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Abstract.
Background.
In 2013 the University of Auckland medical programme was reinvigorated which expanded
the use of the mini-clinical evaluation exercise (mini-CEX) assessment tool. In Year 4, the
mini-CEX is used twice and along with nine other assessments, contributes to the Clinical
and Communication Skills domain grade.
Aim.
There were two main aims. First, to explore how the mini-CEX was being used in Year 4
students, and secondly, to evaluate the contribution of the mini-CEX, and other
assessments, to the grade of the Communication and Clinical Skills domain.

Methods.
Five years of de-identified data, from Year 4 students (2013 – 2017) was extracted.
Demographic data, entry characteristics, training site, mini-CEX grade, Clinical and
Communication Skills grade and the grades for other clinical assessments were obtained.
Detailed information on the mini-CEX evaluations undertaken in 2013 and 2014 were
obtained including assessor and case characteristics. These were subjected to various
analysis using FACTOR and the Statistical Package for the Social Sciences.

Results.
A total of 1203 Year 4 students were included who completed 1196 General Medicine and
1198 Specialty Medicine mini-CEX. The majority of students received a pass or distinction;
only 1.5% assessments (36/2398) receiving a fail or borderline mark. Although there were
significantly higher mini-CEX scores awarded based on demographic, attachment and
assessor characteristic, the effect of these influences were trivial, and essentially did not
impact the grade.

iii

All clinical assessments, including the mini-CEXs, correlated with the grade for the Clinical
and Communication Skills domain (rs = .189 to .350, N = 1192 to 1201, p < .05). A Cronbach’s
alpha of 0.64 was calculated for the Clinical and Communication Skills domain grade. A
hypothetically reliable construct, which retained all assessments, grouping these into three
clusters, is described.

Conclusions.
The mini-CEX is effectively used and provides a naturalistic assessment of patients. The
mini-CEX contributes to the Clinical and Communication Skills domain grade, however,
consideration should be given to reviewing and revising the rubric for this assessment.
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Chapter 1 - Introduction.
The mini-clinical evaluation exercise (mini-CEX) is a workplace based assessment (WBA) tool
that has been widely adopted in medical education to assess clinical skills [Norcini, 1995].
The tool is easy to use, time-efficient and can evaluate trainees across a wide range of
clinical settings. Importantly, it promotes immediate feedback and when used repeatedly
has been shown to be reliable and valid in various clinical settings. The additional benefit of
the mini-CEX is that trainees are evaluating patients in the workplace and thus have an
assessment at the peak of Miller’s “pyramid of competence” [Miller, 1990]. With the miniCEX they are “showing how” they would interact with patients. Assessment drives learning
[Newble, 1983; Van der Vleuten, 1996]; by assessing what a trainee does when interacting
with a patient, we are examining real clinical practice and promoting clinical interactions
rather than rote learning [Van der Vleuten, 2000].

My first experience with the mini-CEX was as an evaluation tool for the assessment of Basic
Physician Trainees (BPTs) with the Royal Australasian College of Physicians (RACP) when it
was introduced as a WBA in approximately 2008. Currently, the mini-CEX is used for
formative assessment of BPTs who are required to complete eight mini-CEX over a 24
month period [The RACP, 2018]. The mini-CEX is not required for advanced trainees in
Nephrology [The RACP, 2019]. Typically, I perform 4-6 mini-CEX assessments of registered
medical officers (RMOs) annually at Waitematā District Health Board (DHB). In addition, the
mini-CEX is used for the assessment of medical students from the University of Auckland.
Since 2005 I have coordinated the Renal Medicine rotation, first at Auckland DHB and then
at Waitematā DHB. In this role I assess medical students during their Specialty Medicine
rotation and since 2013 have used the mini-CEX as part of the assessment of Year 4 medical
students. Typically, I would perform ten Year 4 mini-CEX assessments annually during
Specialty Medicine rotations. In addition, in the last two years, I have performed mini-CEX
assessments of Year 4 students in their General Medicine rotation at Waitematā DHB. It was
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in this context that I became interested in better understanding how the mini-CEX is used in
Year 4 students from the University of Auckland.

1.1 - The University of Auckland Medical School.
The University of Auckland is one of two universities that offer medical degrees in New
Zealand (NZ). The University of Auckland Bachelor of Medicine Bachelor of Surgery (MBChB)
programme is a six year course with limited places available in the medical school. There
has been a steady increase in the number of places being offered: in 2006 there were 148
places increasing to 282 in 2018; however, of note more than seven students apply for each
place available. Students entering have a number of potential routes of admission with
selection based on a combination of academic merit and personal qualities. Candidates may
either be first year or graduate entrants. The candidate may enter via the general admission
scheme, Regional Rural Admission Scheme (RRAS), Māori and Pacific Admission Scheme
(MAPAS), Undergraduate Targeted Admission Scheme (UTAS) or be an International
student. The majority of students enter via the general entry scheme with student selected
from academic performance in their first year of study, a structured interview and the
undergraduate medicine and health sciences admission test (UMAT), a standardised
psychometric test. The RRAS is designed to train candidates from regional NZ in the hope
that they will return to the areas which have a shortage of health care professionals.
Candidates must have undertaken most or all of their undergraduate education in nonmetropolitan NZ. The process of selection is no different to general entrant candidates, and
includes year 1 academic grades, a structured interview and the UMAT, but candidates are
ranked separately. MAPAS is part of the project to increase Māori and Pacific health care
professionals to comprise 10% of health workforce. Candidates must be of Māori or Pacific
whakapapa, and have a measure of prior academic performance and a MAPAS-specific
interview and have separate ranking [Curtis, 2013]. The UTAS scheme allows entry for
candidates from specific equity groups, including but not limited to a candidate with a
disability or those who have been refugees.
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1.2 - How is the mini-CEX used at the University of Auckland?
The first three years of the University of Auckland MBChB are pre-clinical; the fourth year
introduces the student to clinical attachments. Currently, Year 4 students are based at one
of six clinical sites: Waitematā, Auckland, South Auckland, Waikato, Rotorua and Tauranga.
Rotations (also known as clinical attachments or clerkships) are undertaken in General
Medicine, two specialty Medicine rotations, Geriatrics, General Practice, General Surgery,
Musculoskeletal, Anaesthesiology and Emergency Medicine.

Five key domains are identified as important for the clinical practice of Auckland students
which are: Applied Science for Medicine, Clinical and Communication Skills, Personal and
Professional Skills, Hauora Māori and Population Health [University of Auckland Phase 2
(Year 4) Guidebook].

In 2013 the mini-CEX was introduced as an assessment in Year 4 General Medicine and Year
4 Specialty Medicine rotations. The mini-CEX and the clinical supervisors report contributes
to the grade for the General Medicine rotation. The student does two specialty medicine
runs and thus two clinical supervisors reports and one mini-CEX contribute to the grade for
the Specialty Medicine rotation. In addition, the two mini-CEX contribute to the overall
grade for Clinical and Communication Skills domain, along with two Musculoskeletal
Objective Structured Clinical Encounters (OSCE) three Surgical Clinical Skills Assessments
(CSAs), three Medicine CSAs, and one Drug & Alcohol assessment, which are undertaken
through Year 4. Each of the eleven assessments is assigned a grade of distinction, pass,
borderline performance or fail. The Clinical and Communication Skills domain overall grade
may be a distinction, pass or fail. A student must obtain 5 distinctions with no more than
one borderline performance and no grade which was a fail to achieve a distinction. A
student will fail if they fail three or more of the eleven assessments; or they have two fails
and two borderline performances; or one fail and three borderline performances; or four or
more borderline performances. A pass grade is assigned for any combination which is not a
distinction and not a fail [Table 1, adapted from University of Auckland Phase 2 (Year 4)
3

Guidebook]. Thus, the mini-CEX contributes as an assessment of the student at two time
points, during the General Medicine and Specialty Medicine clinical rotations, and also as a
longitudinal assessment for the year, as part of the clinical and communication skills
domain.

Table 1 - Rubric to determine the final grade for the Clinical and Communication Skills Domain.
Grade

Requirement

Distinction

Distinction in five or more assessments of clinical skills and:
No more than one borderline performance, and,
No fail in clinical skills assessments.
Not meeting the criteria for fail or distinction.

Pass
Fail

Fail is assigned if any one of the following occurs:
• Three or more fails of assessments of clinical skills assessments; or
• Two fails and one borderline performances; or
• One fail and three borderline performances; or
• Four or more borderline performances.
Adapted from University of Auckland Phase 2 (Year 4) Guidebook.

Renal Medicine, is one of several possible Specialty Medicine rotations that students may
undertake, however, this is not offered at all sites. In fact, how Internal Medicine and
Specialty Medicine rotations are delivered is quite different across the Year 4 clinical sites.
Rotorua Hospital and Tauranga Hospital are smaller teaching hospitals. Waikato, South
Auckland, Waitematā and Auckland are larger teaching hospitals. In Rotorua, General
Medicine and Specialty Medicine are integrated with each medical team having a specialty
in which they have an interest. In Tauranga, students will do General Medicine with some,
but not all teams, having an interest in Specialty Medicine areas, and all students will have
specialty rotations in Cardiology and Oncology. In the larger hospitals there is a greater
demarcation between General and Specialty Medicine and a wider range of Specialty
Medicine rotations are offered (Table 2). In general, there are one to two students per team
per rotation although the Cardiology rotation in Waitematā DHB will take up to three
students.
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Table 2 - Medical Rotations at Year 4 University of Auckland Clinical Sites.
Teaching Site

Hospital Beds

General medical Teams (Students

Specialty

per team)

(Students per team)
Cardiology (1-3)
Diabetes/Endocrinology (1-2)
Gastroenterology/Hepatology (1-2)
Respiratory (1-2)
Infectious Disease (1)
Respiratory (1-2)
Cardiology (1-2)
Diabetes/Endocrinology (1-2)
Neurology (1-2)
Oncology (1-2)
Renal (1-2)
Gastroenterology (1-2)
Infectious Disease (1-2)
Cardiology Ward (1)
Cardiology Coronary Care Unit (1)
Endocrinology (1)
Gastroenterology (1-2)
Haematology (1)
Renal Medicine (1-2)
Respiratory Green team (1)
Respiratory Blue team (1)
Rheumatology (1)
Stroke (1)
Oncology (1)
Renal (1)
Gastroenterology (1)
Endocrinology (1)
Respiratory (1)
Cardiology (1-2)
Haematology (1)
Neurology (1)
Cardiology (1-2)
Oncology (1-2)

Waitematā

953

Ten General Medicine teams (one
student per team with students
rotating between up to three
teams).

Auckland

1124

Twelve General Medicine teams
(1).

South

745

Twelve General Medicine teams
(1).

Waikato

673

Six General Medicine teams (1-2).

Tauranga

360

Auckland

Medicine

Rotations

General Medicine teams with an
interest in:
Respiratory (1)
Infectious Diseases (1)
Endocrinology (1)
General Medicine (1)
233
General Medicine teams with an
Rotorua
interest in:
Respiratory (2)
Cardiology (2)
Diabetes/Endocrinology (2)
Gastroenterology (2)
Personal Comms (Mere Vercoe, Maggie Naidoo, Maria Vitas, Raewyn Wooderson, Irene Warren and Leonie
Alley. Medical Student Co-ordinators at Waitematā (MV), Auckland (MN), South Auckland (MV), Waikato
(RW), Tauranga (IW), and Rotorua (LA)).
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The mini-CEX is also used in Year 5 during rotations in Paediatrics, Psychiatry and General
Practice and in Year 6 during rotations in General Practice, Obstetrics and Gynecology,
Paediatrics and Surgery.

1.3 - Programmatic assessment and the assessment tools used in Year 4 students.
In 2013 the University of Auckland MBChB programme was reinvigorated and adopted a
model of Programmatic Assessment [van der Vleuten, 2012]. Programmatic assessment
takes a holistic approach to assessment; high stakes decisions such as the final grade, are
based on an aggregation of multiple data points, at multiple time points across multiple
interactions. This assumes that by combining multiple assessment methods that the validity
and reliability of the overall assessment will be improved. In other words, the intention of
programmatic assessment is that if one assessment tool fails to effectively evaluate an
aspect of the student’s learning, then another method will evaluate this aspect. In the case
of Year 4 medical student the grade for Clinical and Communications Skills is assigned using
two WBAs (the mini-CEXs), two OSCE stations (two musculoskeletal), one standardised
patient assessment (Drug and Alcohol) and six clinical skills assessments.
In contrast, prior to 2013, the clinical supervisors report and two short cases were
undertaken during the medicine rotation. The student could fail one short case and fail the
rotation, leading to the student having to repeat the medicine rotation. The specialty
medicine rotation was assessed from the Clinical Supervisors report and written case
reports. The student would also need to take an end-of-year “barrier” assessment, at the
end of Year 5, consisting of medical and surgical short cases occurring over one day. Thus,
we see each mini-CEX used currently, as a single low-stakes assessment, contributing a data
point both as a single time point and to longitudinal assessment, for the Year 4 medical
student.
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1.4 - Workplace based assessment.
An additional benefit of the mini-CEX is that the assessment is performed in the workplace.
Student assessments such as the OSCE or standardised patient simulation assess the
students’ ability to perform a task under controlled conditions, and assess the student’s
competence. For postgraduate doctors there has been a move away from standardised
assessments as they may not correlate with their performance in clinical practice [Rethans,
2002]. WBA with tools such as Direct Observation of Procedural Skills (DOPS), Case-based
discussion (CbD) and the mini-CEX are now used widely to evaluate trainees during
everyday practice. It is recognised that assessing trainees in the workplace gives greater
insight into how the person behaves in a real-world setting and is a better measure of their
performance. Introduction of WBA for student doctors offers the opportunity to assess
what a student “does” rather than the student “showing how”. For the student the miniCEX, OSCE and assessment of the standardised patient are all near to the peak of Miller’s
pyramid of competency; they are “showing how” they would interact with patient rather
than traditional assessments of multiple choice questions or short answers where they
demonstrate “knows” or “knows how” [Figure 1 Miller, 1990].

Figure 1 - Miller’s Pyramid of Competency
Adapted from Miller, GE. 1990. The assessment of clinical skills/competence/performance. Academic
Medicine, 65: s63-s67.
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1.5 - The student doctors’ journey.
The transition from lecture-based learning to clinical interactions is a major step in the
student doctors’ journey. The Dreyfuss model describes skill acquisition and professional
development where learners progress through a series of stages: novice, advanced
beginner, competent, proficient and expert [Dreyfus, 1980]. Using this model Year 4
Auckland medical students are novices, who should be “memorizing and following rules” in
how they interact, evaluate and treat patients. To develop, the medical student should have
monitoring, “either by self-observation or instructional feedback, so as to bring his behavior
more and more completely into conformity with the rule” [sic] [Dreyfus, 1980]. The miniCEX offers a valuable opportunity to do this. However, the risk with using the mini-CEX in
this fashion is that the student’s focus will be on obtaining a good grade and this will detract
from feedback, reflection and the learning opportunity. This concern was raised in a study
from the Netherlands by teaching faculty [Daelmans 2016]. In contrast the RACP require
BPT, who could be viewed as being at the competent stage in the Dreyfuss model, to
complete eight mini-CEX over a 24 month period and use the mini-CEX as a formative
assessment [The RACP, 2018]. This allows the BPT to focus on feedback and skill acquisition
rather than on a grade. So here we have a potential conflict: a strength of programmatic
assessment is that it recognises assessment can be used for learning. Using the mini-CEX
purely as a formative assessment would embody this approach.

1.6 - Purpose of this thesis.
An important component of programmatic assessment is the recognition that the
programme of assessments can influence learning, as does the medical curriculum itself,
and thus should be reviewed. The main purpose of this thesis is to investigate how miniCEX assessments contribute in the context of programmatic assessment. To do this I will
analyse how they function as an assessment tool at the University of Auckland medical
programme and how they contribute to the grade for the Clinical and Communication Skills
domain.
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For this dissertation Chapter one provides an overview of the mini-CEX and describes its use
in the context of the University of Auckland MBChB programme. I was interested in how the
mini-CEX was used in undergraduate medical education in other centres and Chapter two
will summarise an informal survey of how the mini-CEX is used in medical schools in NZ and
Australia. To better understand the use of the mini-CEX as an educational tool being used
for medical students in the context of a programmatic assessment I undertook a narrative
literature review. Chapter three summarises the published evidence of the use of the miniCEX, first looking at its development and use in the post-graduate setting and secondly the
use of the mini-CEX in undergraduate medical programmes. In order to determine how the
mini-CEX was being used as an assessment tool, deidentified data on students in the Year 4
of the University of Auckland MBChB programme between 2013 and 2017 was obtained.
More detailed information about assessor, the patient characteristics and the assessment
for 2013 and 2014 was obtained. In Chapter four descriptive statistics and measurement
characteristics of the Year 4 mini-CEX and outlined. Differences between the General
Medicine and Specialty Medicine rotations and a focus on how whether there is any
difference in grade for different groups of medical students are assessed. In Chapter five
data on the mini-CEX and its association on the grade for the Clinical and Communication
Skills domain are described. Finally, Chapter six will summarise the findings from this
research.
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Chapter 2 - Use of the mini-CEX at the University of Auckland and
medical schools in NZ and Australia.
At the University of Auckland the mini-CEX is used twice in Year 4 and forms part of the final
grade of the Clinical and Communication Skills domain grade. The mini-CEX is used five
times in Year 5 during rotations in Paediatrics, Psychiatry and General Practice and five
times in Year 6 during rotations in General Practice, Obstetrics and Gynecology, Paediatrics
and Surgery. In Year 5 Paediatrics a single mini-CEX is done and contributes to the overall
grade for the rotation. In Year 5 Psychiatry and Year 5 General Practice the student must
undertake a formative mini-CEX and then must pass a summative mini-CEX with the
summative mini-CEX contributing to the grade for the rotation. In Year 6 Paediatrics and
Surgery a single mini-CEX is done and contributes to the overall grade for the rotation. In
Year 6 Obstetrics and Gynecology a single mini-CEX is done and contributes to the overall
grade for the rotation. Students are encouraged but not required to undertake formative
mini-CEX. In Year 6 General Practice the student must undertake a formative mini-CEX and
then must pass a summative mini-CEX with the summative mini-CEX contributing to the
grade for the rotation. In each academic year, the mini-CEX grade contributes to both the
attachment grade and the longitudinal Clinical and Communication Skills domain grade.

A standard form is used for all mini-CEX assessed at the University of Auckland. The overall
clinical competence of the student is determined as well as four subcompetencies: history
taking/communication, physical examination, clinical judgement/reasoning and humanistic
qualities/professionalism. These are assessed using a four point ordinal scale (Appendix 1).
The original post-graduate tool developed by the American Board of Internal Medicine used
a nine-point scale which fell within four bands which described the trainees performance:
unsatisfactory, marginal, satisfactory and superior [Norcini, 1995]. When adopting the tool
for undergraduate use it was determined, that a nine-point scale would not be accurate for
Auckland medical students and thus a four point ordinal scale was adapted to use in the
undergraduate setting (Personal Comms A/Prof Andrew Wearn). The four point scale is
10

used for other clinical assessments in the University of Auckland undergraduate
programme. A space to record the time taken observing the student is provided and a space
for the assessor to sign the form is provided. Instructions that describe how the tool should
be used and a rubric for marking are included as part of the mini-CEX form (Appendix 1).

The RACP mini-CEX assesses the overall clinical competence of the BPT but, in contrast,
assesses six subcompetencies and uses a nine point interval scale (Appendix 1). The
complexity of the case is assessed. Space for recording the time the trainee is observed and
the amount of time spent providing feedback to the trainee is provided. Both the assessor
and the trainee must sign the form. A description of the specific skills a BPT must
demonstrate and a rubric to assess these skills is provided with more space provided on the
form for recordings. Eight formative assessments are required over 24 months.

So it can be seen that there are some similarities but also differences between how an
undergraduate student and a postgraduate trainee are assessed. I was interested in
understanding how other local medical programmes use the mini-CEX and thus undertook
an informal survey by contacting the medical program directorate or equivalent at the
University of Otago and medical school in Australia.

The University of Otago, a six year MBChB programme, uses the mini-CEX but only in
Paediatric rotations in Year 5 and Year 6. There it is used at a formative assessment, and
only in Paediatic rotations, twice in year 5, and four times in year 6 (Prof Tim Wilkinson and
Dr Tony Walls, Personal communications, September 2018). The form assesses two
domains: the quality of the clinical skills and the interaction with the child and uses a ninepoint interval scale which falls within three broad descriptors where 1, 2, 3 are
unsatisfactory, 4, 5, 6 are satisfactory and 7, 8, 9 are superior and examples of what
behaviours would correspond to these scores. A space for both the assessor and the trainee
to sign the form is provided but no documentation of the time spent with the student is
recorded (Appendix 1).
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The mini-CEX is used in the majority of Australian medical schools and their use of the
assessment tool is summarized in Table 3.

Table 3 - Use of the mini-CEX in Australian medical schools.
Medical School

Australian National

Course

Use of

Number of

Formative or

Subcompetencie

Scale

Duration

the Mini-

Assessments

Summative

s

Length

(Years)

CEX

4

Yes

16 in Year 3

Formative

No response

No

University Medical School.
The University of Sydney

6 in Year 4
4

No

6

Yes

response

School of Medicine
University of New South

Formative

5

4

Summative

5

5

35 in Phase 2

Formative and

0

Formative

Graduate School of

4 in Phase 3

summative

Medicine.

12 in Phase 4

Wales Faculty of Medicine
Western Sydney University

4 in Year 5
4 in Year 6

5

Yes

School of Medicine.

4 in Year 3
5 in Year 4
9 in Year 5

University of Wollongong

4

Yes

0
Summativ
e5

University of Newcastle

5

Yes

School of Medicine & Public

2 in Year 4

Formative

6

9

Formative

6

4

Formative and

To be confirmed

To be

6 in Year 5

Health.
University of New England
School of Rural Medicine.
University of Notre Dame

4

Yes

School of Medicine, Sydney

1 per week Year
3
1 per week Year
4

Curtin Medical School

4

Planned¥

To be confirmed

Summative
University of Western

4

Modified*

9

Summative

confirmed
6

8

Australia School of Medicine

12

University of Notre Dame

4

Yes

School of Medicine,

18 in Year 3

Summative

7

6

In each clinical

To be

To be confirmed

To be

rotation of Year 3

confirmed

18 in Year 4

Fremantle
Deakin University School of

4¤

Planned

Medicine

confirmed

and Year 4.
Monash University Faculty

4 -5^

Modified#

8 in Year 3

3

8

8

6

Summative

6

9

Formative

6

8

9 in Year 4

Formative and

7

9

Medical School & Adelaide

9 in Year 5

summative

Rural Clinical School

3 in Year 6
4

4

of Medicine, Nursing &

Formative and
summative

Health Sciences
Melbourne Medical School

4

Yes

10 in Year 3

Formative and
Summative

University of Tasmania

5

Yes

School of Medicine
Flinders University School of

10 in Year 4
10 in Year 5

4

Yes

Medicine

16 in Year 3
6 in Year 4

University of Adelaide

University of Queensland

6

4

Yes

Yes

School of Medicine
James Cook University

6

Yes

School of Medicine &

16 in year 3

Formative and

14 in Year 4

Summative

12 in Year 5

Summative

7

2

Summative

6

9

Summative

6

9

8 in Year 6

Dentistry
Griffith University School of

4

Yes

Medicine

12 in Year 3
6 in Year 4

Bond University Faculty of

5

Yes

12 in Year 5

Health Sciences & Medicine

* University of Western Australia use a modified mini-CEX called the structured clinical assessment.
^
Monash University have a 4 year graduate or 5 year undergraduate programme.
#
Monash University used a modified mini-CEX called the mini-case record.
¥ Curtin Medical School is establishing its programme and plan to use the mini-CEX but have not
confirmed the specific requirements.
¤
Deakin University School of Medicine were in the process of revising their programme to include the
mini-CEX, however the exact use is yet to be confirmed.

Thus, in NZ and Australia, there is a wide range of use of the mini-CEX in undergraduate
medicine. One medical school, the University of Sydney, does not use the tool. Other
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medical schools use the tool for formative assessment only (e.g. Otago), summative
assessment only (e.g. Tasmania) or both (e.g. Queensland). Of note the University of Notre
Dame has medical schools both in Freemantle and Sydney but uses slightly different
versions of the mini-CEX.

Interestingly, the University of Wollongong has different marking sheets for formative and
summative assessments. In the formative assessment no grade is assigned. This embraces
the concept of assessment for learning. The focus is on feedback with space for the assessor
to comment on strengths, weaknesses and an action plan for the student. In summative
assessment the tool provides an overall grade and has moved to an entrustability scale
(Appendix 1).

The original post-graduate scale developed by the American Board of Internal Medicine
used a nine-point scale which fell into four bands: unsatisfactory, marginal, satisfactory and
superior. Quite understandably, when adapting the mini-CEX to the undergraduate setting
the University of Auckland’s mini-CEX has simplified the scale and reduced the range of subcompetencies being assessed. Of note, as well as being part of the assessment for the
clinical rotation, the mini-CEX at the University of Auckland is used as a component of
programmatic assessment.
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Chapter 3 - Narrative Literature Review of the mini-CEX.
To better understand the mini-CEX and the use of the mini-CEX as an assessment tool, I
undertook a narrative literature review [Ferrari, 2015; Siddaway, 2019]. A systematic review
offers a comprehensive, standardised and reproducible overview of the literature, and will
provide both a qualitative and quantitative analysis around a specific topic. However, a
protocol describing a planned systematic review of the mini-CEX has been published
[Mortaz Hejri, 2017]. A narrative review, although less rigorous than a systematic review, in
terms of approach can be used to review and summarise key aspects of the literature
highlighting the historical development and important components of the mini-CEX.
Reviewing the mini-CEX with this method has allowed me to consider the mini-CEX from
both the lens of a postgraduate and undergraduate assessor.

For this narrative review I will provide a historical account of the development of the miniCEX, describe studies that have evaluated validity, and reliability, and review the sources of
variance and strategies that have been evaluated to limit this variance, the role of feedback,
the effect of the mini-CEX on trainees, the use of the mini-CEX in different disciplines and
finally other assessment tools that have been developed based on the mini-CEX, all in the
postgraduate setting. Next, I will discuss the use of the mini-CEX in the undergraduate
medical setting covering feasibility, validity, reliability, feedback, and electronic formatting
of the mini-CEX.

To comprehensively review the literature articles on the mini-CEX were obtained from
searched databases which include PubMed, Education Resources Information Centre (ERIC),
the Cochrane library, and PsycINFO. Search terms used include mCEX, mini-CEX and miniClinical Evaluation Exercise. In addition, the reference lists and citations from articles that
were obtained from these searches were also reviewed and included if appropriate. No
restriction was placed on study design. The search was censored ab initio to the 1st of
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August 2017. Articles that were not in English, without a translation readily available, and
non-contributory articles were not included (Figure 2).

Figure 2 – Flow chart of the literature selection process for the narrative review.

3.1 - The mini-CEX in Postgraduate Medical Education.
Initial descriptions and development.
The mini-CEX was created by the American Board of Internal Medicine to assess the clinical
skills of medical residents [Norcini, 1995]. Previously, Internal Medicine (IM) residents were
observed by a single faculty member performing a thorough history and physical
examination. The resident would then discuss their finding and plan management; in
essence perform a “long case”. The long case was noted to have several potential
limitations: 1.) a limited number of assessors; 2.) a single patient interaction; and 3.) a
limited format [Norcini, 1995]. The mini-CEX was developed to address these issues while
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effectively assessing the clinical skills that residents, the equivalent of a registered medical
officers (RMO), require in patient interactions with a faculty member, the equivalent of a
senior medical officer (SMO). Faculty would observe a medical resident undertake a focused
history and examination, then discuss an impression and treatment plan, before finally
providing educational feedback. Multiple patient-resident interactions with multiple faculty
would occur.

The first description of the tool [Norcini, 1995] was undertaken in Pennsylvania, USA. In the
preliminary study 389 mini-CEX encounters in 88 residents were included. Each resident
undertook 2 – 10 assessments with 78 residents (89%) in their first year of training, 9 (10%)
in their second year, and 1 (1%) in their third year. Assessments were performed by
attending physicians, who completed 1 - 26 evaluations. A wide range of conditions were
assessed including common IM problems and also conditions in other specialties such as
Psychiatry, Gynecology, and Ophthalmology. The time taken ranged widely: from 5-100
minutes, with significantly longer assessments for inpatient visits, compared to outpatients,
and those that occurred in the Emergency Department. It was noted that both residents
and evaluators were significantly more satisfied after longer encounters. The assessment
was undertaken in overall clinical competence and four components of competence: history
taking, physical examination, clinical judgement and humanistic qualities. A nine-point scale
was used to assess encounters, with scores of 1, 2 and 3 ranked as unsatisfactory, 4
marginal, 5 and 6 ranked as satisfactory and 7, 8 and 9 ranked as superior. A significant
correlation between the components of competence (range: .65 – .81, p < .01) and between
the components and overall competence (range: .61 - .68, p < .01) was demonstrated.
Residents did better the longer they were given (Pearson product movement correlations of
.10 - .16 for duration of evaluation and performance ratings, p ≤ .05). The reproducibility,
the likelihood that the same resident would receive the same score if tested again, was
determined using Generalisabilty theory (G-theory) and between 12-14 encounters were
required to produce satisfactory reproducibility. It was noted that second years residents’
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overall competency score was significantly better than first years’ score (6.98 v 6.45
respectively, p < .05).

When focusing on those undertaking the evaluation [Norcini, 1997] 64 assessors were
included. The scores for overall clinical competence ranged from 5.5 to 8.0 (mean 6.6 +/0.6). There was correlation among the components of competence (history, examination,
clinical judgment, and humanism). There was not a large difference seen between
evaluators in the components of competence. Little difference between setting, inpatient
versus outpatient, was noted. Examiners were generally satisfied with the tool, especially
when more time was taken for the assessment.

A larger study was performed using non-systematically selected IM training programmes
from USA which assessed data from 1228 mini-CEX encounters involving 421 residents and
316 assessors [Norcini, 2003]. A nine-point scale was used with the resident rated on overall
competence

and

seven

sub-competencies:

interviewing,

physical

examination,

professionalism, clinical judgment, counseling, organization, and efficiency. Additional data
on the complexity of the patient’s problem on a 3-point scale (low, moderate, and high),
gender of the patient, the type of visit (new or return), the setting (ambulatory, inpatient,
emergency department, or other), the time spent observing the encounter, and providing
feedback was obtained. The examiner also noted whether the focus of the encounter was
data gathering, diagnostic, therapeutic, or focused on counseling. Interestingly, the scores
varied significantly, with residents receiving lower scores for less complicated patients (low
complexity 6.60 +/- 1.02, moderate complexity 6.66 +/- 1.04, high-complexity 6.94 +/- 1.07;
p < .01). The total score and the scores for each sub-competency achieved by residents
significantly improved through the academic year (total quarter 1 6.40 +/- 1.05, total
quarter 2 6.54 +/- 1.03, total quarter 3 6.81 +/- 1.01, total quarter 4 6.97 +/- 0.99; p < .01).
The more mini-CEXs that were assessed the smaller the confidence intervals around overall
score. Ten encounters produced a tight confidence interval with only minor gain from more
encounters. Examiners were in general satisfied with the tool.
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These initial reports by Norcini et al are important as they establish the role of the mini-CEX
as a formative assessment tool developed to encourage education rather than evaluation.
The first paper demonstrates that the mini-CEX could be used to assess residents
effectively, and that the tool was acceptable to those involved in the assessment. G-theory
was used to demonstrate that multiple uses of the tool were needed for reproducibility.
And of course exposing the trainee to multiple clinical scenarios was another key aim of
developing the tool. A key finding was that residents’ scores improved with time which
supported the construct validity of the tool. The second paper focused on the assessors and
demonstrated that they were satisfied with the mini-CEX, supporting face validity. It was
also determined that the mini-CEX was broadly comparable over different clinical settings.
The third paper replicated the previous studies but in a different and larger population. It
demonstrated the feasibility of the tool as well as construct and face validity. G-theory was
again used to show that multiple assessments were required to reliably assess residents.
The benefit of multiple assessments with the mini-CEX is that the trainee has greater
patient and examiner diversity. The disadvantages are more taxing administration
requirements and a failure to evaluate the resident performing a complete history and
physical examination. These pioneering papers established the mini-CEX as a valuable and
effective assessment tool.

“A good assessment should be objective, reliable and valid.”
Mirjana Knorr & Dietrich Klusmann, Medical Education 2015, 49: 550-552

Validity of the mini-CEX.
Validity, the ability of an assessment to measure what it is supposed to measure, is a vital
aspect of any assessment tool [Schuwirth, 2011a]. Classically, this is divided into three
components: criterion, content and construct validity [Cronbach, 1955].
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Criterion validity.
Criterion validity, the extent to which the grade relates to the trainee’s clinical abilities, may
be further separated into either concurrent validity, where the comparison between the
measure and outcome are determined at the same time or predictive validity where the
measure is compared to an outcome at a later time. The criterion validity of the mini-CEX
has been evaluated in a number of studies.

The mini-CEX has been compared to other evaluation tools. The Clinical Skills Assessment
(CSA) is used by the Educational Commission for Foreign Medical Graduates to determine if
International Medical Graduates (IMGs) can gather and interpret clinical patient data and
communicate effectively in English at a level comparable to students graduating from
United States medical schools. This was found to correlate closely to the mini-CEX [Boulet,
2002]. The American Board of IM have monthly evaluation forms which evaluate overall
clinical competence and specific subcompetencies. This was compared to the mini-CEX and
found to closely correlate [Durning, 2002]. The Royal College of Physicians and Surgeons of
Canada have a Comprehensive Examination in Internal Medicine (RCPSC IM). Trainees
preparing for this exam had standard mini-CEX performed and their scores correlated with
outcomes of the RCPSC IM exam [Hatala, 2006]. In the UK, IM training is conducted by three
Royal Colleges of Physicians. A study of trainees who completed the mini-CEX and other
WBAs demonstrated significantly correlation with the score achieved in the mini-CEX and
other WBAs including CbD, the mini-peer assessment tool and DOPS [Davies, 2009].

Audit of clinical notes is used for continuous professional development of medical
professionals. A study from USA, performed a chart review of patients seen by IM residents
and determined how frequently six basic health preventative measures: bowel cancer
screening, breast cancer screening, lipid screening, pneumonia vaccination, screening for
tobacco use, and counselling to stop smoking were performed [Willett, 2009]. There was a
weak correlation between quit smoking advice and the overall mini-CEX score of trainees
and no correlation with other health preventative measures. The Clinical Skills Assessment
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(CSA) is used as summative assessment tool for General Practice trainees in the UK. A study
of General Practice trainees who sat the CSA did not show that the number of mini-CEX
performed during training was a predictor of CSA outcome [Shaw, 2014].

Thus, when considering criterion validity we see mixed results in the published literature.
The paper by Boulet et al showed that the mini-CEX displays concurrent validity. In a small
number of trainees the mini-CEX appeared to discriminate between candidates who met
and did not meet the required standard. The study also highlighted differences in the
stringency of examiners. The paper by Durning et al demonstrates concurrent validity.
However, as the monthly evaluation forms and the mini-CEX were completed by the same
assessors, it is perhaps unsurprising that a close correlation was found. The report by Hatala
et al demonstrated predictive validity and supports the view that the mini-CEX provides a
reliable and valid assessment of clinical competence with a clear demarcation between
passing and failing candidates. The paper by Davies et al demonstrated concurrent validity
from correlation with other work-based assessments tool, although the correlation with
DOPS was weak. The papers by Willets et al were less supportive of concurrent validity with
only a weak correlation seen in mini-CEX scores and health preventative measure. The
paper by Shaw et al also did not show the number of mini-CEX could predict the likelihood
of passing an exit exam. However, this paper looked only at the number of mini-CEX that
were performed rather than the scores that were achieved by the candidates and thus the
outcome of this paper should be viewed cautiously. Taken together these studies
demonstrate both concurrent and predictive validity and support the criterion validity of
the mini-CEX.

Content validity
Content validity is the degree to which an assessment measures all components of a
construct. This was determined in the early studies by Norcini et al [Norcini, 1995; Norcini,
2003], where a close correlation between the components of competence (range: .65 – .81,
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p < .01) and the components and overall competence (range: .61 - .68, p < .01) were
demonstrated.

Construct validity.
Construct validity, the ability of an evaluation tool to differentiate between levels of
performance, is the other component of any assessment tool and has been evaluated for
the mini-CEX.

Videotaped encounters of standardised patients and standardised residents displaying
unsatisfactory, satisfactory, and superior clinical skills were evaluated using the mini-CEX
and found that scores significantly increased with each higher level of performance of the
standardised resident [Holmboe, 2003].

Studies from Argentina [Alves de Lima, 2007], UK [Wilkinson, 2008; Davies, 2009] and
Taiwan [Liao, 2013] have all demonstrated that the mini-CEX grades were significantly
better as residents’ seniority increased. A retrospective analysis of trainees who used WBAs
including the mini-CEX, CbD, DOPs and the mini-peer assessment tool found that the mean
mini-CEX scores were lower for trainees who were identified as “in difficulty” by their
educational supervisors [Mitchell, 2011].

Using the multitrait-multimethod matrix significant convergence of scores between the
mini-CEX and a number of other assessments were demonstrated in IMGs entering into the
Canadian medical programme [Baig, 2010].

These studies consistently demonstrate the construct validity of the mini-CEX by the ability
of the tool to discriminate between junior doctors with satisfactory or unsatisfactory
performances and by demonstrating that as junior doctors gain experience then mini-CEX
scores improve.
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Kane’s Validity Framework
A more sophisticated approach has been developed where the process of validation
involves development of a structured argument to evaluate the tool.

Kane’s validity

framework, which focusses on four key inferences, is commonly used to conceptualise this
process [Cook, 2015]. A validity argument for the mini-CEX using Kane’s validity framework
has been constructed [Hawkins, 2010]. Evidence was sought to support an argument for
validity in the components of scoring, generalisation, extrapolation and interpretation. This
paper highlighted that in the constructs of generalization and extrapolation there was
evidence to support the validity of the mini-CEX. There were some arguments to support
the construct of interpretation/decision. However, in the construct of scoring, there were
noted to be some limitations in evidence to support the use of the tool. (which remain
unaddressed).

Historic studies have highlighted variability in the clinical skills of junior doctors. A key role
of the mini-CEX is to determine the level of competence of medical practitioners. These
studies demonstrate validity and support that a framework to construct a validity argument
exists to support the use of the mini-CEX.

Reliability of the mini-CEX
Reliability refers to the consistency on an assessment when it is repeated; a reliable tool will
achieve the same result when repeated under similar conditions [Downing, 2004]. The
concept of reliability also encompasses the generalisability of an assessment and the
amount of random error that occurs with the measurement. Error that occurs may be due
to the assessment but also may be due other factors such as the assessors administering
the test so called rater error or to case itself. If the assessment has multiple components
that are being assessed then internal consistency may also be determined. So, for the miniCEX, we can determine reliability, looking at the error from the assessment tool, the
assessors and the cases and we can look at the internal consistency of the different
components. G-theory analysis or intraclass correlation coefficient may be used to estimate
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the variance that may contribute to error. G-theory analysis is viewed as a more elegant
analysis and is used to determine G-coefficient which informs the consistency of the rating,
where 0 is not at all reliable and 1 is perfectly reliable. Estimates of the components of
variability may also be determined using this method where 0 is not contributing any
variance and 1 accounting for all the variance. Typically a G-coefficient of 0.8 is expected for
an assessment to be considered reliable for a high stakes decision, such as progression in
training, although an even greater cutoff may be desired in very high stakes examinations
[Downing, 2004].
The initial work on the mini-CEX determined that between 12-14 evaluations were needed
to achieve satisfactory reliability, a G-coefficient of > 0.8 [Norcini, 1995]. Other studies of IM
trainees have determined that 8 [Jackson, 2010] or 10 assessments [Norcini, 2003; Alves de
Lima, 2007] are needed to achieve satisfactory reliability.

A single study has been reported that looked at the internal structure of the mini-CEX and
using factor analysis demonstrated that although an assessor utilizing the mini-CEX rates
competence in multiple domains (e.g. interviewing, physical examination, humanistic
qualities/professionalism, clinical judgment, counseling, and organization/efficiency) as well
as an overall, global impression that these subcompetencies are tightly linked to the overall
score [Cook, 2010]. Thus, we may be only measuring overall clinical competence rather than
multiple domains.

The reliability of the mini-CEX has been further evaluated using more sophisticated analyses
and four studies are worth considering in more detail. An USA study of 24 assessors used
the mini-CEX to retrospective assess 10 trainees who each completed 6 cases for an
alternate exam used G-theory to determine the components of variance [Margolis, 2006].
Most of the variance was due to the rater (variance 0.47), then the examinee (variance
0.46) with the least effect due to the case (variance 0.04). Importantly, the study reported
that the number of raters was more important than the number of patient interaction in
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improving reliability: it was determined the G-coefficient for assessment of overall clinical
competence based on one examiner assessing each examinee on ten occasions was g = 0.39
while the reproducibility for an assessment where ten raters each rated an examinee on
one case would be g = 0.83. A UK study of 128 IM trainees who undertook 658 mini-CEX
assessed by between 1 and 21 assessors used G-theory to evaluate reliability and found that
only 5 assessments were need to achieve a reliable measure (g = 0.80) [Wilkinson, 2008]. It
was estimated that trainee-to-trainee variation was 0.13, assessor-to-assessor variation
0.19, and encounter-to-encounter variation 0.24. A study of Anaesthesia trainees found
that the mini-CEX, which assessed overall care as well as nine other domains specific to
Anaesthesia, was unreliable and lenient [Weller, 2009a]. G-theory was used to analyse 297
assessments on 38 trainees by 58 assessors and found most of the variance related to the
case specificity (variance .41), then assessor stringency (variance .40), assessor subjectivity
(variance .15) with only a small component related to the trainees ability (variance .04). This
paper determined that over 100 assessments were needed for a G-coefficient of > 0.8.
Finally, an interesting study utilized a controlled set-up to estimate the reproducibility of
the mini-CEX [Alves de Lima, 2013]. Three standardised patients, were seen by 21
Cardiology residents with encounters then videotaped. Three experienced assessors scored
the videotaped encounters using a nine-point scale mini-CEX. The value of increasing the
number of assessors was again highlighted: 9 mini-CEX were needed to achieve a Gcoefficient of > 0.8 with one assessor (g = 0.81), 5 mini-CEX with two assessors (g = 0.83)
and 3 mini-CEX if there were three assessors (g = 0.81). The major sources of error related
to general error, and variability (stringency/leniency) of the examiners with the least due to
the ability of the candidate.

These papers highlight that the reliability of the mini-CEX increases with the number of
cases, that increasing the number of assessors is more effective than just increasing the
number of cases and that the assessor is noted to have more impact on variance than the
ability of the candidate. The number of cases needed to achieve a robust generalisability
was notably different between IM trainees and Anaesthesia trainees.
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Factors contributing to the variance between raters.
We see the assessor has an effect on the reliability and thus the validity of the mini-CEX. A
number of studies have further evaluated factors that contribute to variance between
raters.

An interesting study highlighted that the clinical skills of faculty may be associated with how
they rate trainees. Forty-four IM faculty performed 8 standardised patient encounters
themselves and then rated videotaped resident encounters using the mini-CEX (Kogan,
2010). There did not appear to be any correlation between the rating and demographic
factors such as age, gender, clinical experience or preceptor experience. However, it was
noted that faculty who demonstrated more complete history taking during their
assessments of standardised patient were more stringent in their ratings in interviewing
and organization domains, and faculty who demonstrated more complete examination skills
were more stringent with interviewing, examination and organization. Thus the implication
is that the better the clinical skills of the assessor the greater their stringency of assessment
perhaps due to the assessors expectation of the trainee.

Social judgements are where an assessor makes inferences about a trainee and the reasons
why they do something. Work by Gingerich et al highlights that raters may make social
judgements: causal explanations for observed behaviours, and this may influence and
explain the variance between raters scores. In their first study, using videotaped resident
encounters, it was shown that IM Physicians when asked to make social judgements gave
different explanations for the behavior of residents. Using latent partition analysis, a
method where judgements of behaviours are grouped into common themes, to analyse
these causal explanations it was shown these explanations could be grouped into themes,
and these judgements could account for some of the variance seen between raters
[Gingerich, 2014]. In a second paper, using Q methodology, which focuses on describing
viewpoints that describe a population, it was shown that different assessors have distinct
points of view about components of a trainee’s performance. These were not always
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consistent between assessors with different perspectives shown to emphasize a strength or
weakness of different components of a trainee’s performance. Each perspective was
consistent with the mini-CEX rating assigned by the rater [Gingerich, 2017].

In a series of papers by Yeates et al the impact of bias, caused by comparing the
performance of recently assessed trainees rather than an absolute standard was
demonstrated to contribute to variance between raters. It was hypothesized that two
opposite effects may be seen: anchoring bias or contrast bias. Anchoring bias will lead to a
recent experience of a good performance increasing scores compared to a recently
reviewed poor performance. Contrast bias will lead to a recent experience of good
performance and may tend to decrease subsequent scores compared to a recently
reviewed poor performance. In the first study videos of scripted performances with
simulated patients using real junior doctors was developed and scored using a modified
mini-CEX with seven domains. This demonstrated that contrast bias occurred and
accounted for variance between raters [Yeates, 2012]. A qualitative study demonstrated
three themes that contributed to variance: assessors weighed aspects of the performance
differently, criteria for marking varied between assessors, and when integrating
components of the assessment different emphasis led to a global impression [Yeates, 2013].
Finally, using qualitative analysis, it was demonstrated that even a single poor or single
good performance by a trainee could lead to contrast bias [Yeates, 2015].

These papers give valuable insight into factors that may influence raters’ judgement and
contribute to variance. Kogan et al highlight that the examiners ability may influence their
stringency, Gingerich et al highlights that assessors make social judgements and Yeates et
al demonstrate that the evaluation of previous trainees may impact on assessors scores.

Improving reliable assessment of medical trainees.
A number of studies have been performed to determine whether training of assessors can
improve assessment of trainees but have shown mixed results.
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A controlled study using a cluster randomisation design was performed to determine if a
multi-faceted method of faculty development could improve the accuracy of the
assessment [Holmboe, 2004a]. A combination of mini-lectures and evaluation exercises
were used to train assessor. Although these interventions were rated as outstanding and
led to participants being more confident with administering the mini-CEX, this did not
translate into significantly different scores to a control group. Another study to train raters
in the mini-CEX used a workshop that covered the need for resident assessment, potential
errors and biases, discussed the domains of the mini-CEX, and had facilitated discussion of
videotaped interaction of residents and standardised patients but did not significantly
improve reliability of raters [Cook, 2009a]. The effect of training faculty on the mini-CEX
with a two hour workshop found that for assessors that attended had a significant
improvement in cognitive knowledge but did not address the effect on trainee assessment
[Liao, 2013]. Finally a qualitative study assessing two training methods: performance
dimension training, where raters are made familiar with the dimensions on which the tool is
assessing and a modified approach to frame of reference training, where raters are made
familiar with the dimensions and also the appropriate standard for each dimension that is
being assessed, was used to train assessors in the mini-CEX. Although participants perceived
benefit from both methods a number of challenges were identified in incorporating these
training methods including both individual and institutional issues [Kogan, 2015].

So, a little surprisingly, we do not see that training assessors has clear benefits in terms of
improving reliability. It does, however, have benefits in terms of improving the confidence
of assessors and their understanding of the tool. Any workshop should take into
consideration local information to overcome challenges in implementing the assessment.

Structure of the mini-CEX.
Whether the structure of the mini-CEX can be altered to improve reliability has also been
explored.
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The mini-CEX was developed with a nine-point rating scale. Scales with fewer points may be
more efficient and potentially easier to use [Preston, 2000]. However, simulation studies in
non-medical education have shown that scales with fewer points may be less reliable that
those with more points [Nishisato, 1970; Jenkins, 1977]. It was hypothesized that raters
may be unable to make reasonable distinctions between categories on a nine-point scale,
and that a five-point scale for rating the usual mini-CEX domains may be preferable [Cook,
2009]. To evaluate this faculty members rated videotaped encounters using the mine-CEX
with both a five-point and nine-point scale. Scores using a nine-point scale were significantly
more accurate in classifying competence for overall rating than a five-point scale and the
variance between raters was not significantly different.

Entrustable Professional Activity.
The concept of entrustable professional activity (EPA) allows assessors to decide on the
competency based on the degree of supervision required by trainees. This concept was
applied to the mini-CEX where it was noted that assessors will have different interpretations
of what constitutes different levels of performance and hypothesized that a scale that
linked performance to entrustability: “Do I trust this trainee with this task?”, would be more
effective than the standard scale used for the mini-CEX [Crossley, 2011]. In the study of IM
trainees the standard scale for the mini-CEX was used, and a second scale added, in which
pre-determined training level anchors were accompanied by behavioural descriptors
aligned to the constructs of developing clinical sophistication and independence. It was
shown that assessors discriminated more widely between high- and low-performing
trainees using the new scale than they did using the conventional scale and, when a trainee
saw several assessors, those assessors scored the trainee more similarly. In addition, it was
noted that when using the construct-aligned scale that only 4 mini-CEX assessments (g =
.82) were needed to achieve a satisfactory reliability compared to 10 mini-CEX with the
standard scale (g = .80).
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A pilot and feasibility study to determine if EPAs could be used to assess IM residents
identified that trainees and assessors found this scale useful for learning and feedback but
concluded that significant barriers to participation made using EPAs challenging to
implement [Hauer, 2013].

The impact of a scale using both a conventional scoring scale and a novel scale based on the
need for direct or more distant supervision using EPA has been evaluated in Anaesthesia
trainees [Weller, 2014]. Reliability of assessments significantly improved with the new
scoring system based on whether direct or distant supervision was required. This work led
to a 9-point scale with three entrustability categories being used for NZ and Australia
Anaesthesia training: “Trainee needs assessor in the theatre suite”; “Trainee needs assessor
in the hospital”; and “Trainee could manage this case independently and does not require
direct supervision”. Using an online database from the Australia and New Zealand College of
Anaesthesia it was shown that to achieve a G-coefficient of > 0.8 only 24 assessments were
needed compared to previous work which demonstrated that over 100 assessments were
needed [Weller, 2017].

These studies highlight that the scale initially developed for the mini-CEX may be less than
ideal. A move to a scale which uses descriptors of entrustability is feasible and deliverable
in Anaesthesia training. Using an entrustability scale will improve the reliability of the miniCEX as an assessment tool and reduce the number of assessments for a trainee.

Combining the mini-CEX with other Workplace Based Assessments.
Many postgraduate programmes use several WBA tools when making a decision on
whether to accredit a trainee. For example an UK study highlighted that the mini-CEX, MSF,
and DOPS are used to assess the performance of IM specialties and that these were reliable
and feasible tools [Wilkinson, 2008]. Two papers are of note when considering this and
these will be discussed in detail.
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The separate and composite reliability of the mini-CEX, MSF and DOPS were evaluated in
953 residents across multiple specialties using G-theory with 7467 mini-CEX, 4765 DOPS and
547 MSF utilised for analysis [Moonen-Van Loon, 2013]. For reliable assessment of the miniCEX 8 assessments were required (2 mini-CEX g = .52, 4 mini-CEX g = .68, for 6 mini-CEX g =
.76 and for 8 mini-CEX g = 0.81). Nine DOPs and nine MSF were needed to exceed a Gcoefficient of 0.8. When combined, the number of assessments needed to achieve
satisfactory reliability was less (e.g. 7 mini-CEXs, 8 DOPS, and 1 MSF (g = 0.80) or 6 DOPS, 5
mini-CEX and 2 MSF (g = 0.81)). The study included trainees that could be first, second, third
or fourth year residents. When focusing on first year residents only 6 mini-CEX (g = 0.82), 6
DOPS and 6 MSF were needed to achieve satisfactory reliability when used individually and
again this number could be reduced when combining assessments (e.g. 5 mini-CEX, 6 DOPS
and 1 MSF (g = 0.81).

The reliability of WBA in an Obstetrics and Gynecology training program has also been
described [Homer, 2013]. A combination of 187 mini-CEX in Obstetrics, 142 mini-CEX in
Gynecology, 239 CbD in Obstetrics, 147 CbD in Gynecology and 2409 Objective Structured
Assessment of Technical Skills in nine procedures were used to evaluate trainees
assessments. Multi-level modelling and G-theory were used to determine the reliability of
these tools. Interestingly, this demonstrated a wide variation in the number of assessments
needed to achieve reliability for specific topics i.e. 4 assessments for the mini-CEX in
Gynecology were needed for a G > 0.8 and more than 10 for the mini-CEX in Obstetrics or 4
CdB in Gynecology were needed to achieve a satisfactory G-coefficient and 10 CbD in
Obstetrics. So we can see that the number of WBA to achieve a reliable assessment of
trainees varies for different assessments. And it may be that the number of assessment
needed for each tool may vary based on the subject.

Importantly, the paper by Moonen-Van Loon et al demonstrates that assessment tools can
be combined to reduce the overall number of tests needed for reliable assessment although
a little surprisingly, less assessments were needed in first year trainees. These studies
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highlight that it is possible to make summative decisions using a combination of assessment
tools and supports the use of the mini-CEX as a component of Programmatic Assessment
[Van der Vleuten, 2012], but when considering how they are combined some consideration
may been needed.

“The most powerful single moderator that enhances achievement is feedback.”
John Hattie. University of Auckland. 1999. Third Inaugural Professorial Lecture.

Feedback, a key benefit of the mini-CEX.
Feedback enhances learning and a strength of the mini-CEX is that feedback occurs
immediately and can be targeted to specific areas. The ability of the mini-CEX to offer the
trainee feedback was noted as an important component of the tool in the initial paper
[Norcini, 1995] and has been evaluated in more detail by a number of studies.

A prospective observational cohort study from USA that analysed audio-recordings of miniCEX sessions to determine the nature of feedback showed that 90% of sessions included
recommendations with learner reaction facilitated by assessors in 61% of assessments and
self-assessment from the trainee requested in 34% of sessions [Holmboe, 2004b].

Two early studies focused on the role of feedback when using the mini-CEX in Anaesthesia
trainees [Weller, 2009a; Weller, 2009b]. The initial studies showed a positive effect of
feedback and perceived a positive educational impact. In the written feedback fields of the
Mini-CEX form, 95% of specialists wrote comments under ‘things that the trainee did well’,
70% recorded comments in ‘areas for improvement’, and 60% wrote down an ‘agreed
action’. Trainees felt the mini-CEX facilitated feedback. A later study in done in Anaesthesia
trainees, after the entrustability scale was adopted, identified that a strength of the miniCEX was that it facilitated feedback [Castanelli, 2016].
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The theme, of the value of feedback, has been explored in other studies. The majority of
Nepalese doctors utilising WBAs noted that the immediate and specific feedback made the
mini-CEX useful [Butterworth, 2010]. However, two UK study have shown than although
there is potential benefit of the mini-CEX to provide feedback that trainees were not well
versed in its use, that the mini-CEX was often used incorrectly with direct observation of the
trainee not occurring and feedback not occurring or being poor [Jackson, 2010; Weston,
2014].

The quality of written feedback has also been evaluated. A Dutch study reviewed written
feedback in the mini-CEX and identified that although there was frequent reporting of
feedback there was less frequent reporting of reflection and rare reporting of action plans
[Pelgrim, 2012]. A Canadian showed that written feedback identified specific tasks for the
trainee in over half of assessments but less frequently gaps in the trainees’ performance
(4%) and action plans (14%) to address areas to improve [Gauthier, 2015]. A third study
from Taiwan identified that positive feedback occurred frequently (85.3%), however
suggestions for development occurred less frequently (54.8%) and an agreed action plan for
the trainees was also less common (29.5%) [Chang, 2017].

When considering why feedback is provided it is likely that assessor will also account for
how the feedback will impact on the trainee. A study from USA determined how feedback
was delivered and found that there was variability of techniques. The delivery of feedback
was tempered by what faculty thought the goal of the feedback was and how they felt
about providing feedback. It was highlighted that there was a balance between providing
both positive and negative feedback, the faculty considered the perception of the resident’s
insight, receptivity, skill and potential. The faculty member and resident relationship and
context of providing feedback were also consider important [Kogan, 2012].

These studies demonstrate that the mini-CEX is a valuable tool to provide feedback to
trainees. The feedback component is perceived as a positive educational benefit by both
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assessors and trainees. How feedback is delivered is quite variable. Assessors consider how
the feedback will impact on the trainee. The quality of written feedback could be improved
and active involvement of the learner could occur more frequently.

Effect of the mini-CEX on those being assessed.
The effect of the mini-CEX on trainees has been evaluated and has been shown to be a
stressful process in Cardiology [Alves de Lima, 2005], Internal Medicine [Malhotra, 2008],
Dermatology [Cohen, 2009] and Anaesthesia trainees [Castenelli, 2016].

So the papers on feedback indicate that trainees and assessors recognise that the
assessment process and that feedback is of benefit, however, these studies highlight that
the mini-CEX is likely to produce anxiety which may impact on performance.

The Mini-CEX for assessment in medical disciplines.
The initial development and descriptions of the mini-CEX focused on its use in the
assessment of IM trainees and the majority of studies are in the setting of IM with some in
Anaesthesia. The mini-CEX has been used in other medical specialties including: Primary
Care Physicians [Sidhu, 2009], Surgical trainees [Phillips, 2013; Joshi, 2017] although an
online survey in the UK suggested the mini-CEX was one of the least frequently used workplaced assessment tools [Phillips, 2015], Paediatric trainees [Singh, 2010; Goel, 2015; Khalil,
2017], Obstetrics and Gynecology trainees [Chandra, 2013; Homer, 2013], Ophthalmology
trainees [Kapoor, 2010] and IMGs [Nair, 2008].

The Mini-CEX in the wider health care community.
The use of the mini-CEX as an assessment tool for health care professionals has also been
described in social workers [Bond, 2017], chiropractors [Paravicini, 2015], nurses [Milner,
2014], ayurvedics [Sadanand, 2013], midwives [Sweet, 2013], veterinarians [Weijs, 2015;
Bok, 2016], dentists [Behere, 2014] and osteopaths [Moore, 2016; Vaughan, 2016] and
highlights its benefits as an education tool.
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Assessment tools based on the Mini-CEX.
A variety of assessment tools have been developed based on the mini-CEX. In general these
tools share common characteristics. They are: 1.) workplace based assessments, 2.) timeefficient, 3.) identify specific behaviors, 4.) assess these behaviors using a Likert scale and
5.) provide immediate feedback to the person being assessed based on the evaluation. The
development of these tools highlights the utility of the mini-CEX in medical education.

These can be divided into tools that are specialty specific or focused on specific behaviours
and clinical scenarios. Examples of specialty specific tools include the Clinical Evaluation
Exercise for Emergency Medicine [Shayne, 2002], the Ophthalmic Clinical Evaluation
Exercise [Golnik, 2004; Golnik, 2005], the Palliative Care Clinical Evaluation Exercise [Han,
2005] and Neurology Clinical Skills Examination [Schuh, 2009; London 2013]. Adaptations of
the mini-CEX to focus professional behaviours include the Professionalism Mini-Evaluation
Exercise [Cruess, 2006; Tsugawa, 2009; Tsugawa, 2011; Bajwa, 2017], the Teamwork MiniClinical Evaluation Exercise

[Olupeliyawa, 2014; Olupeliyawa, 2014] and the Hand-Off

Clinical Evaluation Exercise [Farnan, 2009; Horwitz, 2013; Arora, 2014].

3.2 The mini-CEX in Undergraduate Medical Education.
First description of the mini-clinical evaluation exercise in medical students.
The initial description of the mini-CEX in undergraduate assessment was in a core IM
clerkship at the University of California, USA [Hauer, 2000]. The mini-CEX used a nine-point
scale with evaluation of overall clinical competence and the student’s history, physical
examination, clinical judgment, and humanism with a single assessment for each student
using only patients in hospital. It was recognized that the reproducibility of a single
encounter was limited and thus the assessment did not contribute to the students’ grade.
The benefits noted were that faculty could observe and provide feedback to students and
potentially more easily identify students who would require remediation.
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Feasibility, validity and reliability of the mini-CEX in undergraduate programmes.
The mini-CEX was used in a six-week inpatient and three-week outpatient medicine
clerkship in July 2001 at the University of Pennsylvania, USA [Kogan, 2002]. Students were
each asked to complete nine mini-CEX of which three had to be assessed by faculty, three
by residents and three by outpatient Physicians. A nine-point scale assessing overall clinical
competence and six sub-competencies (interviewing, physical examination, professionalism,
clinical judgment, counseling, and organization) was used. In the study 32 students
performed 232 mini-CEX (mean of 7.3, range 2-9 mini-CEX) with a completion rate of just
over 80%, establishing the feasibility of performing multiple assessments.

The University of Pennsylvania, USA published more details of use of the mini-CEX in an IM
clerkship [Kogan, 2003]. A nine-point scale assessing overall clinical competence and six
sub-competencies as described above was used. Students were each asked to complete
nine mini-CEX and 162 medical students who had 1297 mini-CEX were included. A mean of
7.9 min-CEX (range 2-10) were done per student with a completion rate of 89%. Residents
spent significantly longer than Physicians assessing students (residents mean time
22minutes, outpatient faculty mean time 19 minutes, inpatient faculty mean time 17
minutes; p < .01). The mean mini-CEX scores were lowest in the first quartile of the
academic year and significantly increased through the year (first block mean = 7.4 +/- .6,
second block 7.7 +/- .6, third block 7.8 +/- .6, fourth block 7.9 +/- .6; p < .01). Each student
also undertook subject exams, case write up and had summative assessments by clinical
staff for the rotation. The mini-CEX score was compared to these other assessments and a
significant correlation was demonstrated. Reliability increased with the number of assessors
(g = 0.62 for four raters, g =0.7 for six raters and g = 0.77 for eight raters).

The mini-CEX was adapted for use at the University of Southampton, UK and introduced
into the undergraduate curriculum in 2004 [Hill, 2007]. Final year students were asked to
undertake three mini-CEX in clinical attachments of Child Health, Medicine, Mental Health,
Obstetrics and Gynecology, and Surgery and this replaced a long case assessment. In total
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2340 assessments were completed by 156 students in the 2004/2005 year. A nine-point
scale was used in the first year of implementation (1-3 unsatisfactory, 4-6 satisfactory, 7-9
superior), and then changed to a six-point scale (1 – 2: below expectations; 3: borderline; 4:
meets expectations; 5-6 above expectations) following feedback from students and
assessors and it was demonstrated that it was feasible to rapidly introduce this extent of
assessment.

The validity and reliability of the mini-CEX at the University of Southampton, UK was
described in more detail [Hill, 2009]. There were 3499 mini-CEX encounters included in 326
students by 813 examiners who were either consultants and specialist registrars, across five
specialties with a nine-point scale used in the first year of implementation, and then
changed to a six-point scale as described above. A high degree of internal consistency was
noted. The mean scores between attachments varied significantly and it was noted that
consultants rated students more stringently than specialist registrars (consultant mean 4.35
+/- .62, specialist registrar 4.50 +/- p < .01). Cases which were more complex were scored
highest (low complexity mean score 4.17 +/- .64, medium complexity mean score 4.40 +/.59, high complexity mean score 4.50 +/- .62; p < .01). G-theory was used to determine that
examiner stringency contributed to variation on the score (29%). The aptitude of the
students for the attachment was determined to contribute 13% to score variation. Of note
the reliability of the scores increased with the number of encounters. Within attachments
for two mini-CEX g = 0.31, for 11 encounters g = 0.71.

In a further study from the University of Pennsylvania, USA, students were asked to
complete 8 formative mini-CEX during an twelve-week Internal and Family Medicine
rotation [Ney, 2009]. The mini-CEX used a nine-point scale that assessed overall clinical
competence and six sub-competencies (interviewing, physical examination, professionalism,
clinical judgment, and counseling). In addition, students had to complete a Medicine
Standardised Patient exam at the end of their Medicine rotation and a further end-of-year,
Multidisciplinary Standardised Patient exam. Satisfactory reliability was achieved with 8
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assessments (g = 0.90) and there was correlation between overall mini-CEX grade and the
Medicine Standardised Patient and the Multidisciplinary Standardised Patient exam.

The mini-CEX, was used as part of a suite of assessments in a Psychiatry clerkship at
Kaohsiung Medical University, Taiwan with 196 medical students completing a 4 week
clerkship with evaluation comprising of a mini-CEX, a multiple choice question test, and a
standardised patient evaluation [Wang, 2011]. There was a weak but significant positive
relationship between the multiple-choice examination and standardised patient score and
the score of the overall clinical competence in the mini-CEX.

A study from the Rural Clinical School of Western Australia, Australia evaluated the miniCEX over a three year study period and across multiple disciplines [Playford, 2013]. Of note
a modified 8 point scale was used where 0, 3 and 4.5 were a substandard interaction, 5.5 a
clear pass, 6.5, 7.5, 8.5 were scores for increasing competence and 10 for a flawless
interaction with 5686 formative and summative mini-CEX assessments included in the
study. A progressive and significant increase in the average score over the course of the
academic year was demonstrated (February mean score 6.74, June mean score 7.54,
October mean score 7.72; p < .01). Junior doctors awarded higher grades than General
Practitioners which were higher than Specialists (Junior medical officer mean score 8.22 +/.10, Registered medical officer mean score 7.71 +/- .08, General Practitioner mean score
7.47 +/- .03, Specialist mean score 7.08 +/- .05; f = 146.6; p < .01). Students with more
complex cases received higher marks that students with the least complicated cases (f =
33.3; p < .01).

Two types of clinical assessments, the OSCE and mini-CEX, were compared in a study from
the University of Bern, Switzerland [Rogausch, 2015]. In this setting the mini-CEX was
modified to have a 10 point scale (1 great need of improvement, 10 little need of
improvement) and evaluated overall assessment and subcompetencies of history, physical
exam, counselling, clinical reasoning, organisation, and professionalism. At the end of year
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three of a six year curriculum all medical student at the University of Bern take part in a
mandatory 9 station OSCE. In the study Year 4 students performed 1773 mini-CEX assessed
by 512 trainers. Feasibility was good with 92% of students completing the required 11 miniCEX for the year. OSCE scores only showed a weak correlation with the overall score of the
mini-CEX (r = .26) and the mean domain scores (r = .27). Interestingly, mini-CEX scores did
not improve through the course of the year. When grouping the students into tertiles for
the OSCE, the mini-CEX scores for students from the low-performing OSCE group were
lower but not significantly so compared to the high-performing OSCE group (r = -0.13, 95%
confidence interval -0.33 to 0.078). The mini-CEX scores for overall clinical performance for
students from the medium-performing OSCE group were significantly lower compared to
the high-performing OSCE group (r = -0.18, 95% confidence interval -0.33 to -0.038; p < .05).
The seniority of the assessor was evaluated and it was determined that Residents gave
significantly higher mini-CEX scores that Heads of Departments (r = .55, 95% confidence
interval .26 to .84; p < .01) but there was no significant difference between Residents and
Senior Physician, nor Senior Physicians and Heads of Department. The clinics where training
occurred were arbitrarily classified, based on the number of student who completed a
clerkship annually, as small (less than 15 students/year), medium (16-30 students/year),
and large (> 30 students/year). Smaller clinics assigned statistically higher marks than large
clinics (r = -0.25, 95% confidence interval -0.48 to -0.019; p < .05), with no difference seen
between small and medium and medium and large clinics.

The mini-CEX was introduced into third year clinical rotations at the Rutgers Robert Wood
Johnson Medical School, USA [Kim, 2016]. The mini-CEX form was modified in three ways to
promote direct learning. First, the ‘’not observed’’ notation was removed and it was a
requirement for medical interviewing and physical examination to be observed. Secondly,
specific clinical systems were required to be assessed e.g. the gastrointestinal system in the
Surgical rotation etc. Thirdly, an area was provided for the student to confirm that specific
suggestions for development were made. Multiple assessments were required during each
clerkship with a minimum number by faculty and additional assessments by residents.
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There was a high completion rate of forms with 92% of the required mini-CEX submitted.
The rate of specific feedback varied between specialties: Surgery 70%, IM 88%. No other
changes in the curriculum were made but of note the pass rate for the end of year observed
clinical skills examination rate significantly improved after the mini-CEX requirement was
introduced (where 118 of 121 student versus 100 of 114 students passed, p < .01).

A high feasibility for using the mini-CEX to assess medical student is consistently
demonstrated by these studies [Kogan, 2003; Hill 2007; Hill 2009; Playford, 2013; Rogausch,
2015; Kim, 2016]. Assessments can be performed both by junior and senior medical staff,
however, it is consistently noted that grade assigned by junior medical officers are lenient
or perhaps the scores awarded by senior medical officers are more stringent [Hill, 2009;
Playford, 2013; Rogausch, 2015]. The tool can be used in multiple disciplines and across
multiple settings both in hospital and in the community [Hill, 2007; Ney, 2009; Playford,
2013; Rogausch, 2015; Kim, 2016].

Construct validity for the mini-CEX is supported with an improvement in grades through the
academic year [Koogan, 2003; Playford, 2013]. Concurrent validity is suggested by the
correlation with other clinical assessments [Koogan, 2003; Ney, 2009; Wang, 2011].
However, it should be noted that one study did question both the construct and concurrent
validity with variable correlation between clinical performance in the OSCE and of mini-CEX
scores and lack of improvement in scores through the clinical year [Rogausch, 2015]. The
mini-CEX was shown to have predictive validity by showing that performance on the miniCEX has a small, but modest, correlation with overall future clinical skills performance [Ney,
2009].

Reliability was achieved with eight to eleven mini-CEX suggesting that in the undergraduate
setting a similar number of assessments are needed to that seen in the postgraduate setting
[Kogan, 2003; Hill, 2007]. In the undergraduate setting, we see similar factors to those seen
in the postgraduate setting, contributing to variance. Internal factors such as the students’
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aptitude for the attachment, and external variables such as examiner status; the complexity
of the case, the attachment specialty and the size of the institution which trains the
students contribute to variance [Hill, 2007; Rogausch, 2015].

Provision of feedback to medical students during the mini-CEX.
Engaging the student with feedback has long been recognized as a powerful tool to
stimulate learning [Ramaprasad, 1983, Sadler, 1989]. The role of feedback for the mini-CEX
in undergraduate education has been evaluated by a number of studies.

Several papers have identified that students and assessors who use the mini-CEX perceive
that it provides a forum for and increases feedback [Dewi, 2010; Pernar, 2011; Suhoyo,
2014, Sudarso, 2016, Yanting, 2016].

Evaluation of the written feedback in the mini-CEX of undergraduates has been determined.
A paper from the University of Aberdeen, UK found that in 22.7% of cases the positive
aspects were not identified in 28.2% of cases no suggestions for development were
identified and in 49.7% of cases no plan of action was made.

[Fernando, 2006]. A

qualitative study from Monash University, Australia that explored feedback found that 20%
of cases there was no comments related to performance. Of the 80% that did have
feedback the majority of feedback affirmed the students’ performance with only 5.2%
having feedback that provided directed goals to improve clinical performance [Harvey,
2013]. A third study form the University of Bern, Switzerland found that although learning
needs were identified in 65% of cases these were linked to a learning goal in only 38% of
cases [Montagne, 2014].

Thus we see that both students and assessors view a strength of the mini-CEX as its ability
to provide appropriate and timely feedback. However, the literature also highlights that
there is a gap in the written feedback provided. Of course, the written feedback does not
account for verbal feedback that hopefully the assessor will have provided. Feedback that is
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immediate is more effective than feedback that is delayed. However, the opportunity to
reflect and consider documented feedback is also useful. The lack of this may represent a
missed opportunity to enhance the learning for the student.

Electronic format for the mini-CEX.
It was postulated that the uptake of the mini-CEX may not be extensive because it is
cumbersome as a paper-based tool [Torre, 2007]. Use of mobile technology to perform
WBAs offers potential benefits in freedom and flexibility of the learning environment.
However, it may or may not be easy to access in an environment where Information
Technology access may be challenging.

Third year medical students were asked to perform 2 mini-CEX during an IM clerkship using
personal digital assistants (PDAs) at the Medical College of Wisconsin, USA [Torre, 2007].
Feasibility was demonstrated with 100% of required assessments completed. The PDA was
used both inpatients and outpatients and satisfaction with the PDA was high. A randomised
trial to compare PDAs to paper forms for the mini-CXE was designed in McMaster
University, Canada but could not be completed as students were unwilling to use the device
[Norman, 2008]. A report from the University of Leeds, UK of a study that used PDAs to
record the mini-CEX in final year medical students undergoing a remediation program had a
high rate of use with only minor problems reported [Fuller, 2009]. A further study from the
Medical College of Wisconsin, USA comparing paper-based and personal digital assistants
for the mini-CEX and the reliability of both formats were similar [Torre, 2011]. Interestingly,
the time taken to perform both the observation and the feedback time were significantly
shorter using the paper form. Both formats were acceptable, however, faculty were
significantly more satisfied using the paper form, residents more significantly satisfied using
the digital form and students had no preference.

Thus, variable results exist in the literature about the benefits of the use of personal digital
assistants. The studies by Torre et al and Fuller et al showed that a personal digital
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assistants-based mini-CEX was feasible whereas the study by Norman et al suggested
otherwise. Paper based forms are used at the University of Auckland.

Assessors view of the mini-CEX in Undergraduate education.
A study from the Vrije University Medical Center School of Medical Sciences, Netherlands
explored faculty perceptions in performing workplace based assessments to better
understand challenges in providing feedback [Daelmans 2016]. Fifty five members of the
faculty undertook active discussions with the study authors. A number of issues were
highlighted including that the clinical clerkships were too short to allow adequate time for
observing the student, that the student choose the time to undertake the mini-CEX, the
student focused on the grade received rather than the feedback, the form had too little
space for narrative feedback, there was a conflict between the grading of the student which
comments on the quality of teaching; and that by failing a student this created more work.

Training of Assessors.
A few studies have assessed how to train undergraduate assessors. A study from the
University of Auckland, NZ used an online format and videotaped scripted performances to
train General Practitioners in summative assessment with the mini-CEX. Using intraclass
correlation good reliability was demonstrated [Eggleton, 2016]. A paper from the University
of Cork, Ireland described using two bespoke video recordings and a 2 hour workshop to
train General Practitioner assessors. The majority of participants felt the workshop was
useful but it did not alter variance [Walsh, 2017].

3.3 Summary and Conclusions.
The mini-CEX is a widely used evaluation tool created to assess postgraduate trainees in the
workplace. It was originally developed with a nine-point rating scale with three levels of
performance: unsatisfactory (1-3), satisfactory (4-6) and highly satisfactory (7-9). In the
postgraduate setting the tool provides an overall assessment of the trainee as well as a
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number of subcompetencies. Initially the tool evaluated four specific aspects of a trainee’s
performance but this was subsequently expanded and now includes areas such as history
taking, physical examination, professional qualities, counselling, clinical judgement and
organization. Scores are assigned to each of these aspects of performance however studies
have shown these are closely related and it has been observed that these represent a global
measure of competence.

A number of studies have evaluated validity of the mini-CEX and have demonstrated
criterion, content and construct and support a validity argument for the use of the mini-CEX
as an assessment tool.

Multiple encounters are needed for a reliable assessment of the postgraduate trainee, with
the number needed to achieve satisfactory reliability variable between specialties. Sources
of variance in the assessment relate to the examiner and the case seen as well as the ability
of the trainee. Variance related to examiner factors have been explored in some detail with
a number of studies, but not all, showing that more experienced examiners are more
stringent in their ratings. Some studies have shown that stringency of the examiner relates
to their own competence and thus possibly the expectation of the examiner. Examiners give
weight to different aspects of the mini-CEX and this also may lead to differences in ratings.
The previous performance of the trainee may introduce contrast bias and influence the
mark awarded to subsequent trainees. How this would impact on the mini-CEX, where
assessments are not generally conducted sequentially and occur more ad-hoc is unclear. It
has been shown that examiners make social judgements about trainees and that this may
also influence rating, however, these studies were conducting in a somewhat artificial
manner involving videotaped performances and whether they would have the same effect
when an assessor is observing a trainee is unclear. Interestingly, training of examiners has
not consistently been shown to reduce variance. Variance related to case factors has also
been explored; cases that took longer to complete and cases that were more complex were

44

associated with higher scores. Adopting a scale that uses descriptors of entrustability may
also reduce variance.

A strength of the tool is that immediate feedback is provided and this is viewed positively by
both trainees and assessors. Studies have consistently indicated that the feedback given to
trainees is insufficient, however, it has been shown that examiners are cautious when
delivering feedback and consider the impact that the feedback may have on trainees. The
mini-CEX is stressful and generates anxiety for trainees. Written feedback offers an
opportunity for the trainee to reflect and consider their performance but is not fully utilised
with gaps in learning and action plans not well completed.

The work by Moonen-van Loon et al, highlights that the mini-CEX may be combined with
other workplace based assessments to evaluate the postgraduate trainee and that by
combining assessments it is possible to reduce the number of assessments needed to
effectively assess the trainee.

A number of studies have demonstrated that the mini-CEX is feasible to implement as an
assessment tool for undergraduate medical students. As a workplace based assessment the
mini-CEX provides the student with a more authentic assessment than an OSCE station or
evaluation of a simulated standardised patient. As we increasingly utilise assessment for
learning, it can be seen that by using the mini-CEX as an assessment tool we encourage the
student to develop and integrate clinical skills with a focus on patient evaluation.

In the postgraduate setting, only a single study has evaluated scale length, and did not
demonstrate any difference between a nine-point and five-point scale [Cook, 2009b]. The
initial reports of the mini-CEX in the undergraduate setting used a nine-point assessment
scale with an overall assessment of the students’ performance and a number of
subcompetencies. Subsequent studies have used both shortened [Hill, 2009] and expanded
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scales [Rogausch, 2015]. This suggests that the scale length may not be important in the
undergraduate setting.

There is less support for a validity argument for the use of the mini-CEX as an
undergraduate assessment tool with conflicting results in the literature. The work of
Rogausch et al questions whether the inference which links the assessment score with the
interpretation of the score occurs. This is regarded as the most important step using Kane’s
validity framework. [Cook, 2015].

Reliability was achieved with eight to eleven assessments. Variance is again influenced by
the examiners, case and the students’ ability. Training of examiners did not reduce variance.
External variables such as the attachment specialty and the size of the institution also were
found to contribute to variance. Examiners do not appear to assess different aspects of the
students’ performance separately; only one factor accounted for variance in the different
aspects assessed in the mini-CEX.

The mini-CEX is valued for promoting prompt and targeted feedback and provides an
appropriate segue for the supervisor to provide feedback on how the student can develop.
However, we still see gaps in the written feedback provided to students.

In the University of Auckland MBChB context two mini-CEX are being assessed in Year 4.
These assessments occur at different clinical sites, with medicine and specialty medicine
taught and practiced in slightly different ways across the sites. The literature suggests that a
greater number of assessments are needed. I was interested to determine if, with only two
evaluations, any particular group of students would be disadvantaged or if there was any
difference in mini-CEX scores between the clinical sites and this is evaluated in Chapter 4.

The work by Moonen-van Loon et al, highlights that as a component of postgraduate
assessment the number of evaluations can be reduced when combined with other
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assessments. In Year 4 the two mini-CEX are used as part of a programme of assessment,
combined with OSCE stations and the alcohol and drug assessment to the evaluate clinical
and communication skills. However it is unclear if we have the correct “cocktail of
assessments”. In Chapter 5 I will evaluate the mini-CEX in the context of programmatic
assessment.
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Chapter 4 - The mini-CEX in Year 4 Medical Students at the University of
Auckland.
4.1 - Introduction.
The literature suggests that eight or more mini-CEX assessments are needed for the tool to
be reliable. However, in the University of Auckland it is being used twice, in Year 4, as
students are starting their clinical training. A number of studies have shown that variance in
grade is influenced by the rater and by the case [Margolis, 2006; Wilkinson, 2008; Weller,
2009a; Hill, 2009; Alves de Lima, 2013]. The impact of the difficulty of an individual case or
the stringency of an individual rater is minimised by increasing the number of cases and
assessors [Margolis, 2006].
In Year 4 the students are assessed twice, in their General Medicine rotation and in their
Specialty Medicine rotation. I was interested in determining how the mini-CEX was being
used in the University of Auckland and whether there was any difference between the miniCEX in the two clinical rotations.
Places in medical schools are limited. Students entering the University of Auckland medical
school have a number of potential routes of admission with selection based on a
combination of academic merit and personal qualities. Candidates may either be first year
or graduate entrants. The first year or graduate candidate may enter via the general
admission scheme, Regional Rural Admission Scheme (RRAS), Māori and Pacific Admission
Scheme (MAPAS), Undergraduate Targeted Admission Scheme (UTAS) or be an
International student. I was interested to determine, whether, any particular group may be
significantly disadvantaged by this.
Students in Year 4 undertake attachments at six different clinical sites. Rotorua Hospital
(233 beds) and Tauranga Hospital (360 beds) are smaller teaching sites than Waikato, South
Auckland, Waitematā, and Auckland (673 beds, 745 beds, 953 beds, and 1124 beds
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respectively) [Ministry of Health, 2018]. As previously highlighted the way the Specialty
Medicine and General Medicine are delivered is different between these hospitals. In a
larger hospital, such as Waitematā, there is a dedicated renal service, where Year 4 students
are exposed to inpatients with acute kidney injury, chronic kidney disease and end stage
kidney disease and attend clinics for patients who have received a renal transplant. In
Tauranga there is a visiting renal service and patients who need in-hospital care are
transferred to Waikato Hospital, hence no renal rotation is offered.
In the postgraduate setting the original paper describing the mini-CEX was undertaken
across 5 residency programmes in Pennsylvania. Detailed descriptions of these programmes
were not provided, however, it was noted that in terms of mini-CEX scores there were no
significant differences between programmes [Norcini, 1997]. A larger study included 21
postgraduate programmes, and described that there were a range of examiners, residents
and mini-CEX encounters but did not evaluate if there were any differences between the
programmes [Norcini, 2003]. In the undergraduate setting, work from the University of Bern
identified that smaller sites awarded statistically higher marks to students than larger sites. I
was thus interested to determine if the differences in scores awarded for the mini-CEX may
be apparent between University of Auckland clinical training sites.

4.2 - Aim.
The overall aim of this chapter was to explore in detail how the mini-CEX was being used in
Year 4 students at the University of Auckland. The specific research questions to address to
evaluate this were:

1.) To understand how the mini-CEX in being used in Year 4 students at the University of
Auckland.
2.) To determine if there were any differences in scoring for the mini-CEX in General
Medicine and Specialty Medicine rotations.
3.) To evaluate the measurement characteristics of the mini-CEX.
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4.) To determine any variation in grade achieved in the mini-CEX based on demographic
variables, entry scheme into the medical school or the clinical teaching site.

4.3 - Ethical Statement.
Ethical approval for this component of the thesis was granted by the University of Auckland
Human Participants Ethics Committee (Ref 020974).

4.4 - Methods.
Deidentified data from Year 4 medical students enrolled between 2013 and 2017 (inclusive)
in the University of Auckland MBChB programme was extracted from the Medical
Programme Directorate and Department of Medicine databases.

Demographic data obtained included the year that the student undertook Year 4 (2013,
2014, 2015, 2016, 2017), gender (female, male), entry route to medical school (General,
RRAS, MAPAS, UTAS, International), graduate status (undergraduate, graduate) and clinical
teaching site where the student spent the year (Waitematā, Auckland, South Auckland,
Waikato, Rotorua, Tauranga).

Review of individual mini-CEX forms from students in the 2013 and 2014 cohort was
undertaken as scores for the subcompetencies of History taking/Communication Skills,
Physical

Examination

Skills,

Clinical

Judgement/Reasoning

and

Humanistic

qualities/Professionalism were not recorded in the Medical Programme Directorate
database for 2013 and 2014 but was available for 2015, 2016 and 2017. Not all the forms
were available and some had incomplete data, however, where available the information
on subcompetencies was recorded. In addition, data from the 2013/2014 cohort was
obtained about the assessor, their seniority (SMO, RMO), the time the assessor spent with
the student, the setting of the assessment (inpatient, outpatient, acute), the age, gender
and main problem of the patient, and the case complexity.
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The marks for the General Medicine and Specialty Medicine mini-CEX were recorded
including the overall grade and scores for the subcompetencies of

History

taking/Communication Skills, Physical Examination Skills, Clinical Judgement/Reasoning and
Humanistic qualities/Professionalism from the Medical Programme Directorate database.

Statistical Analysis.
Data was analysed using Statistical Package for the Social Sciences (SPSS) version 25 (IBM
Corp, Armonk, NY, USA).

Descriptive statistics including mean, mode and standard deviation were determined for the
mini-CEX grades.

A paired t-test was used to compare the age of the patient seen, complexity of cases and
duration of the mini-CEX in General Medicine and Specialty Medicine. A one-way analysis of
variance (ANOVA) was used to compare different complexity with a p value of < .05
considered significant. To compare the overall score in the General Medicine and Specialty
Medicine mini-CEX Pearson’s χ2 test and regression analysis was performed.

Principal component analysis using varimax rotation was undertaken to evaluate
dimensionality of the mini-CEX. The Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy and Bartlett’s test of sphericity were determined to evaluate the suitability of the
data for structure detection with a KMO of greater .70 and a Bartlett’s test of sphericity less
than .05 considered appropriate [Field, 2013].

The Mann-Whitney U test and ANOVA was used to compare scores for different student
groups, with a p value of < .05 considered significant. The effect size was calculated using a
cutoff of 0.1 for a small effect, 0.3 for a medium size and 0.5 for a large size.
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Finally, multivariate analysis of variance (MANOVA) using the General Medicine and
Specialty medicine overall mini-CEX scores as dependent variables and cohort, gender,
graduate status, entry scheme, and clinical site as independent variables was conducted
with a Wilks' lambda of < .05 considered significant.

4.5 - Results.
4.5.1 - Study Population.
A total of 1203 Year 4 students were included in the analysis. There were more female (634)
than males students (569) enrolled in the programme. The majority of students, 723, were
admitted via the general admissions scheme, 222 were admitted under the MAPAS, 165
students were admitted under the RRAS, 91 were International medical students and 2
admitted under the UTAS. There were more undergraduates (911) than postgraduate
students (292) (Table 4). The majority of students had clinical rotations in the greater
Auckland metropolitan region (Table 4). Of note, in 2013, the Waikato clinical site had
students who undertook some clinical attachments in Rotorua. However, the students that
undertook mini-CEX assessments in Rotorua could not be identified and information from
these students were analysed as part of the Waikato cohort. From 2014 onwards Year 4
students were able to spend the entire year in Rotorua. In 2015 Year 4 students started in
training in Tauranga.

52

Table 4 - Demographic details of Year 4 medical students.
Demographics/Years
2013
2014
2015
2016
2017
Total
Number of Year 4 Students
202
236
234
251
280
1203
Gender Females
105
124
111
143
151
634
Admission Scheme
General
128
136
147
140
172
723
MAPAS*
38
51
40
51
42
222
RRAS^
20
30
31
40
44
165
International
16
19
16
20
20
91
#
UTAS
0
0
0
0
2
2
Graduate Status
Undergraduate
161
174
186
187
203
911
Graduate
41
62
48
64
77
292
Clinical Site
Waitematā
49
54
45
46
54
248
Auckland
76
78
59
71
73
357
South Auckland
58
57
61
64
72
312
Waikato
19¥
36
35
35
46
171
Tauranga
0
0
22
23
24
69
Rotorua
0
11
12
12
11
46
*MAPAS - Māori and Pacific Admission Scheme (MAPAS)
^RRAS - Rural regional admission scheme
#
UTAS - Undergraduate targeted admissions scheme
¥
Some Year 4 students from Waikato did clinical rotations in medicine at Rotorua in 2013

4.5.2 - The mini-CEX in Year 4 Medical Students at the University of Auckland.
In total 2394 mini-CEX were completed by 1203 Year 4 students between 2013 and 2017:
1196 in general medicine and 1198 in specialty medicine.

Of the 1196 mini-CEX that were completed during the General Medicine rotation 1 student
failed the mini-CEX, 14 received borderline performance, 900 passed the mini-CEX and 281
received a distinction. Of the 1198 mini-CEX were completed during Specialty Medicine
rotations 3 students failed the mini-CEX, 18 received borderline performance, 911 passed
the mini-CEX and 266 received a distinction.

4.5.3 - Research Question 1: The mini-CEX in Year 4 students at the University of
Auckland.
In total, 438 students undertook the Year 4 course in 2013 and 2014. The mini-CEX forms
were that were available from 2013 and 2014 were individually reviewed.
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Assessors
The assessor was documented in 380 mini-CEX forms in General Medicine and 389 mini-CEX
forms in Specialty Medicine. The 2013 and 2014 Year 4 students were assessed by 254
people: 25 people performed mini-CEX assessments in both General and Specialty
Medicine, 106 in only General Medicine and 123 in only Specialty Medicine. Over the two
year period, individual assessors undertook between 1 and 21 mini-CEX (range 1-18 miniCEX in General Medicine 1-18, and range 1-21 mini-CEX in Specialty Medicine), with 90
assessors performing 1 assessment, 59 assessors performing 2 assessments, 27 assessors
performing 3 assessments and 28 assessors performing 4 assessments in the two year
period (Figure 3). Thus, we see the majority of assessors are performing less than 2
assessments per year.
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Figure 3 - Number of mini-CEX assessments undertaken by assessors 2013-2014.

Regarding the seniority of the assessor: 148 assessments were performed by RMOs and 621
by SMOs. Of these 327 SMO and 53 RMO performed the General Medicine mini-CEX and
294 SMOs and 95 RMO performed the Specialty Medicine mini-CEX. Using the paired t-test
it was more likely for students to be assessed by RMOs in the Specialty Medicine min-CEX
than the General Medicine mini-CEX (t (338) = -3.96, p < .01).
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Duration
The duration of observing the student ranged from 3 to 120 minutes. The mean duration for
all assessments was 23.5 minutes (n = 657, median 20.0 minutes, range 3 - 120 minutes,
interquartile range 15 - 30 minutes). Using a paired t-test it was determined that there was
no significant difference in the time spent observing students in the General Medicine miniCEX and the Specialty Medicine mini-CEX (t(328) = 1.96, p = .05). However, it can be seen
that there is a wide range in the time assessors spend with the students.

Patients
The majority of mini-CEX assessments, 84%, were on inpatients. A further 10% were
undertaken on outpatients and 6% were acute assessments, undertaken in the Emergency
Department (644 patients inpatient, 77 outpatient and 45 acute assessments). The patients
ranged in age from 15-97 years, mean 63.5 years. Male patients were 58.2% (n = 431) and
41.8% (n = 303) were female. Using a paired t-test it was determined that patients
participating in the General Medicine mini-CEX were significantly older than those seen in
the Specialty Medicine mini-CEX (66.2 years +/- 18.0 versus 60.2 +/- 17.6 years, t(292) =
4.50, p < .01). For 310 students the gender of the patient was recorded for both
assessments. Using the paired t-test there was no significant difference in the General
Medicine mini-CEX or Specialty Medicine mini-CEX (t (310) = -0.31, p = .76).

The patients’ clinical problem was categorised (by JdZ) by the main system recorded: 28.8%
were Respiratory, 27.7% were Cardiology, 14.5% were Neurology, 7.9% were Infectious
Disease, 7.2% were Gastroenterology, 3.2% were Oncology, 2.8% were Rheumatology, 2.4%
were Renal, 2.4% were Dermatological and 0.8% Endocrinology. Thus, the students were
exposed to wide range of clinical problems.

The complexity of the patients’ problem was recorded for all of 2013, however, this
information stopped being recorded part way through 2014. The complexity of the case was
available for 210 students in the General Medicine mini-CEX, 236 students in the Specialty
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Medicine mini-CEX with 166 students having the complexity recorded for both assessments.
In total 4.9% of cases were low in complexity (22 patients), 74.4% were medium in
complexity (332 patients) and 20.6% were high in complexity (92 patients). Using a paired ttest there was no significant difference in the complexity of patients seen in the General
Medicine and Specialty Medicine mini-CEX (t(166) = .44, p = .66). Using ANOVA there was no
difference in the score assigned to the General Medicine mini-CEX based on the case
complexity (3.17 +/- .41 low, 3.19 +/- .42, medium, 3.24 +/- .44, high; F(2, 207) = .28, MSE =
.05, p = .76), nor the Specialty Medicine mini-CEX (3.00 +/- 0 low, 3.24 +/- .44, medium, 3.29
+/- .46, high; (F(2, 233) = 2.86), MSE = .54, p = .06).

Thus the students saw few easy cases, reflective of the case mix of patients currently seen
in hospital. They were asked to assess patients with a wide range of clinical complaints.
They were a little older in General Medicine but otherwise similar.

4.5.4 - Research Question 2: Comparing the Mini-CEX in General Medicine and Specialty
Medicine Rotations.
All 2,394 mini-CEX forms from 2013 to 2017 (inclusive) were used to calculate descriptive
statistics for the mini-CEX test scores. A four-point ordinal scale was used for the grades
assigned to overall clinical competence where 1 = fail, 2 = borderline performance, 3 = pass
and 4 = distinction.

Of the 1196 mini-CEX that were completed during the General Medicine rotation by 1203
Year 4 students, one student failed the mini-CEX, 14 received a borderline performance, 900
passed and 281 received a distinction. Using the four-point nominal scale the mean score
was 3.22 +/- .45 with a mode of 3 (Figure 4). Of the 1198 mini-CEX that were completed
during Specialty Medicine rotations, three students failed, 18 received borderline
performance, 911 passed and 266 received a distinction. Using the four-point scale the
mean score was 3.20 +/- .45 with a mode of 3 (Figure 4). Thus for both the General
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Medicine and Specialty Medicine mini-CEX most students received a pass with very students
failing over the entire 5 year period.

Figure 4 - Histogram plot of mini-CEX overall scores in General Medicine and Specialty Medicine.

The difference in the means was .02. Using the χ2 test there was a significantly higher score
in General Medicine than in Specialty Medicine (χ2 (2, n = 1195) = 25.06 p < .01). The effect
size was found to have weak or non-significant effect (ψ = .14; ψc = .08). Essentially the
same mark was awarded in General Medicine and Specialty Medicine.

A regression analysis was conducted with the General Medicine mini-CEX as the outcome
variable and the Specialty Medicine mini-CEX as the predictor. The results demonstrated
that the Specialty Medicine mini-CEX significantly predicted General Medicine mini-CEX
score with a small effect size (R2 = 0.004, standardised β = .07, p = .02). Thus, the students’
score in one assessment did not always align with those in the second assessment.

4.5.5 - Research Question 3: Measurement characteristics of the mini-CEX.
In addition to the overall score, four subcompetencies were assessed: History
taking/communications skills; Physical examination skills; Clinical judgement/reasoning; and
Humanistic qualities/professionalism. Again a four-point nominal scale was used for the
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grades assigned to these subcompetencies where 1 = major deficiencies, 2 = some
reservations, 3 = good and 4 = excellent.

Principal component analysis (PCA) was conducted to evaluate dimensionality for the
subcompetencies of both the General Medicine and Specialty Medicine. KMO = .71 and
significant Bartlett’s test of sphericity (χ2 (28) = 1328.14, p < .01) confirmed the sample
adequacy for PCA. For the General Medicine mini-CEX this revealed that a two-factor
solution explained 68.7% of variance. The overall communalities ranged from .56 to .99.
History

taking/communications

skills,

Physical

examination

skills

and

Clinical

judgement/reasoning load on the first component explaining 43.6% of variance while the
only Humanistic qualities/professionalism loaded on the second component adding 25.1%
of the total variance (Table 5). For the Specialty Medicine mini-CEX this showed that a single
factor solution explained 61.0% of variance with the overall communalities ranging between
.56 and .65 confirming unidimensionality of the test (Table 5). When combining the General
Medicine and Specialty Medicine mini-CEX, PCA showed a single factor solution explained
66.7% of variance (Table 5) with the overall communalities ranging between .47 and .76
confirming unidimensionality of the test with KMO = .80 and significant Bartlett’s test of
sphericity (χ2 (6) = 3372.74, p < .01) confirmed the sample adequacy. This suggests that
although we are assessing four items, that these closely correlate, and we may not be able
to discriminate between these components of the students’ ability.
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Table 5 - Loadings on principal components.
Mini-CEX subcompetencies/Components

1

2

General medicine mini-CEX History Taking /Communication Skills domain

0.78

-0.05

General medicine mini-CEX Physical examination skills

0.75

-0.05

General medicine mini-CEX Clinical Judgement/Reasoning

0.76

0.09

General medicine mini-CEX Humanistic Qualities/Professionalism

0.01

0.99

Mini-CEX General Medicine

Mini-CEX Specialty Medicine
Specialty medicine mini-CEX Humanistic Qualities/Professionalism

0.81

Specialty medicine mini-CEX History taking/Communication

0.79

Specialty medicine mini-CEX Clinical Judgement/Reasoning

0.77

Specialty medicine mini-CEX Physical examination skills

0.75

Mini-CEX Combined
Combined mini-CEX History taking/Communication

0.47

Combined mini-CEX Physical examination skills

0.71

Combined mini-CEX Clinical Judgement/Reasoning

0.74

Combined mini-CEX Humanistic Qualities/Professionalism

0.76

The model used Varimax rotation with Kaiser Normalization.

4.5.6 - Research Question 4: Variation in the mini-CEX based on student characteristics or
training site.
To better understand the scores awarded, the overall score for mini-CEX in General
Medicine and Specialty Medicine were determined for each of these variables: assessor,
gender, graduate status, cohort, entry scheme and clinical site.

Assessor
The mean score for SMOs who assessed the mini-CEX in General Medicine was 3.20 +/- .42
and the mean score for RMOs was 3.38 +/- .49. Using the Mann-Whitney U test the overall
score in the General Medicine mini-CEX was significantly higher from RMOs than SMOs
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(U(380) = 7148, Z = -2.76, p < .01). The mean score for SMOs who assessed the mini-CEX in
the Specialty Medicine was 3.19 +/- .41 and the mean score for RMOs was 3.34 +/- .48.
Using the Mann-Whitney U test the overall Specialty Medicine mini-CEX score was
significantly higher from RMOs than SMOs (U(389) = 11984.5, Z = -2.83, p < .01). When
combining the data for both the General Medicine and the Specialty Medicine mini-CEX the
mean overall score awarded by SMOs was 3.20 +/- .41, the mean score awarded by RMOs
was 3.35 +/- .48. Using the Mann-Whitney U test the overall score was significantly higher
from RMOs that SMOs ((U(769) = 38940, Z = -3.92, p < .01). However, the effect size was
found to be negligible (r < .01) suggesting that the student was not advantaged or
disadvantaged by the seniority of the assessor.

Gender
Using the Mann-Whitney U test the overall score for females students (mean 3.23 +/- .44)
did not differ significantly from males students (mean 3.21 +/- .46) in the General Medicine
mini-CEX (U(1195) = 1753000, Z = -.66, p = .51). However, the overall score for female
students (mean 3.24 +/- .45) was significantly greater than male students (mean 3.16 +/.45) in the Specialty Medicine mini-CEX (U(1197) =16654.5, Z = -2.78, p < .01). The effect size
was found to be negligible (r = .08). When combining the scores for both the General
Medicine and the Specialty Medicine mini-CEX the mean score for female students (mean
3.24 +/- .45) was significantly higher than for males students (mean 3.19 +/- .46) however,
the effect size was negligible (U(2394) = 683670, Z = -2.43, p = .02, r < .01). Overall, the
gender of the student did not have an important impact on their grade.

Graduate status
Using the Mann-Whitney U test the overall score for students who entered medical school
as undergraduates (mean 3.23 +/- .46) was the same as graduates (mean 3.20 +/- .42) in the
General Medicine mini-CEX (U(1195) = 127731, Z = - .87 p = .38). However, the overall score
for graduates (mean 3.26 +/- .46) was significantly greater than undergraduates (mean 3.18
+/- .45) in the Specialty Medicine mini-CEX (U(1197) = 123106.5, Z = -.23, p = .02). The effect
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size was found to be negligible (r = .07). When combining the scores for both the General
Medicine and the Specialty Medicine mini-CEX the mean score for undergraduates (mean
3.21 +/- .45) was the same for graduate students (mean 3.23 +/- .44) (U(2394) = 514976, Z =
-1.02, p = .31).

Cohort (year at medical school)
Using a one way ANOVA no difference in mean overall score assigned to each cohort was
seen in the General Medicine mini-CEX (F(4,1191) = 1.69, MSE = .34, p = .15) nor the
Specialty Medicine mini-CEX scores (F(4,1193) = .84, MSE = .17, p = .50). When combining
the scores of the General Medicine and Specialty Medicine mini-CEX there was no
difference in scores assigned to each cohort (F(4, 2394) = .483, MSE = .10, p = .75).

Entry scheme
As there were only two students who entered by the UTAS, for this component of the
analysis, their scores were merged with students in the General entry scheme.

Using a one-way ANOVA no significant difference in the Specialty Medicine mini-CEX overall
score was found in students entering by different schemes (F(3,1194) = 2.41, MSE = .50, p =
.07). A significant difference was seen between students entering by different schemes in
the general medicine mini-CEX overall score (F(3,1192) = 5.85, MSE = 1.16, p < .01). A
Tukey’s honestly significance difference post-hoc test showed the mean score achieved by
International students (3.09 +/- .44, p < .01) and MAPAS students (3.15 +/- .45, p = .02) were
significantly lower compared to General/UTAS students (3.25 +/- .45). The mean score
achieved by International students were also significantly lower than RRAS students (p =
.04). There was no significant difference between RRAS students and MAPAS students score
(p = .20). There was no significant difference between General/UTAS and RRAS students
(3.24 +/- .46, p = .99). There was no significant difference in mean scores between MAPAS
students and International students (p = .64). However, the effect size, where there were
differences seen, were all insignificant (η2 = .01). When combining the scores of the General
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Medicine and Specialty Medicine mini-CEX a significant difference was seen between
students entering by different schemes in the general medicine mini-CEX overall score
(F(3,2393) = 7.74, MSE = 1.56, p < .01). A Tukey’s honestly significance difference post-hoc
test showed the mean score achieved by International students (3.10 +/- .42, p < .01) and
MAPAS students (3.15 +/- .43, p < .01) were significantly lower compared to General/UTAS
students (3.24 +/- .46). The mean score achieved by International students (p < .01) and
MAPAS students (p < .04) were significantly lower compared to RRAS students (3.24 +/- .46).
There was no significant difference between General/UTAS and RRAS students (p = .99).
There was no significant difference in mean scores between MAPAS students and
International students (p = .61). Of note, the effect size these differences were insignificant
(η2 < .01). So we see that General entrant students and RRAS students achieve similar
marks, however MAPAS and International students achieve lower grades. In practice, as the
effect size is trivial, this did not impact on the overall grade awarded to MAPAS and
International students.

Clinical site (Geographical site of training)
Using a one-way ANOVA no difference in mean overall score in the General medicine miniCEX assigned to students was seen in different clinical sites (F(5,1190) = 1.203, MSE = .24, p
= .31). A significant difference was seen in the mean overall score in Specialty Medicine
mini-CEX assigned to students in different clinical sites (F(5,1192) = 3.124, MSE = .64, p <
.01). However, a Tukey’s honestly significance difference post-hoc test did not show there
was a significant difference between clinical sites (p = 0.06 – 1). The number of students at
each site varied (n = 65 – 356). Post-hoc test using Games-Howell suggested significantly
higher scores awarded to students at the Waitematā clinical site (3.25 +/- .45, n = 248), than
at Tauranga (3.07 +/- .31, n = 69, p < .01), and South Auckland (3.24 +/- .47, n = 308) and
Tauranga (p = < .01). No differences between other sites were noted. Again the effect size
was negligible (η2 = .01). When combining the scores of the General Medicine and Specialty
Medicine mini-CEX a significant difference was seen in the mean overall score in Specialty
Medicine mini-CEX assigned to students in different clinical sites (F(5,2393) = 2.264, MSE =
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.46, p = .046). However, post-hoc tests using a Tukey’s honestly significance (p = 0.20 – 1)
and Games-Howell (p= .14 – 1) did not suggested a significant difference.

Group Comparisons
To reduce the probability of Type 1 error all group comparisons were conducted using a
single omnibus MANOVA test. Dependent variables were General Medicine, Specialty
medicine and overall mini-CEX scores and independent variables included assessor, cohort,
gender, graduate status, entry scheme and clinical site (3 x 6 design). This did not show a
statistically significant effect for the General Medicine mini-CEX score, the Specialty
Medicine mini-CEX score or the combined General Medicine and Specialty Medicine miniCEX score (F (127), = 1.22, p = .10). Thus, overall when assessing all variables, no difference
in mini-CEX grade is seen attributable to assessor, gender, graduate status, cohort, entry
scheme or clinical site.

4.6 - Discussion.
In this chapter we see how the mini-CEX is being used in Year 4 medical students in the
MBChB University of Auckland programme. A wide range of assessors use the mini-CEX,
examining students using patients with a broad spectrum of clinical problems. Of note there
was a large variation on the time spent examining the student, with one assessor
completing their evaluation within 3 minutes and another taking 2 hours. The
recommended duration for an assessment is 15-20 minutes observing the student with a
further 5 minutes for feedback (Appendix 1). This suggests that developing a training
resource for the assessors may be of benefit. Reassuringly, there was little difference
between the mini-CEX in the General Medicine and Specialty Medicine run, irrespective of
the seniority of the assessor. The vast majority of students passed or achieved a distinction
with very few students having a borderline pass or fail for the assessment. If interpreting
feedback then the Course Supervisor or Board of Examiners should be cautious in
interpreting the individual grades assigned to the subcompetencies in the mini-CEX.
Although there is information on the four subcompetencies, it is challenging to discriminate
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between these components of the student’s performance. Reassuringly, there does not
seem to be a significant difference between the mini-CEX scores for candidates, irrespective
of their entry characteristics or clinical training site.

The feasibility of the mini-CEX as an assessment tool is demonstrated with more than 99%
of Year 4 students able to complete two mini-CEX assessments during the study period.
This is unsurprising; the initial descriptions of the feasibility of using the mini-CEX in an
undergraduate programme, where nine mini-CEX were requested over a nine week period,
demonstrated over 80% of mini-CEX were completed [Kogan, 2002; Kogan, 2003].
Subsequent undergraduate studies demonstrated that more than 90% of required mini-CEX
were completed [Hill 2007; Hill 2009; Playford, 2013; Rogausch, 2015; Kim, 2016]. Although
new as an assessment tool for Year 4 medical students in the Auckland MBChB program
most assessors are familiar with the mini-CEX as it has been used to assess Physician
trainees for a number of years in the postgraduate setting and of course, the number of
assessments is much fewer than reported in other programmes.

Overall, we see a very high pass rate for the mini-CEX. More than 98.4% of assessments
were a pass or distinction with 1.5% assessments (36/2398) receiving a fail or borderline
mark over the 5-year study period. It would have been interesting to see if a fail in the miniCEX was predictive of the final overall year grade for Year 4 students, but that beyond the
scope of this study. Of note, the student has two specialty medicine rotations, and can
undertake a mini-CEX in each of these rotations, and choose which assessment to record. In
addition, if the student receives a fail or borderline mark they are offered the opportunity
to retake the assessment, with the better of the assessments recorded. Also, the structure
of the mini-CEX is such that the student is offered immediate, and specific feedback. This
allows the student the opportunity to immediately reflect, and hopefully correct any areas
of concern. Unfortunately, I was unable to determine how many students had earlier
assessments which were a fail or borderline mark.

64

What is apparent is the large number of assessors who evaluate students. This also occurs
in other undergraduate programmes. For example, at the University of Southampton 326
students were evaluated by 813 examiners [Hill, 2009], and at the University of Bern 116
students were evaluated 512 assessors [Rogausch, 2015]. In the Rural Clinical School of
Western Australia “Hundreds of doctors” were noted to complete 5306 mini-CEX in 215
students [Playford, 2013]. Each student, at these institutions, undertook more mini-CEX
evaluations annually than at the University of Auckland, with students asked to undertake
15, 11 and 21 mini-CEX evaluations respectively. However, it is unclear from these papers
how many assessments are undertaken by individual examiners. In the postgraduate setting
the initial description of the mini-CEX included 97 examiners who undertook 1-26
assessments [Norcini, 1997]. Of note, at the University of Auckland, the majority of
assessors undertook very few assessments: 58.7% of assessors (149/254) undertook only 1
or 2 assessments, with a further 21.6% (55/254) undertaking between 3 and 4 assessments
over a two year period. This reflects the deployment of students across a variety of clinical
campuses and that the assessment is undertaken in the workplace. In addition, we see a
wide range of time spent performing the assessment. The mini-CEX instructions suggest
that the entire assessment should take 15-20 minutes (Appendix 1). In our study it was
found that the time spent on an assessment ranged from 3 to 120 minutes. In my
experience, it would be challenging to evaluate a student in less than 15 minutes, to do so
within 3 minutes suggests that an inadequate assessment was undertaken, and this was
viewed as a “tick-box exercise”. Conversely, if an assessment is taking over one hour, then
the student is likely to be undertaking a “long-case” [Norcini, 2002]. The long case is, of
course, a valuable assessment and authentic, but also has issues around reliability due to
case and examiner factors [Wass, 2004]. At the University of Southampton no prior training
was required to undertake a mini-CEX, however, notes on how to use the mini-CEX and an
instructional video were made available to assessors [Hill, 2009]. At the Rural Clinical School
of Western Australia no training was undertaken [Playford, 2013]. At the University of Bern
an interactive workshop, written material and course videos with student-patient
encounters are offered for training [Rogausch, 2015]. At the University Auckland, there is
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instructional material available with the mini-CEX score sheet (Appendix 1) but no other
training material is available. The mini-CEX is used to assess Physician trainees, so most
RMOs and SMOs will be familiar with the format. As previously noted, it has not been
consistently found that training in the use of the mini-CEX is of benefit and to mandate this
may be 1) viewed as an administrative burden and 2) used as a reason for potential
assessors not to perform the assessment. Nevertheless, developing and improving access to
training material for the mini-CEX, specifically highlighting the focus of an assessment and
how the marking rubric is used, may be of beneficial.

The seniority of the assessor has been noted to significantly affect the grade assigned to the
student [Kogan, 2003; Hill, 2009; Playford, 2013; Rogausch, 2015]. This was again
demonstrated in the University of Auckland context, with RMOs awarding a significantly
higher score than SMOs. We see more assessments completed by RMOs in Specialty
Medicine rotations. It may be that this occurs as there are more advanced trainees who
undertake teaching and assessment in the specialty medicine rotations; General Medicine
RMOs tends to rotate more frequently than Specialty Medicine trainees. It may be that
Physicians supervising General Medicine rotations are more diligent in undertaking
assessment than Physicians supervising Specialty Medicine rotations, or this may be due to
random error, as this sampling was taken from only two of the five years of data. RMOs will
rotate between clinical training sites and will have less opportunity to develop teaching
skills than SMOs. However, for Year 4 students, at this stage of their development the focus
is on acquisition of basic examination skills and clinical problems so assessment and
feedback from RMOs seems reasonable (or to have face validity). Interestingly, at the
Waitemata clinical campus, there has been a move for all General Medicine mini-CEX to be
performed by SMOs. Importantly, it should be noted that whether an RMO or SMO
assessed the student had a negligible effect on the grade. Essentially, the most common
mark was a “Pass” for students.

66

The complexity of the case has been shown to influence the mark award to postgraduate
trainees [Norcini, 2003] and undergraduate students [Hill, 2009, Playford, 2013]. The fact
that more complex cases are associated with better scores suggests that assessors may
account for, and overcompensate for more complex patients when marking. This may be
especially true for Year 4 students; and assessor is unlikely to fail a student when they are
seeing a complex patient with a rare or complicated illness. When the mini-CEX was first
introduced to the University of Auckland programme information about the complexity of
the case was documented. However, part way through 2014 the assessment form was
revised and this information was no longer recorded. In our cohort, we did not find any
significant difference in the students’ mini-CEX grade based on the complexity of the case.
This may be due to the reduced range in grades, the small sample size, leading to
underestimating any difference and that by reducing the scale that students received a pass
or distinction grade thus preventing possible overcompensation of grade.

As demonstrated in other studies [Norcini, 1995; Norcini, 2003] a wide range of problems
are assessed during the mini-CEX. In our cohort more male than female patients were seen
and this was no different between General Medicine and Specialty Medicine rotations.
Slightly older patients were seen in General Medicine assessments, and anecdotally this
mimics the profile of patients seen in clinical practice. Patient characteristics, such as the
age or gender have not particularly been described in the literature. The Respiratory
(27.7%) and Cardiology (14.5%) make up the majority of hospital admissions and were the
two main clinical problems assessed. These both involve examination of the thorax, and it
may be that the student or assessor approached more men to be evaluated to maintain the
patients’ dignity. A similar amount of time was spent with students during assessment of
the General Medicine and Specialty Medicine mini-CEX. We did see a significantly higher
score awarded to students in the General Medicine mini-CEX compared to the Specialty
Medicine mini-CEX (3.22 versus 3.20), however the effect size was again negligible.
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It was shown, using regression analysis, that the mark awarded in the Specialty Medicine
mini-CEX predicted the mark in the General Medicine mini-CEX. As these are medical
students starting their clinical attachments this is perhaps unsurprising. We see that a wide
range of clinical problems are assessed and although the student may be outstanding in one
area they may be weak in others. As the students’ knowledge and experience expands it
would be expected that they develop more consistent abilities in all areas. In addition, it
should be recognised that some variance is likely to be due to features other that
candidates’ clinical abilities, such as the assessor and case characteristics [Hill, 2009;
Rogausch, 2015].

Dimensionality of the internal structure of the mini-CEX considers how the tool’s scores can
be interpreted and used. The University of Auckland MBChB mini-CEX provides a global
evaluation of the student’s performance and also provides a grade for the student in areas
of

History

taking/Communication

Skills,

Physical

Examination

Skills,

Clinical

Judgement/Reasoning and Humanistic qualities/Professionalism. Previous studies of the
mini-CEX have shown that assessors do not assess different subcompetencies separately. It
has been shown that mini-CEX subcompetency scores are highly correlated [Norcini, 2003,
Kogan, 2003, Cook, 2009b] and that error also correlated across subcompetencies
[Margolis, 2006]. Factor analysis can be done to evaluate dimensionality in more detail.
Only one study in postgraduate trainees used factor analysis to evaluate dimensionality of
the internal structure of the mini-CEX and demonstrated a single dimension [Cook, 2010].
Two studies evaluated dimensionality in undergraduate students, both using a mini-CEX
with

six

subcompetencies

(history

taking,

physical

examination,

communications/counselling, clinical judgement, professionalism and organisation and
efficiency). The first study from the University of Southampton found a single dimension
[Hill, 2009]. However, this study averaged item scores from multiple observations prior to
analysis which may have reduced the discrimination of items and reduced dimension score.
A more recent study from the University of Bern in Year 4 medical students, which used a
ten-point mini-CEX scale showed the six domains closely correlated and only a single factor
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emerged [Berendonk, 2018]. I used factor analysis and found that a single factor explained
the Specialty Medicine domain scores, but that a two-factor solution explained the General
Medicine scores with the first component being History taking/communications skills,
Physical examination skills and Clinical judgement/reasoning load and the second factor
being Humanistic qualities/professionalism. Although research in the mini-CEX has
consistently shown a single factor explaining dimensionality, other research evaluating
clinical performance has demonstrated two factors usually with a technical component, i.e.
clinical examination, and a professional dimension i.e. empathy and interpersonal skills.
Using a 12-item rating form medical students were shown to have variance accounted for
by a two-factor solution (clinical skills and humanism) [Wilkinson, 2003]. Some studies of
postgraduate students have also suggested a two-factor solution [Nasca, 2002; Silber, 2004;
Hojat, 2007; Greenburg, 2007]. The Auckland MBChB mini-CEX assesses four domains,
fewer than many other mini-CEX. The two-factor solution seen in General Medicine has a
first cluster that evaluates the students’ clinical abilities and a second that evaluates
professionalism. An explanation would be that Year 4 students are developing clinical
abilities and also developing professional standards separately. However, when combining
both the General Medicine and the Specialty Medicine mini-CEX data only a single factor
explains variance and this suggests that the two-factor solution seen when looking at the
General Medicine scores may a false positive error. Of note significantly fewer assessments
were undertaken by RMOs in General Medicine than in Specialty Medicine who are known
to be less stringent markers and this may also have impacted on the assessment. As an
assessor, it is important to recognise that only a single factor emerges and this highlights
that it is challenging to discriminate between components of the student’s performance and
that it is likely that a “halo effect” occurs [Thorndike, 1920].

I was also interested in determining if there was any variation in grade achieved in the miniCEX, based on demographic variables of the candidate, entry scheme into the medical
school or clinical teaching site. The initial work describing the mini-CEX did not show any
difference in mini-CEX scores between training programmes [Norcini, 1997]. However, in a
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review article of assessment methods in medical education, it was highlighted that with the
mini-CEX variance may occur due to differences in patients, assessors and sites [Norcini,
2007].

We see that at the University of Auckland more females are offered places in medical school
than males and that females received an overall higher score than males for the mini-CEX.
There was no difference in the min-CEX scores awarded to undergraduates or graduates,
nor did the scores differ between each of the years of this study.

Students who entered via the General Entry or Rural and Regional Admission Scheme
received similar scores which were significantly higher than students who entered via the
Māori and Pacific Admission Scheme or International students. Ideally, I would have been
interested to link these to the UMAT scores or the grade point average (GPA) of the Year 4
students when they enter medical school. However, I did not have access to this
information. The entry GPA reflects prior academic achievement. Higher GPAs have been
shown to be associated with student retention in medical school, and their performance
during medical school [Fergusson, 2002]. In New Zealand, the UMAT has also been shown to
be predictive of medical student achievement, but less so than the grade point average
[Poole, 2012]. The GPA that students achieve in Year 2 and 3 of medical school at the
University of Auckland MBChB programme has been shown to be significantly higher for
General admission students than RRAS students and both categories significant higher that
MAPAS students (average Year 2–3 GPA General scheme = 6.35 +/- 1.52; RRAS = 5.82 +/1.65, p < 0.01; MAPAS = 4.33 +/- 1.56, p < .01) [Curtis, 2017]. No information on
International student GPA is reported in the literature. In this study no difference was seen
in the Specialty Medicine mini-CEX scores for students entering by different schemes. For
the General Medicine mini-CEX the scores achieved by MAPAS students were lower than
students entering by the General scheme but no different to RRAS students. When
combining the Specialty Medicine and General Medicine mini-CEX it was demonstrated that
MAPAS and International students had lower scores than General or RRAS students. Given
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the difference reported in Year 2-3 GPAs, which reflects the academic achievement
immediately prior to Year 4, it is likely that the difference in scores is reflective of academic
ability. It is important to note that dedicated academic and pastoral support is available for
MAPAS students, including culturally safe learning spaces, specific online tutorials and
provisions of targeted tutorials [Curtis, 2013]. However, when considering the impact of this
in terms of grade, the effect of these statistically significant differences is minimal.

The paper from the University of Bern looked at the effect of size of the clinical training site
on the mini-CEX scores and demonstrated that small sites tend to award lower scores than
large training sites [Rogausch, 2015]. Depending on the number of students at each site,
clinics were divided into small (< 15 students/year), medium (16-30 students/year) or large
training sites (> 30 students/year). Using these somewhat arbitrary parameters for the site
size, this translates to Rotorua being a small, Tauranga medium and Waitematā, Auckland,
South Auckland and Waikato being large. Although possible differences in scores between
clinical campuses were raised, the post-hoc analysis did not show a difference in scores
between the sites.

To consider the potential variability between entry characteristics and the site the
candidates undertake their training an omnibus test was undertaken. Reassuringly, there
was no difference seen in scores awarded, with tested combinations.

There are, of course, limitations to this section of the study. As highlighted (in Chapter 2)
the majority of medical schools in Australia and NZ use the mini-CEX, however, as this data
is from a single centre, its conclusions can only be applied to the University of Auckland
MBChB programme. Detailed data on the assessor, patient and complexity was extracted
for only two years, and this data was incomplete, in part because some of the forms were
unavailable, or incomplete. However, this provided a sample of over 300 cases which was
determined to be large enough to provide informative results. If a fail or borderline pass is
awarded for the mini-CEX then the student will always be offered an opportunity to resit
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the assessment. I was unable to determine how many students had an earlier assessment
to that which was recorded, which was a fail or borderline mark. The internal consistency of
the different components of the mini-CEX was evaluated using principal components
analysis. Initially, a generalisability analysis was also planned to evaluate the reliability of
the mini-CEX. The grade awarded to students in one assessment is only weakly predictive of
the grade that is awarded in the other assessment. Thus, it would have been useful to
estimate variance that may be contributing when the mini-CEX is used. However, as there
were a large number of assessors, many of whom would only have evaluated the student in
only one case, a generalisability analysis was not possible. When considering whether the
entry scheme of the student had an impact on the mini-CEX grades the scores achieved by
the two UTAS students were merged with those of entering by the General scheme. This is a
small number and is unlikely to have impacted the analysis, but it could be argued that their
scores should have been excluded from the analysis.

To better understand the mini-CEX grade awarded it would be interesting to have the
students’ entry GPA and UMAT. A regression analysis could be undertaken to provide a
clearer understanding of the impact of prior academic achievement on the mini-CEX score.
Another area of future research could be to identify students that had a fail or a borderline
pass in the mini-CEX and determine if this predicted their final Year 4 grade, not just the
grade for the Clinical and Communications skills domain. Annually, only 3-5 students fail
Year 4. It would be interesting to determine, if the mini-CEX grade is a predictor for poor
overall performance and allow early intervention to support selected students. Of interest,
is that the mini-CEX in the University of Auckland MBChB programme uses a four point
ordinal scale. Rasch analysis [Rasch, 1960] of the mini-CEX could be undertaken to
determine the extent to which the responses on the scale model match the descriptors of
the scale and thus the construct being assessed. This information could be used to modify
the scale and improve the construct [Medvedev, 2017].
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In conclusion, this chapter informs how the mini-CEX is being used by Year 4 students at the
University of Auckland, where it is used as a component of Medicine rotations. The miniCEX is also a component of programmatic assessment and this discussed further in Chapter
5. We see some differences between patient and assessor characteristics between the
General Medicine and Specialty Medicine mini-CEX, however these are minor. Increased
training resources may help assessors in using the mini-CEX. Reassuringly, although we do
see significant differences in the overall grades in the mini-CEX awarded, based candidates’
factors, pragmatically these are not important due to an insignificant effect.
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Chapter 5 - Contribution of the mini-CEX to the Clinical and
Communication Skills domain.
5.1 - Introduction.
Historically, an end-of-year high stakes clinical examination was used, in the University of
Auckland MBChB programme, to decide whether students could progress with training. This
approach to learning has been viewed as having a number of disadvantages. A summative
end-of-year examination may promote shallow or rote learning [Cilliers, 2012], discourage
the learners from using feedback [Harrison, 2016], and lacks qualitative feedback which
could guide the student in their future development [van der Veleuten, 2012]. By utilising a
programmatic approach we have a number of datapoints that ideally promote assessment
for learning [van der Veleuten, 2012]. These datapoints should be evaluated at multiple
time points through the year and then will have the potential to allow the student to
address areas of weakness and to develop and consolidate skills. In addition, if feedback is
consistently provided with these assessments throughout the year, the final, cumulative
result is not surprising to the student. A move to programmatic assessment, with multiple
assessments though the year, was introduced for the University of Auckland MBChB course
in 2013.

Clinical and Communication Skills are one of five key domains that have been identified as
important for clinical practice [University of Auckland Phase 2 (Year 4) Guidebook]. The
ability to communicate sensitively with patients and their whānau, to clearly elicit and
provide information, and to examine patients and interpret information are all core skills for
a doctor.

To evaluate the Clinical and Communication Skills of the Year 4 student, a total of 11
assessments are used and determine the grade for this domain: the mini-CEX assessed in
the General Medicine rotation, the mini-CEX in the Specialty Medicine rotation, two OSCEs
in the Musculoskeletal rotation, the communication component of the Drug and Alcohol
assessment, three Medicine station CSAs and three Surgical station CSAs. For each of these
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individual assessments the student receives a grade of distinction, pass, borderline
performance or fail and students receive a final grade of distinction, pass or fail for Clinical
and Communication Skills domain based on the combination of these assessments (Table 2).

The Drug and Alcohol assessment is a simulated patient assessment, with an actor taking
the role of a patient. The Year 4 student demonstrates their ability to carry out a brief
intervention of screening for drug and/or alcohol (ab)use. The interaction is videotaped,
and the student undertakes self-reflection. All students undertake the assessment at either
the Tamaki campus, in Auckland or at the Waikato clinical site and are marked by a single
assessor (Personal Communications Karen Hicks).

The Musculoskeletal rotation incorporates both Orthopaedic and Rheumatogical
components. The students undertake the musculoskeletal assessment at a single site:
Middlemore Hospital. They have four OSCE stations where they are assessed by two
assessors at each station, i.e. eight assessors, over half-a-day. Two OSCE stations contribute
to the mark for Musculoskeletal OSCE 1 and another two stations to the mark for
Musculoskeletal OSCE 2. There is a pool of approximately 20 assessors, all SMOs, either
Orthopaedic Surgeons or Rheumatologists, who will perform the assessment. Patients or
actors may be used (Personal Communications Dr Nichola Wilson).

At the end of the Year 4 there is an integrated assessment of the clinical skills of the
students. These are held in two sites, the Grafton or Tamaki campuses, using a mix of
actors, patients and mannequins. Each student will undertake three Medical Clinical Skills
Assessments (CSA) (one history taking and two clinical examination) and three Surgical CSAs
(one history taking and two clinical examination) and are assessed by six different assessors,
all SMOs, from medical and surgical specialties over half-a-day (Personal Communications
Dr Kira Bacal).
As outlined in Chapter 4 the mini-CEX assessments are undertaken across many clinical
sites, by many different assessors, using patients with a wide-range of clinical scenarios.
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Important questions when using this system of programmatic assessment are: for the
student is the assessment is reliable, and for staff involved in teaching, where there has
been a change from a familiar system, is the combined assessment credible and
dependable.

5.2 - Aim.
In line with the concept of programmatic assessment there is a range of assessments,
occurring at different sites, throughout the year, with a range of examiners. The overall aim
is to determine how this programme of assessment can be optimised. In this chapter I
evaluated the contribution of each of these assessments to the final grade of the
Communication and Clinical Skills grade in order to explore its reliability.

5.3 - Methods.
Deidentified data from Year 4 medical students enrolled between 2013 and 2017 in the
University of Auckland MBChB programme was extracted from the Medical Programme
Directorate and Department of Medicine databases.

Previously extracted demographic data and the overall mark for the General Medicine and
Specialty Medicine mini-CEX were used. In addition scores for the Musculoskeletal OSCE 1
and 2, Clinical Skills Medical CSA 1, 2 and 3, Clinical Skills Surgical CSA 1, 2 and 3 and the
Drug and Alcohol assessment were obtained as well as the overall grade for the Clinical and
Communications Skills grade.

Statistical Analysis
Data were analysed using SPSS 25, FACTOR 10.8.04 and SPSS Analysis of Movement
Structures (AMOS) 25.
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Spearman’s rank order correlation coefficient was evaluated to determine the relationship
between the assessments and the final Clinical and Communication skills domain grade.
Cronbach’s alpha and item-to-total correlation was calculated to determine internal
consistency.

The mini-CEX and in fact all assessments that contribute to the Clinical and Communications
skills grade utilises an ordinal scale. Construct validity is analysed according to ordinal data
obtained from the Likert scale. A Cronbach's alpha of > 0.70 was considered to be an
acceptable reliability coefficient for determining the internal consistency of the scale (in this
case the Clinical and Communication Skills domain grade) [Nunnally, 1978].

To aid in determining the reliability of the current model and how this could be optimized
factor analysis was used. Exploratory factor analysis (EFA) was performed using FACTOR to
explore the links between the observed variables (the clinical assessments or items) and
latent variables (factors) and to identify the factor (programme) structure. Pearson
correlation matrices may be utilised to perform factor analysis to evaluate the
dimensionality of this data however, this assumes an interval measurement scale which is
clearly not the case for our scale. Polychoric correlation estimates the correlation between
raters if ratings are made on a continuous scale and was thus deemed more appropriate
when evaluating the contribution of these assessments [Holgado-Tello, 2008]. Polychoric
correlation was deemed to be appropriate to use if the univariate distribution of the ordinal
items were asymmetric or had an excess of kurtosis. If both indices were less than one then
Pearson correlation may be deemed more appropriate [Kaplan, 1985]. Eigenvalues of > 1.25
were preferred [Henson, 2006], with a cutoff of 1.0 accepted [Kaiser, 1960]. The impact of
removal of the General Medicine and Specialty mini-CEX on internal consistency of the scale
was also evaluated. The KMO measure of sampling adequacy and Bartlett’s test of
sphericity was determined to evaluate the suitability of the data with a KMO of greater than
.70 and a Bartlett’s test of sphericity less than .05 considered appropriate. Rotation was to
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determine the correlation between observed variables and determine the strongest
correlations that form factors.

Structural Equations Modeling (SEM) using AMOS 25 was then undertaken to test the
relationships between structural paths and latent variables and to determine the universal
fit related to the quality of model to either support or reject the structure. Possible models
were tested and an ideal model developed. The hypothesised models are illustrated with
observed items (the clinical assessments) represented as rectangles, the unobserved factor
(the Clinical and Communications Skills grade) represented as ellipses, the arrows between
the unobserved variables and the observed variable representing a regression path and the
number representing the standardised regression weight. Chi-squared (χ2) and its
subsequent ratio with degrees of freedom (df) was evaluated to determine the fit between
the hypothesised model and the observed variables with < 2 considered acceptable
[Ullman, 2001]. A number of goodness-of fit indices were calculated including the
goodness-of fit index (GFI), comparative fit index (CFI), root mean square error of
approximation (RMSEA). A GFI greater than 0.90, a CFI of greater than 0.93 and a RMSEA
less than .05 we considered to show acceptable fit to the data [Tabachnick, 2007]. As well
as the CFI and RMSEA, Akaike’s information criterion (AIC) was used for selecting an optimal
model, when considering alternates, with the smallest AIC preferred [Tabachnick, 2007].

5.4 - Results.
5.4.1 - Grades assigned for each assessment.
The grades assigned to each assessment contributing to the Clinical and Communications
Skills domain in summarised in Table 6. Only six students failed this domain over the five
year period of the study.
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Table 6 - Marks achieved by Year 4 medical students at the University of Auckland for assessments
contributing to the Clinical and Communication Skills domain grade.
Assessment

Number of

Fail

Students

Borderline

Pass

Distinction

performance

General Medicine mini-CEX

1196

1

14

900

281

Specialty Medicine mini-CEX

1198

3

18

911

266

Musculoskeletal OSCE 1

1193

26

34

723

410

Musculoskeletal OSCE 2

1193

13

32

960

188

Surgical CSA 1

1188

6

79

837

266

Surgical CSA 2

1188

31

94

851

212

Surgical CSA 3

1188

43

128

824

193

Medical CSA 1

1188

15

84

855

234

Medical CSA 2

1188

30

134

824

200

Medical CSA 3

1188

18

112

841

217

Drug and Alcohol Assessment

1188

3

0

924

272

Overall Clinical & Communication Skills Grade

1201

6

988

135

5.4.2 – Correlation.
A Spearman’s rank order correlation was run to determine the relationship between the 11
clinical assessments and Clinical and Communication Skills domain grade. A statistically
significant positive correlation was found for all assessments and the overall Clinical and
Communication skills grade (Table 7). A weak correlation was found between the overall
grade and the following assessments: General Medicine mini-CEX, Specialty Medicine miniCEX, Musculoskeletal OSCE 1, Surgical CSA 1, Surgical CSA 2, Surgical CSA 3, Medical CSA 1,
Medical CSA 2 and Medical CSA 3. A very weak correlation was found for both the
Musculoskeletal OSCE 2 and the Drug and Alcohol assessment and the overall grade. So, no
one assessment was strongly predictive of the overall grade that would be awarded to the
Year 4 student for the Clinical and Communications Skills domain.
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Table 7 - Correlation of clinical assessments contributing to the Clinical and Communication Skills domain grade.
Clinical and
Communications
Skill Grade
1.000

General
Medicine
mini-CEX

.286**

1.000

.246**

.064*

1.000

.237**

.058*

.099**

1.000

.181**

0.045

.076**

.215**

1.000

Surgical CSA 1

.340**

.127**

.110**

.140**

.136**

1.000

Surgical CSA 2

.312**

.092**

.071*

.074*

.134**

.179**

1.000

Surgical CSA 3

**

.350

*

**

**

**

.212**

.160**

1.000

Medical CSA 1

.251**

0.014

Medical CSA 2
Medical CSA 3
Drug and Alcohol

.286**

.098**

.317**
.189**

.138**
.101**

Clinical and
Communications
Skill Grade
General
Medicine miniCEX
Specialty
Medicine miniCEX
Musculoskeletal
OSCE 1
Musculoskeletal
OSCE 2

.067

Specialty
Medicine
mini-CEX

.099

Musculoskeletal
OSCE 1

.122

Musculoskeletal
OSCE 2

.126

Surgical
CSA 1

Surgical
CSA 2

Surgical
CSA 3

Medical
CSA 1

.113**

.111**

.072*

.194**

.116**

.203**

1.000

0.053
.110**
.114**

.130**

.121**

.224**

.179**

.130**
.087**

.118**
.063*

.145**
.086**

.144**
.077**

.229**
.226**
.100**

.124**
.204**
.092**

Medical
CSA 2

Medical
CSA 3

Drug
and
Alcohol

1.000
.134**
.068*

1.000
.092**

1.000

N = 1192 to 1201
*Correlation is significant at the .05 level
**Correlation is significant at the .01 level
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5.4.3 - Internal Consistency.
The internal consistency for the Clinical and Communications skills grade, estimated by
Cronbach’s alpha, was .64. Item (assessments) to total (clinical and communication skills)
statistics are provided in Table 8. This suggests that the Clinical and Communication skills
domain grade is not as reliable an assessment as desired, and that removal of a single
clinical assessment will not improve or optimise the reliability of the overall Clinical and
Communication skills domain grade.
Table 8 - Item-total statistics for the Year 4 assessments.
Assessment

Mean
score

Standard
deviation

Variance

Kurtosis

.45

95%
Confidence
Interval
3.19 - 3.25

2.18

Corrected
Item-total
correlation
.17

Cronbach’s
α if item
deleted
.63

General Medicine mini-CEX

3.22

.21

Specialty Medicine mini-CEX
Musculoskeletal OSCE 1

3.20

.46

3.16 - 3.23

3.27

.64

3.21 - 3.31

.21

2.86

.17

.63

.42

3.42

.27

.62

Musculoskeletal OSCE 2

3.10

.49

3.06 - 3.14

.25

7.78

.28

.62

Surgical CSA 1

3.14

.56

3.09 - 3.18

.32

3.48

.39

.59

Surgical CSA 2
Surgical CSA 3

3.04

.62

2.99 - 3.08

.39

3.43

.30

.61

2.97

.66

2.92 - 3.02

.44

2.52

.38

.59

Medical CSA 1

3.09

.58

3.05 - 3.13

.34

3.82

.32

.61

Medical CSA 2

3.00

.64

2.95 - 3.04

.41

2.62

.34

.60

Medical CSA 3

3.05

.60

3.00 - 3.09

.37

3.16

.37

.60

Drug and Alcohol assessment

3.22

.43

3.19 - 3.25

.20

3.19

.16

.63

(N = 1189).

5.4.4 - Factor analysis.
The distributions of these (ordinal) items are asymmetric. Polychoric correlation was
performed and a standard variance/covariance matrix generated (Table 9). KMO = .81 and
significant Bartlett’s test of sphericity (χ2 (55) = 1113.1, p < .01) confirmed the adequacy of
the correlation matrix.
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Table 9 - Standardised variance/covariance matrix of Year 4 Clinical and Communication Skills assessments.
Assessment
Specialty Medicine
Mini-CEX

General Medicine
mini-CEX
.13

Specialty Medicine
Mini-CEX

Musculoskeletal
OSCE 1

Musculoskeletal
OSCE 2

Surgical
CSA 1

Surgical
CSA 2

Surgical
CSA 3

Medical
CSA 1

Medical
CSA 2

Musculoskeletal
OSCE 1

.11

.16

Musculoskeletal
OSCE 2
Surgical CSA 1

.11

.14

.35

.22

.18

.21

.24

Surgical CSA 2

.15

.11

.13

.23

.27

Surgical CSA 3

.12

.16

.18

.22

.33

.25

Medical CSA 1

.04

.18

.17

.14

.31

.19

.31

Medical CSA 2

.17

.09

.20

.21

.33

.36

.33

.20

Medical CSA 3

.23

.18

.21

.21

.23

.23

.33

.31

.22

Drug and Alcohol

.19

.20

.17

.14

.14

.12

.18

.15

.12

Medical
CSA 3

.17

N = 1192 to 1201
*Correlation is significant at the .05 level
**Correlation is significant at the .01 level
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Exploratory factor analysis
An EFA was undertaken to determine the underlying structure of the 11 assessments
contributing to the clinical and communications skills assessment. I hypothesised that a fourfactor solution may occur with the two mini-CEX grouping together, the two OSCEs grouping
together, the six CSAs grouping together and the Drug and Alcohol assessment grouping
separately. Explained variances based on eigenvalues were generated with the advised number
of dimensions being one, which explained only 27% of variance (Table 10). Accepting
eigenvalues of > 1.0, three factors explained 47% of variance. This suggests that when
considering the 11 clinical assessments they group into three clusters (or factors) that are being
evaluated, rather than four as was hypothesized.
Table 10 - Explained variance based on eignenvalues.
Variable

Eigenvalue

Proportion of Variance

Cumulative

Proportion

of Variance
General Medicine mini-CEX

3.02

.27

.27

Specialty Medicine mini-CEX

1.08

.10

.37

Musculoskeletal OSCE 1

1.01

.09

.47

Musculoskeletal OSCE 2

.98

.09

Surgical CSA 1

.82

.07

Surgical CSA 2

.08

.07

Surgical CSA 3

.78

.07

Medical CSA 1

.71

.06

Medical CSA 2

.65

.06

Medical CSA 3

.60

.05

Drug and Alcohol

.54

.05

In order to determine the strongest correlations of factors the latent factor items were rotated
to determine possible clusters. Three clusters were generated with the General Medicine miniCEX, Specialty Medicine mini-CEX and Drug and Alcohol assessment forming the first cluster,
the Musculoskeletal OSCE 1 and Musculoskeletal OSCE 2 forming the second cluster and the
Surgical and Medical CSAs forming the third cluster (Table 11). The main difference to the
83

hypothesised clusters was that the Drug and Alcohol assessment groups with the two mini-CEX
assessments.
Table 11- Normalised varimax rotated loading matrix.
Variable

Cluster 1

Cluster 2

Cluster 3

General Medicine mini-CEX

.56

.19

.02

Specialty Medicine miniCEX
Drug and Alcohol

.64

.08

.11

.70

.05

.13

Surgical CSA 1

.16

.63

.16

Surgical CSA 2

.01

.57

.14

Surgical CSA 3

.14

.67

.08

Medical CSA 1

.19

.60

-.04

Medical CSA 2

-.04

.63

.20

Medical CSA 3

.36

.51

.07

Musculoskeletal OSCE 1

.17

.12

.79

Musculoskeletal OSCE 2

.06

.22

.78

Removing the mini-CEX
To consider the role of the mini-CEX in contributing to the overall Clinical and Communication
Skills domain grade for the General Medicine mini-CEX and the Specialty Medicine mini-CEX
were removed and only nine assessments were evaluated using EFA. I again hypothesised that
a four-factor solution may occur with the two Musculoskeletal OSCEs, the three surgical CSAs,
the three Medical CSAs and the Drug and Alcohol assessment grouping separately. KMO = .80
and significant Bartlett’s test of sphericity (χ2 (36) = 963.7, p < .01) confirmed the adequacy of
the correlation matrix. Explained variance based on eigenvalues were generated which resulted
in only a single significant eigenvalue (= 2.81) with all other values being less than 1.25 (range
.59 to 1.03). The advised number of dimensions was one which explained 31.2% of variance.
Two factors achieved significance accepting eigenvalues of > 1.0 with all other values being
non-significant (range .58 to .95) and these two factors explained 42.6% of variance. The
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reliability of the construct using nine assessments was .61 suggesting that removing the miniCEX assessments made the overall Clinical and Communication Skills domain grade less reliable.
Structural Equations Modeling
The structural model consisting of a single construct was generated (Figure 5). However,
analysis of this model using SEM indicated that it did not fit the data well. The χ 2 /df was
unsatisfactory (χ2 = 6007, df = 55, p < .01). Other markers were all also unsatisfactory (CFI =
.004); RMSEA = .912; AIC = 330506.013).

Other theoretical models were tested. Of note in the single construct model was the negative
regression weighting for the Drug and Alcohol assessment (r = -.84) and the three factors with
clusters generated in the rotated EFA.

A proposed model consisting of a single construct (not displayed), but removing the Drug and
Alcohol component, indicated that this did not fit the data well (χ2 = .626, df =3, p = .89; CFI =
.998; RMSEA = .05; AIC = 753.138).

A valid model using a three factor model was achieved (Figure 6) with the statistically most
satisfactory data modeling (χ2 = .626, df = 3, p = .89; CFI = 1.00; RMSEA < .01; AIC = 22.63).

This confirms that having the 11 clinical assessments we do not have a reliable assessment for
the final grade. However, if the assessments are scaffolded together into three clusters;
theoretically, we can generate a more reliable construct.
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Figure 5 – Factorial Structure of the hypothesised 11 item model of the Clinical and Communication Skills domain
grade.
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Figure 6 – Factorial Structure of the hypothesised 3 factor model of the Clinical and
Communications Skills domain grade.
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5.5 - Discussion.
In this study, using the current model of 11 assessments, which all contribute equally to the
Clinical and Communication Skills domain final grade, it was determined that this is not a
reliable construct (Cronbach’s alpha = .64). The item-total correlation is useful in these
circumstances and can be used to determine if the reliability can be improved. Of the 11 clinical
assessments that contribute to the overall grade the General Medicine mini-CEX, the Specialty
Medicine mini-CEX and the Drug and Alcohol assessment correlated the least. However, when
removing any of these three assessments, and in fact removing any of the clinical assessments,
the reliability of the Clinical and Communication Skills domain grade did not improve. To
theoretically determine how the reliability could be improved factor analysis was undertaken.
EFA determined that when considering the 11 clinical assessments they grouped into three
factors. SEM showed that a theoretically model which was reliable could be generated where
the General Medicine mini-CEX, Specialty Medicine mini-CEX and Drug and Alcohol assessment
were grouped into one set of assessments, the Musculoskeletal OSCE 1 and the
Musculoskeletal OSCE 2 were grouped into a second set of assessments and the three Surgical
CSAs and the three Medical CSAs were grouped into a third set of assessments which then
contribute to the overall Clinical and Communication Skills final grade.

Spearman’s rank correlation may be used to determine the relationship between two variables
or two sets of data [Spearman, 1904]. In this study it is used to evaluate the strength and
direction of the eleven clinical assessments and the final grade for the Clinical and
Communications skills domain. I found that a significant positive monotonic correlation
occurred for all eleven assessments (Table 7, rs = .189 to .350, N = 1192 to 1201, p < .05). This
suggests that for each clinical assessment, as the grade for each candidate improved, so did the
final overall grade that was achieved. A correlation of less than .20 is considered very weak, .20
to .39 weak, .40 to .59 moderate, .60 to .79 strong and greater or equal to .80 is a very strong
[Evan, 1996]. The strength of the relationship for most of the assessment tools was weak or in
the case of the Musculoskeletal OSCE 2 and Drug and Alcohol assessment very weak. Thus,
although each individual assessment is correlated with final Clinical and Communication Skills
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domain grade, it may be concluded that no single assessment alone can predict the overall
ability of the candidate. Thus, multiple assessments are required to evaluate the candidates’
ability.

Cronbach’s alpha is classically used to determine the internal consistency of an assessment
[Cronbach, 1951]. The theoretical value of alpha can range from 0 to 1, with the higher the
score the more reliable the generated scale. A perfectly reliable test is typically not achieved; a
Cronbach’s alpha of greater than .70 is considered an acceptable reliability coefficient
[Nunnally, 1978]. However, even higher acceptable values up to .95 have been proposed
[Bland, 1997; DeVellis, 2003] and for a high stakes assessment, a higher Cronbach’s alpha to
support reliability may be preferred.

An item-total correlation test may also be used to determine whether any item (in this case a
clinical assessment), is inconsistent with the measured behaviours of the other items and could
potentially be discarded to improve reliability [Field, 2013]. A corrected item-total correlation
of less than .20 suggests that the item does not correlate well with the overall score and may
need to be discarded.

In this study, the Clinical and Communication Skills domain grade internal consistency was .64,
suggesting that the current model of 11 assessments is not a reliable construct. In other words,
this suggests that if the same clinical assessments were repeated by a student that the final
grade assigned to the student may not be the same, or that if two students of the same clinical
ability undertook the 11 assessments that they may not be awarded the same final grade. A
minimum Cronbach’s alpha of 0.7 is desirable. The ability to assess and communicate with
patient and whanāu is a core skill and it could be argued that an even greater cutoff, for
reliability, would be preferred.

The item-total correlation is useful in considering the overall Clinical and Communications Skills
domain grade and can be used to determine if the reliability may be improved. The corrected
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item-total correlation was positive for all the assessments suggesting that each item correlated
with the final grade. However, a small corrected item-total correlation suggests that the item
may not be measuring the same construct as measured by other items, with a value of less than
.20 considered significant [Kline, 1999]. The corrected item-total for the General Medicine miniCEX, Specialty Medicine mini-CEX and the Drug and Alcohol assessment, were each less than
.20, suggesting that these assessments do not correlate well with the overall grade. This
provides a signal, as to which assessments it may be useful to remove, to improve the overall
reliability. If the General Medicine mini-CEX, the Specialty Medicine mini-CEX or the Drug and
Alcohol assessment were removed I found that there was little impact on the overall reliability
of the Clinical and Communications Skills domain grade; Cronbach’s alpha reduced to .63. In
fact, when removing any single clinical assessment, the internal consistency did not improve
(the Cronbach’s alpha range was .59 to .63 when any single item was deleted). Thus, removing
one of the assessments does not significantly improve the reliability of the overall grade. The
follow on from this is to consider how the reliability of the final Clinical and Communications
Skills domain grade may be achieved.

To better understand the relationship between the 11 clinical assessments (the observed
variables) and the Clinical and Communications Skills domain grade (the latent variable) factor
analysis was undertaken. Factor analysis is a statistical procedure that allows the relationship
between observed and latent variable to be evaluated. First, EFA is undertaken to determine
the connections between the observed variables and the latent construct [Yong, 2013]. From
this a number of factors can be generated and this is termed the factor structure. Factors are
rotated to identify which of the observed variables cluster together and allow an optimal simple
structure to be developed. SEM can determine the relationship between the observed and
latent variables whilst accounting for measurement error [Beran, 2010]. Using the information
from EFA the number of factors can be confirmed and different models may be tested using
SEM.
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In this study EFA was undertaken and only a single factor was retained using an eigenvalue of
greater than 1.25 which is the preferred cutoff [Henson, 2006]. However, it was not possible to
generate a construct with acceptable fit indices using a single dimension. Of the 11
assessments, the Drug and Alcohol component had the greatest negative correlation (r = -.84),
with the Medical CSA 1 the only other assessment with a small negative correlation (r = -.04). Of
note, the Drug and Alcohol assessment also had the smallest corrected-item correlation (rs =
.16). A theoretical model which removed the Drug and Alcohol assessment was generated and
again, was unable to achieve satisfactory goodness-of-fit indices. This supports the finding that
the reliability could not be achieved when considering a Cronbach’s alpha of greater than .70
for all eleven assessments or with ten clinical assessments.

Using a more permissible eigenvalue, of greater than 1 as the cutoff [Kaiser, 1960], three
factors were generated. However, although this tells us there are three factors, how the clinical
assessments group into these three factors is ambiguous. To determine the loading of each
variable to each factor, rotation of the axes of the factor was undertaken. Using rotation, it was
found, that the General Medicine mini-CEX, Specialty Medicine mini-CEX and Drug and Alcohol
assessment form the first cluster; the Musculoskeletal OSCE 1 and the Musculoskeletal OSCE 2
form the second cluster and the three Surgical CSAs and the three Medical CSAs form the third
cluster (Table 10). There are several possible explanations for these clusters. It is possible that
different aspects of the students’ (clinical and communication skills) ability are being evaluated
in each cluster. Each cluster is occurring at a similar time so perhaps these are assessing the
students’ ability at that time point. Finally, it is possible, that these reflect the assessment
method being used.

This information was used to generate theoretically reliable models. Utilising three factors, and
grouping the assessments, a valid model was generated that retains all 11 clinical assessments
currently used. With this model (Figure 6) the General Medicine mini-CEX, Specialty Medicine
mini-CEX and Drug and Alcohol assessment group together, the Musculoskeletal OSCE 1 and 2
group together, and the six CSAs group together. With this model a new rubric would need to
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be developed for the Clinical and Communication Skills domain grade rather than the current
rubric (Table 1). In this the student would have three parts to the Clinical and Communications
Skills domain: Component 1 (comprising of the General Medicine mini-CEX, Specialty Medicine
mini-CEX, and Drug and Alcohol assessment), Component 2 (comprising of the Musculoskeletal
OSCE 1 and Musculoskeletal OSCE 2) and Component 3 (comprising of Medical CSA 1, Medical
CSA 2, Medical CSA 3, Surgical CSA 1, Surgical CSA 2 and Surgical CSA 3) and would need to pass
each component, but not every assessment. A possible rubric of how this could be used is
described (Figure 7).

Figure 7 - Possible rubric for marking of the hypothesised model for the Clinical and Communication Skills domain.
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However, a problem with the hypothetical system, is that there are only three assessments in
Component 1 and two assessments in Component 2. With this proposed system, if the student
fails one assessment in either Component 1 or Component 2, then the student fails that section
and in turn will fail the overall Clinical and Communication Skills domain. With the proposed
systems the mini-CEX, OSCE and Drug and Alcohol assessments have now moved from “low
stakes”: where even if the student fails the assessment can guide development and the student
can pass the year, to “high stakes”: if the student fails they fail the year.

A possible solution would be to add a mini-CEX assessment; so that there are three: one done
in the General Medicine rotation and one done in each Specialty Medicine rotation and
unbundle the Musculoskeletal evaluation so we have four OSCE and each station is marked
separately. Thus, there would now be 14 clinical assessments which contributed to the over
Clinical and Communication Skills domain grade and the rubric for marking would change
(Figure 8).

It should be noted that if the student has a fail or has a borderline pass awarded, in any of the
mini-CEX assessments, then a repeat evaluation during the rotation could still be offered, with
the better assessment submitted. This structure would have a minimal impact on workload.
Currently, there are two Specialty Medicine rotations and a mini-CEX assessment can be
undertaken in both rotations. The Year 4 programme would still have a number of low stakes
assessments which could provide feedback and guide the student’s development. An early
signal as to the student performance will be available and would allow the opportunity to
provide additional support for a candidate who is struggling. In turn, the student would have a
reasonable idea of their ability and progress through the year. This of course, would need to be
considered and implemented by the Assessment subcommittee and the Board of Studies at the
University of Auckland.
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Figure 8 - Rubric for marking of a possible revised model of the Clinical and Communication Skills domain grade.

A number of limitations for this study exist. Cronbach’s alpha is the measure used to determine
the reliability of the overall Clinical and Communications Skills domain grade. Cronbach’s alpha
is the most commonly used method of determining reliability, but like any test is subject to
limitations. Other methods of assessing reliability exist, most notably G-theory, and were not
evaluated. Factor analysis, of the Clinical and Communications Skills domain, did not support
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the current structure. The study uses a Cronbach’s alpha of 0.7 as the cutoff for a reliable test.
It has been argued that any assessment method, whether structured (like the OSCE) or
unstructured (like the mini-CEX) has utility, and that increasing sampling is the key for
reliability, with between 7 and 11 assessments and several hours of testing time required [van
der Vleuten, 2005]. The current format fulfills these recommended parameters and in these
circumstances a Cronbach’s alpha 0.64 may be viewed as quite acceptable. It has been argued
that when considering an assessment, this should not just be viewed from classical criteria such
as reliability and validity, but also should consider concepts such as educational impact,
acceptability of the method and resource cost [van der Vleuten, 2005]. This study does not
evaluate validity, acceptability, the cost of assessment or the impact on learning. Evaluating
these concepts, in the University of Auckland MBChB programme are potential areas for future
research. When developing a valid theoretical model I was working with the concept of
maintaining the “status quo” i.e. to only use assessments that are currently available. For
instance, the item-total correlation for the Drug and Alcohol assessment is low and when using
EFA this has a negative regression weighting. So the options considered were to remove or
scaffold this assessment with others. What is not considered is whether an alternate
assessment could be used to evaluate the Clinical and Communications Skills of the student,
and whether that could improve the reliability of the overall grade.
In conclusion, this chapter determined that there is a positive correlation between all 11 clinical
assessments and the final grade assigned to the Clinical and Communications Skill domain,
however, the current rubric of each of these 11 assessments contributing equally to the final
grade is not as reliable as may be desired using Cronbach’s alpha. Factor analysis determined
that most, but not all assessments, contributed to the Clinical and Communications Skill
domain. The Drug and Alcohol assessment has the weakest correlation using Speaman’s rank
test and also factor analysis demonstrated that this assessment showed negative regression.
However, removing this or any other assessment, did not improve reliability. Using factor
analysis, a theoretical construct, which groups the 11 assessments into three components, was
been developed which could provide a reliable overall assessment. However, this model would
mean that if the student failed one assessment then they would fail the year. A further revised
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model is proposed that would involve more resource cost but provides the benefits of
programmatic assessment and should be considered by the Assessment committee of the
University of Auckland MBChB programme.
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Chapter 6 - Discussion.
6.1 - Introduction.
The mini-CEX is a workplace based assessment tool, developed over 20 years ago to assess
Internal Medicine residents [Norcini, 1995]. The utility of this instrument has been recognized
and the tool is used widely to evaluate postgraduate trainees. Currently, in NZ, it is used in the
assessment of Anaesthesia, Emergency Medicine, General Practice, Internal Medicine,
Orthopaedic, Paediatric, Psychiatry, and Surgical trainees. It is an assessment at the peak of
Miller’s Pyramid of Competence, evaluating how trainees interact with patients, and promotes
direct and immediate feedback [Miller, 1990]. The mini-CEX was first described as being used
in undergraduate student Internal Medicine rotation core clerkship [Hauer, 2000] and has also
been adopted for undergraduate assessment. In the USA it is reported to be used in 22% of
Medicine rotations [Hawthorne, 2014]. The uptake in Australasia is greater; in 2018 both NZ
medical schools and 17 of 20 Australian medical schools were using the mini-CEX.

In 2013, the University of Auckland MBChB programme was refreshed, and the use of the miniCEX was expanded. It is now used in years 4, 5 and 6 of the programme in multiple specialties.
For Year 4 medical students two mini-CEX assessments are undertaken, in clinical rotations in
General Medicine (1 assessment) and Specialty Medicine (1 assessment). These same two
assessments, along with nine other assessments (2 OSCEs, 1 Drug and Alcohol assessment and
6 CSAs), contribute to the year-long, longitudinal assessment of the students’ Clinical and
Communication Skills. The use of the mini-CEX as a component of programmatic assessment, in
an undergraduate programme is novel and not described in the literature.

This chapter of the thesis will summarise the key findings of this research into the use of miniCEX in Year 4 medical students in the University of Auckland MBChB programme both during
Medicine rotations and as component of Clinical and Communications Skills domain placing this
work in the context of the wider literature. It will describe the limitations of the study, touch on
options for future research and provide recommendations for the ongoing use of the
assessment tool within the MBChB programme.
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6.2 - Use in the General Medicine and Specialty Medicine Rotations.
As summarised in the narrative review of the literature, eight to eleven assessments with the
mini-CEX are needed for reliability to be achieved. The mark awarded to a student reflects not
only candidate factors such as their ability, and their aptitude for the attachment, but also
external factors such as the case difficulty, and the examiners’ characteristic. By increasing the
number of cases the student evaluates, it is likely that the variance that occurs from each
individual case and a specific examiner is nullified and the combined score of the assessments
are more likely to reflect the ability of the candidate. In the University of Auckland programme
the mini-CEX is used twice in Year 4, with one assessment occurring during the General
Medicine rotation and one during a Specialty Medicine rotation.

In this thesis it is demonstrated that the majority of students complete and pass two mini-CEX
assessments. In our cohort, patients with wide variety of clinical problems are evaluated, more
male than female patients are seen and those patients evaluated in General Medicine patients
are a significantly older than those seen in Specialty Medicine. Although it was found that that a
significantly higher mini-CEX score is awarded to candidates in the General Medicine
attachment than Specialty Medicine (3.22 versus 3.20, p < .01), reassuringly, the effect of this is
trivial. Overall, most students received a pass for the rotation and effectively there is no
difference in the mark based on the attachment.

There is no difference in case complexity between General Medicine and Specialty Medicine
patients, with about one-fifth of all patients (92/446), being highly complex. Studies in
undergraduate students [Hill, 2009, Playford, 2013] have demonstrated that more complex
cases are associated with higher scores. However, in this study a difference in grades awarded
was not seen based on the difficulty of the case. A number of possibilities could explain this
observation. However, the most likely reason is that the University of Auckland mini-CEX use a
4-point scale, and that the compressed scale is minimizing the potential for assessors to
compensate for a difficult case when a grade for the mini-CEX.
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The characteristics of the assessor are noted to also play a role in the grade awarded. Similar to
other undergraduate studies [Kogan, 2003; Hill, 2009; Playford, 2013; Rogausch, 2015] this
thesis demonstrated that more senior assessors awarded significantly lower scores than junior
assessors (3.20 versus 3.45, p < .01). However, the effect size for this, in our cohort, was found
to be negligible. Thus, whether a student was assessed by an SMO or RMO neither advantaged
nor disadvantaged the student. At the Waitematā clinical campus, there has been a move to
have all Year 4 mini-CEX done by SMOs. This work demonstrates that, from the perspective of
grade awarded, this is not necessary. Of note, many assessors use the mini-CEX infrequently;
over 80% (204/254) of assessors performed two or less assessments annually. Of some concern
is how the assessors may be using the assessment tool. We see a huge variation in the time
spent assessing the student suggesting there may be confusion in how the assessment should
be undertaken. Anecdotally, students have reported to me quite significant variations in the
execution of the mini-CEX. For instance they have been asked to evaluate the patient without
being observed and then present and discuss the case and others have been asked to take a full
history and complete a systematic examination in several organ systems i.e. to undertaking
case-based discussion or a long case respectively. Although a clear explanation of how to
undertake the mini-CEX is provided with the evaluation form (Appendix 1) this may not be
adequate. Scripted, videotaped performances have been used as a training tool for assessors of
students undertaking the mini-CEX in Year 6 primary practice [Eggleton, 2016] in the University
of Auckland MBChB programme and a similar format could also be developed as an optional
training resource for Year 4 Medicine assessors. Limiting the assessors to those with a faculty
commitment is another potential option, however, this would increase the strain on stretched
staff. Mandating that all assessor underwent a dedicated workshop or training session is also a
possible option, however, this may discourage people from becoming assessors.

One study has highlighted that the size of the institution which trains the students may also
contribute to variation in scores, with larger institutions noted to award higher grades than
small institutions [Rogausch, 2015]. There has been a steady and deliberate expansion in the
number of medical students trained at the University of Auckland, to manage the increased
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need for doctors in NZ [Poole, 2019]. This is not unique to NZ, and this has led to new clinical
sites being used to teach medical students [Perkins, 2013]. In Year 4 of the University of
Auckland MBChB programme, students spend their clinical year at one of six different sites,
with Rotorua and Tauranga, considerably smaller than Waitematā, Auckland, South Auckland
and Waikato. It was found that for the Specialty Medicine mini-CEX there was a significantly
lower score awarded to students who undertook their training in Tauranga (3.07) compared to
Waitemata (3.25, p < .01) and a significantly lower score than South Auckland (3.24, p < .01). Of
note, the effect of this was negligible. In addition this finding was not seen between Tauranga
and other sites or Rotorua and other sites. This finding was not replicated when evaluating the
General Medicine mini-CEX alone, nor was it seen when the General Medicine and Specialty
Medicine mini-CEX were combined. Thus, we can be reassured that in our institution, the
clinical training site is not influencing grades that students are awarded.

The student can enter medical school via several pathways. The NZ population has 15% Māori,
indigenous to NZ, and 7.4% Pacific Peoples. However, these groups are significantly
underrepresented in the healthcare workforce with only 2.6% Māori and 1.6% Pacific Peoples
being doctors [Curtis, 2013]. MAPAS is designed to address the lack of Māori and Pacific
healthcare professionals. This thesis demonstrates that MAPAS students have significantly
lower mini-CEX scores than General and RRAS students. Although this effect is trivial, and does
not impact on the overall grade awarded to MAPAS students, it does reinforce the need for
space for Māori and Pacific students to learn and connect, and the need for the dedicated
academic support provided by the MAPAS scheme [Curtis, 2013].

Reassuringly, when considering significant variables such as the seniority of the assessor,
gender, graduate status, cohort, entry scheme and clinical site in combination, we do not see a
difference in the final grade awarded for the mini-CEX.

100

6.3 – Use as a component of Programmatic Assessment.
The decision to reinvigorate of the MBChB programme in 2013 was driven by a paradigm shift
towards assessment for learning, rather than assessment of learning [Schuwirth, 2011]. When
considering the Clinical and Communications Skills domain, from this perspective it is seen that
four assessment tools are used to evaluate this aspect of the students’ ability: the mini-CEXs,
OSCEs (Musculoskeletal), a simulated patient evaluation (Drug and Alcohol assessment), and
CSAs. There are five assessments that occur throughout the year, with six that occur as part of
an end-of-year assessment. These tools should guide learning and provide the student with
direct and specific feedback [van der Vleuten, 2012]. As highlighted in the narrative review, a
key benefit of the mini-CEX, valued by both assessors and students, is immediate and direct
feedback [Dewi, 2010; Pernar, 2011; Suhoyo, 2014, Sudarso, 2016, Yanting, 2016]. The Drug
and Alcohol assessment also provides the student with feedback; the student critiques their
own performance, and receives feedback from an assessor. However, for the other
assessments there is less feedback to guide the students’ development. Only students who fail
or receive a borderline mark in the Musculoskeletal OSCE are provided with feedback by the
course coordinator, and this typically occurs several days after the assessment is completed
(Personal Communications, Dr Nichola Wilson). Personalized feedback following a summative
OSCE has been described [Harrison, 2015] and could be considered, although this many prove
challenging [Harrison, 2017]. If a student fails a single CSA station but passes all other
assessment for the year they are not provided with feedback for several weeks (Personal
Communications Dr Kira Bacal). Thus, we see that the mini-CEX is a particularly valuable
assessment tool, in supporting assessment for learning and the design of a programme of
assessment.

The key finding of this thesis was that the Clinical and Communications Skills domain, with the
11 clinical assessments, not as reliable a construct as desired (Cronbach’s alpha = .64), if the
commonly accepted standard for moderate reliability, a cutoff of .7 for Cronbach’s alpha, is
used [Nunnally, 1978]. On one hand, an even higher Cronbach’s alpha has been proposed for
high-stakes exams such as selection for admission to college or professional licensing [Sackett,
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2001]. On the other hand it is important to note that reliability, in this context, should be
interpreted cautiously. For instance it has been highlighted that the communication skills in
IMGs are context specific and so achieving a “satisfactory reliability” may be less important
[Baig, 2009]. In fact, it has been argued that if an adequate sample has been obtained, typically
by performing 7-11 assessments, using both naturalistic and structured assessments, then an
appropriate evaluation has occurred and a consideration of reliability is not mandatory [van der
Leuten, 2005].

It was demonstrated that all 11 clinical assessments had a positive correlation with the overall
Clinical and Communications Skills domain, albeit these correlations were weak or very weak. A
simple solution to improve reliability would be to remove a single assessment. However, using
an item-total correlation test, it was demonstrated removing any single assessment made the
reliability worse.

Using factor analysis, the current construct of 11 clinical assessments equally contributing to
the Clinical and Communications Skills domain, could not be supported using standard
goodness-of-fit indices. EFA was used to determine that the 11 clinical assessments grouped
into three clusters and SEM was used to generate a theoretical construct which grouped the
eleven assessments into three components: Component 1 (the General Medicine mini-CEX,
Specialty Medicine mini-CEX, and Drug and Alcohol assessment), Component 2 (the
Musculoskeletal OSCE 1 and 2) and Component 3 (the six CSAs). However, this construct means
that the student could fail the year if they fail one clinical assessment which defeats a key
feature of the design of the programme of assessment. Thus, an alternate system was
proposed, which involved an addition mini-CEX being performed and revision to the rubric for
marking of the for the Clinical and Communications Skills domain.

6.4 - Limitations.
A number of significant limitations exist for this thesis. Individual mini-CEX forms for 2013 and
2014 were reviewed to determine characteristics of assessors, which patients were being seen
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and how much time was spent with the student. There is a reasonably stable senior medical
workforce in the clinical teaching sites. However, it is possible that how the mini-CEX is being
used has changed. I was unable to determine how many students had an initial assessment,
which was a fail or borderline mark, and were offered a repeat assessment. Only the final grade
was available for use.

When consider the reliability of the overall Clinical and Communications Skills domain, only
Cronbach’s alpha, the most commonly used measure of reliability, was used. Initially, G-theory
was considered, as another method to assess reliability, and would also have evaluated the
variance that was contributing to the reliability of the mini-CEX. However, as there were a large
number of assessors, many of whom would only have evaluated the student in only one case,
this was not possible.

Other important measures at the value of an assessment tool [van der Vleuten, 1996] such as
its utility, validity, education impact, cost, and acceptability were not evaluated.

6.5 - Future Research.
To better understand the mini-CEX grade awarded it would be interesting to: 1.) have the
students’ entry GPA, UMAT and Year 3 GPA and undertake a regression analysis to provide a
clearer understanding of the impact of prior academic achievement on the mini-CEX score; and
2.) identify students that had a fail or a borderline pass in the mini-CEX and determine if this
predicted their final Year 4 grade, not just the grade for the Clinical and Communications Skills
domain and 3.) track changes in the mini-CEX that occur in Years 5 and 6 and determine their
impact on the Clinical and Communication Skills in subsequent year.

A qualitative study of assessors’ understanding of the mini-CEX, and how it is executed, would
be of interest to understand the large variation in time spent with the student. If a video
teaching resources of the mini-CEX was developed then inter-rater reliability could be explored.
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Qualitative research into how feedback to the student could be enhanced, in OSCEs, could be
undertaken.

6.6 - Conclusion.
This thesis demonstrates that the mini-CEX is being effectively used in Year 4 of the University
of Auckland MBChB programme. In both the General Medicine and Specialty Medicine
rotations, the majority of students achieve a pass or distinction, and a wide range of clinical
problems are evaluated. There are significant differences in the grade awarded between the
General Medicine and Specialty Medicine mini-CEX and significant differences based on the
seniority of the assessor, and entry characteristics of the student. However, the effect size of
these differences is minimal. Reassuringly, when combining potential sources of variance, no
difference in mini-CEX grade is seen attributable to assessor, gender, graduate status, cohort,
entry scheme or clinical site. The mini-CEX is one of several assessment tools used to evaluate
the student’s Clinical and Communication Skills. Importantly, it involves direct assessment of
patients in a “real world” setting and provides immediate feedback to guide the student in
addressing areas for development or consolidating skills. Consideration should be given to
reviewing the rubric used to assess the Clinical and Communication Skills domain and
recognising that this would impact on resourcing, consider increasing the number of mandatory
mini-CEX undertaken in Year 4.
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Appendix 1 - Versions of the mini-CEX used in NZ and selected Australian
Medical Schools.

Figure 9 – Initial version of the University of Auckland mini-CEX form.

This was initially used in 2013 and part of 2014.
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Figure 10 – Current University of Auckland mini-CEX form.

This was introduced partway through 2014 and remains the current version.
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Figure 11 - Page 1 of the Royal Australasian College of Physicians mini-CEX.
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Figure
Figure 12 - page 2 of the Royal Australasian College of Physicians mini-CEX.
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Figure 13 - The University of Otago mini-CEX form.
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Figure 14 - The University of Wollongong’s summative mini-CEX.
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FORMATIVE CLINICAL EXAMINATION – STUDENT (CEX-S)
MEDI603 - GRADUATE MEDICINE

1. ST U DE N T
N AM E :

S TU D EN T
N UM B ER :

2. L O CA T I ON ( GP PR AC T I CE/ A GE D
C A R E/ H OM E VIS IT / HO SP I TA L) :
3. P AT IE N T
P R OB LEM / DI A G NO SI S :
4. M AJ OR SK I LL (S)
A SS ESS ED :

1)

2)

C H O O SE F R O M T H E F O L L O W I NG SK I L L S L I ST : H I ST O R Y T A K I NG , E XAM I N AT I O N , C O M MU NI C AT I O N,
P RO F E S SI O N AL B E H AV I O U R S, CL I NI C AL J U DG E M E N T , AN D P RO CE DU R AL S K I L L S.
N B : T H E ACT I V I T Y B E I NG AS SE SSE D M U ST H AVE B E E N D I RE CT L Y O B SE R VE D B Y T H E AS SE S SO R

5. ST R EN G T HS : WH AT D I D T HE ST UD E NT D O WE L L?

6. IM P R O VEM EN TS: WH A T C OU L D T H E S TU D E N T DO B ET TE R O R DIF FE RE N TL Y TO IM P ROVE ?

7. A C TI O N P L AN : WH AT HA VE Y O U AN D T H E S TU D EN T A GR EE D T HE Y S H OU L D WO RK O N TO
E FF EC T IM PR O VEM E NT S?

8. T IM E S PE NT I N OB SE R V A T I ON A N D
F EE DB A CK :
[

] M I NS

Figure 15 – The University of Wollongong’s formative mini-CEX.
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Appendix 2 – University of Auckland Ethics Approval.
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