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Abstracts

Background: This study aims to assess the feasibility, reliability and validity of the panel-based Equal Z-score (EZ)
method applied to objective structural clinical examination (OSCE) of Chinese medical students and undertaking a
comparison with the statistical techniques-based Borderline Regression Method (BRM).

Methods: Data received from two cohorts of 6th and 7th year medical students in Taiwan who set the mock OSCE
as a formative assessment. Traditionally this medical school uses BRM to set the pass/fail cut-score. For the current
study, 31 OSCE panellists volunteered to participate in the EZ method in parallel to the BRM.

Results: In the conduct of this study, each panel completed this task for an OSCE exam comprising 12 stations
within less than 60 min. Moreover, none of the 31 panellists, whose are busy clinicians, had indicated that the task
was too difficult or too time-consuming. Although EZ method yielded higher cut-scores than the BRM it was found
reliable. Intraclass correlation (ICC) measuring absolute agreement, across the three groups of panellists was .893
and .937 for the first and second rounds respectively, demonstrating high level of agreement across groups with
the EZ method and the alignment between the BRM and the EZ method was visually observed. The paired t-test
results identified smaller differences between the cut-scores within methods than across methods.

Conclusions: Overall this study suggests that the EZ method is a feasible, reliable and valid standard setting
method. The EZ method requires relatively little resources (takes about an hour to assess a 12 station OSCE); the
calculation of the cut-score is simple and requires basic statistical skills; it is highly reliable even when only 10
panellists participate in the process; and its validity is supported by comparison to BRM. This study suggests that
the EZ method is a feasible, reliable and valid standard setting method.
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Background
Commonly, standard setting methods aim to distinguish
between competent and incompetent examinees who sit
a test or an examination (these terms are used inter-
changeably). Standard setting was as an umbrella term,
incorporating consensual approaches of panels of
experts to set discrete cut-scores on continuous test per-
formance scales [1]. Among the panel based standard
setting methods, the most commonly used are the Ang-
off method [2, 3], the Hofstee and Beuk methods [4] and
the Bookmark method [5]. In these methods, panellists
who are experts in the assessed topic and familiar with
the curriculum and the expected student level of per-
formance, make judgment about item or the entire test
difficulty. Then the examination’s cut-score is calculated
from the aggregated panellists’ decisions.
There are also other standard setting methods which

do not use expert panels but rather employ statistical
techniques using test scores generated by examinees
without further judgment. Among these are the Border-
line Regression Method (BRM); The Objective Border-
line Method (OBM), the Cohen Method [6–9]. It is
however, commonly acceptable, that a panel based
standard setting method, which is informed by examin-
ation results yielded from an advanced psychometric
analysis such as Item Response Theory (IRT) [10] or
Rasch models [11] (e.g. the Item Mapping and the Book-
mark methods), provides trustworthy standards for edu-
cational examination [12, 13].
Fig. 1 Calculation of the cut-score (EZ method)
Recently, a few new standard setting methods have been
introduced to the literature. Among them are the Cohen
Method [14], The Objective Borderline Methods (OBM &
OBM2) [15, 16] and a new method incorporating some
principles form both the Angoff and the Hofstee methods
[6], which has not yet been properly named [17]. The
current study focuses on this new method [17] which after
a consultation with the authors we decided to name it the
Equal Z-score method, in short the ‘EZ method’, which
may also be pronounced: the ‘easy method’.
The EZ method was introduced as a panellist-based

method of which each member of a panel of experts in
the topic covered by the examination, the curriculum
and the expected learning outcomes, is requested to re-
view all examination items and then provide numeric
answers to the following two questions: (a) What would
be the lowest score that indicates the examinee is with-
out any doubt, clearly competent in the topics assessed
(lowest passing mark = H); and (b) What would be the
highest score that indicates the examinee is without any
doubt, clearly incompetent in the topics assessed (high-
est failing mark = L). Then the means and standard er-
rors of the means are calculated for the lowest passing
mark and highest failing mark (Fig. 1).
Using these products, the calculated cut-score is the

point where the distance between the determined cut-
score and L (measured by z-score from data related to
‘L’) is equal to the distance between the determined cut-
score and the H (measured by z-score from data related
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to ‘H’) (Fig. 1), hence that name ‘Equal Z method. It is
possible and very likely that in the 2 z-scores would have
different absolute values, yet, cut-score is placed where
the confidence that the cut-score is not a clear fail equals
to the confident that the cut-score is not clear pass .
When introduced, the EZ method was demonstrated

with a panel of 17 panellists testing 20 multiple choice
items. Although the results were promising, no compari-
son with other standard setting method was presented
and the test items were used only for demonstration.
The main objective of the current study was to assess
the feasibility of the EZ method in real life circum-
stances, to assess its reliability and validity including
undertaking a comparison of the results to another well-
established standard setting method (Borderline Regres-
sion Method; henceforth BRM) [18].
Methods
Setting and sample
This study was conducted in a medical centre in north
Taiwan. Medical students in Taiwan undertake OSCE in
their final year, and the medical centre holds two ses-
sions of mock OSCE every year prior students taking the
national OSCE in April and May. Last-year medical
students in the medical centre between June 2018 and
May 2019 were recruited to this study. Noteworthy that
medical training in Taiwan was changed from 7 years to
6 years in 2013, therefore this study used data of two co-
horts of students in their last year in the program: 6th
and 7th year during this period. The first mock OSCE
was conducted in September and October 2018, and the
second one was in January and February 2019.
The OSCE stations include topics of medicine, surgery,

paediatric, obstetrics and gynaecology, and procedures.
The tested skills include procedure, history taking, pa-
tient communication and education, and recognition of
patient condition and treatment explanation.
Each mock OSCE includes two versions (round 1 and

round 2) and students underwent only one of these ver-
sions by a simple randomisation. In each cohort about
half of the students were examines in round 1 and the
other half in round 2. Therefore, each student takes one
round in the first mock OSCE and another round in the
second mock OSCE. It is noted that the mock OSCE is a
formative assessment and no overall pass or fail is pro-
vided to the students.
Regarding to determining the sample size, although

there is no literature regarding to the number of exam-
inees needed for borderline regression method, a conven-
tional estimate with power 0.8 and alpha 0.05 suggested
that the minimum examinees would be 20 [19]. Similarly,
there is no literature suggesting the sample size for EZ
model. However, our unpublished pilot study suggested
that 99.99% of confidence could be obtained with 11
panellists.

Marking sheets and standard settings
Traditionally this medical school uses borderline regres-
sion method to set the pass/fail cut-score. In the mark-
ing sheet, a set of items are listed to be marked as
‘completely achieved (two points)’, ‘partially achieved
(one point)’ and ‘not demonstrated (zero point)’. The
sum is added from all items in the station. Another mark
is given as global ratings, and five ratings are as ‘bad (1)’,
‘need more efforts (2)’, ‘normal (3)’, ‘good (4)’ and ‘excel-
lent (5)’. A linear regression then is calculated by global
ratings as independent variable and sum of items as
dependent variable. The cutting score is determined by
sum of items, and it is calculated by setting global rat-
ings as 2 (‘need more efforts’) in the regression formula
within each station.
For the current study, 31 OSCE panellists volunteered

to participate in the EZ standard setting method at the
medical centre. Following a brief (10 min) introduction of
how to set the two scores the panellists were given 50min
to review the first mock OSCE items (12 stations of round
1 and round 2) and individually indicating their highest
passing mark and lowest passing mark for this OSCE
(round 1). After a short break (10min) the panellists were
given another 50min to repeat the process for the second
mock OSCE (another 12 stations of round 1 and round 2).

Data analysis
In this quantitative study, all data collected from mock
OSCEs and EZ standard setting exercise were recorded
to Microsoft Excel® for MS Office 365® electronically.
Demographical data were reported in the flow chart
(Fig. 2). For borderline regression, we calculated the
slope, intercept, and standard error to generate the for-
mula, cut point and the confidence interval for each sta-
tion when global rating was set at 2. For the EZ method,
mean and standard error for ‘lowest passing mark’ and
‘highest failing mark’ were calculated respectively; and
the z-score were obtained to calculate the cut-scores.
The z-scores were also used to calculate the levels of
confidence. All cut scores and confidence intervals were
presented in points out of 100 corresponding to the per-
cent of correct items in the station.
Intraclass correlation measuring absolute agreement

(henceforth ICC) was used to estimate the inter panel
and inter method agreement, and paired t-test was per-
formed to identify the differences among panels of EZ
method and cohorts of examinees.

Ethical review
The conduct of the study was approved by Institutional
Review Board of the medical centre ref.: 2018–01-



Fig. 2 Flow chart of the OSCE
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006CC.Consent was exempted for this minimal risk
research.

Results
A total of 257 and 208 medical students participated in
2018 and 2019 mock OSCE respectively (Fig. 2). The
number of panellist for EZ method were 12, 10 and 9 re-
spectively in three different days. Details of cut-scores in
each station are shown in Tables 1 and 2 summarises
the means of cut-scores for each standard setting
methods and sessions. Overall, the results of this study
demonstrate that the EZ method is reliable, yet it yields
higher cut-scores than the BRM (Tables 1 and 2). The
results also demonstrate consistency across groups
within the BRM and across groups of panellists within
the EZ Method (Tables 1 and 2).
Intraclass correlation (ICC) measuring absolute agree-

ment, across the three groups of panellists was .893 and
.937 for the first and second rounds respectively (Table 3),
demonstrating high level of agreement across groups with
the EZ method. Within the BRM the ICC yielded similar
values .938 and .744 for the first and second rounds
respectively. Of note are the measures of confidence. The
alignment between the BRM and the EZ method is also
visually observed (Fig. 3).
The RBM yielded 95% CI ranged between 2.85 to 9.37

(mean = 5.60) points out of 100), whereas the EZ method
used a direct method of confidence which ranged be-
tween 85 to 100% confidence (mean 96.71%) that the
cut-score is neither clear pass nor clear fail. When the
results from the 31 panellists were put together the con-
fidence level was ≥99.43%.
The paired t-test results identified smaller differences
between the cut-scores within methods than across
methods (Table 4). Differences among cohorts using
borderline regression method was not significant, while
significant differences were identified among EZ method
panels.

Discussion
The main objective of this study was to assess the feasi-
bility reliability and validity of the EZ method [17]. The
discussion below focuses on each of these key features,
which are most important when the quality of a standard
setting is assessed.

Feasibility
Undertaking the EZ method is relatively an easy process.
The panellists need to review the whole examination
items and determine only two marks: the highest score
indicating the examinee is clearly incompetent (the high-
est failing mark) and the lowest score indicating the
examinee is clearly competent (the lowest passing mark).
In the conduct of this study each panel completed this
task for an OSCE exam comprising 12 stations within
less than 60 min. This time is comparable to the time re-
quired from panellists applying the Hofstee’s method [6]
(p 209–215) and is much shorter than the time required
for the Angoff or Bookmark methods [20, 21]. The
current study employed 31 panellists whom all are busy
clinicians, yet none had indicated that the task was too
difficult or too time-consuming.
The main differences between the EZ method [17] and

the Hofstee method [4] is related to the questions the



Table 1 Cut-score yielded from the Borderline Regression and the EZ Methods

Borderline Regression Method
(year 6)

Borderline Regression Method
(year 7)

EZ Method
day 1

EZ Method
day 2

EZ Method
day 3

EZ Method
overall

CS 95%CI CS 95%CI CS Conf (%) CS Conf (%) CS Conf (%) CS Conf (%)

Station No.* L H L H

1–1 49.20 46.52 51.87 40.81 38.04 43.59 49.47 100.00 58.98 99.95 55.71 93.20 54.87 100.00

1–2 41.88 39.02 44.73 51.51 49.35 53.66 60.63 99.75 57.62 99.67 59.29 95.45 59.28 100.00

1–3 47.70 44.24 51.17 49.04 46.78 51.30 62.11 98.80 56.63 99.62 59.15 92.86 59.60 99.99

1–4 53.96 50.83 57.10 63.12 60.36 65.88 74.37 97.18 70.57 95.41 75.32 94.75 73.53 99.87

1–5 64.87 62.03 67.71 64.89 62.71 67.08 65.97 99.50 61.39 98.56 71.05 99.23 66.21 99.99

1–6 58.70 55.89 61.51 59.70 56.66 62.73 51.71 99.26 54.34 96.81 52.15 92.72 52.84 99.97

1–7 42.32 39.79 44.85 42.42 39.62 45.22 56.07 99.87 51.61 99.74 59.71 96.34 55.64 100.00

1–8 51.00 48.23 53.77 49.09 44.23 53.96 58.11 99.84 53.27 98.04 62.62 90.30 57.91 99.97

1–9 66.55 63.70 69.39 65.03 63.28 66.77 60.01 99.92 57.13 99.51 59.46 95.29 58.67 100.00

1–10 35.56 33.08 38.03 29.31 26.77 31.86 53.70 99.61 54.27 93.70 59.53 88.08 55.82 99.89

1–11 63.18 60.83 65.54 62.35 59.03 65.67 62.40 98.97 63.18 96.91 66.74 86.67 64.04 99.90

1–12 52.82 49.11 56.54 50.77 47.94 53.59 62.83 97.65 63.59 95.62 68.22 93.13 64.69 99.89

2–1 55.55 53.71 57.38 49.67 47.28 52.06 55.51 99.57 61.53 99.88 58.70 96.66 58.10 100.00

2–2 41.19 39.24 43.13 43.52 42.09 44.94 52.07 99.98 52.01 99.24 54.18 96.66 52.74 100.00

2–3 55.07 52.72 57.43 55.97 53.99 57.96 59.11 97.59 52.78 98.08 64.31 95.79 58.63 99.93

2–4 66.55 63.46 69.63 54.71 52.23 57.19 69.75 94.04 66.99 97.41 72.39 85.13 69.61 99.43

2–5 61.61 58.61 64.60 61.71 59.73 63.68 64.94 99.07 64.37 97.08 68.79 85.24 66.00 99.91

2–6 50.93 46.67 55.19 49.17 47.35 51.00 57.35 98.73 51.07 98.76 58.42 95.34 55.75 99.98

2–7 57.32 55.38 59.26 49.81 48.07 51.54 61.41 98.60 59.27 99.94 61.93 98.49 60.92 100.00

2–8 44.33 42.56 46.10 46.44 44.10 48.79 59.56 99.57 59.22 98.89 61.71 93.16 60.10 99.99

2–9 51.32 48.31 54.33 57.68 54.15 61.21 57.96 99.03 55.83 99.45 58.24 97.12 57.42 100.00

2–10 56.17 52.46 59.88 38.61 34.15 43.06 60.47 95.94 56.46 98.22 62.03 95.00 59.73 99.92

2–11 64.82 59.95 69.68 66.33 63.37 69.29 68.72 97.48 70.63 94.95 72.61 91.67 70.53 99.85

2–12 55.96 51.45 60.48 59.65 56.32 62.98 71.12 93.27 70.51 97.65 76.44 98.17 72.35 99.83

*Stations 1–1 to 1–12 were of first mock OSCE, stations 2–1 to 2–12 were of second mock OSCE. First six stations were round 1 and latter six ones were round 2
in each mock OSCE
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panellists are required to address. Hofstee method [4]
asked the panellists four questions: (1) What is the high-
est percent correct cut score that would be acceptable,
even if every examinee attains that score? (2) What is
the lowest per-cent correct cut score that would be ac-
ceptable, even if no examinee attains that score? (3)
Table 2 Mean Cut-scores by method by session

Method Exam/Session CS 95%CI

Lo Hi

BRM BRM.Y6.CS 53.75 50.08 57.42

BMR.Y7.CS 52.63 48.60 56.65

EZ EZ.Day1.CS 60.63 57.98 63.27

EZ.Day2.CS 59.33 56.72 61.95

EZ.Day3.CS 63.25 60.44 66.06

EZ Altogether 61.17 58.62 63.71
What is the maximum acceptable failure rate? and (4)
What is the minimum acceptable failure rate? The EZ
method [17] asks the panellists two questions only: (1
What would be the lowest score that indicates the exam-
inee is without any doubt, clearly competent in the
topics assessed? and (2) What would be the highest
score that indicates the examinee is without any doubt,
clearly incompetent in the topics assessed? The first two
questions of Hosftee’s method [4] are quite similar to
Table 3 Intraclass correlation between EZ method and BRM
cutscores

BRM.Y6.CS BMR.Y7.CS

EZ.Day1.CS 0.518 0.548

EZ.Day2.CS 0.56 5.46

EZ.Day3.CS 0.431 0.414

p < 0.01



Fig. 3 cut-scores by methods, sessions and stations

Table 4 Comparison of mean cut-scores across methods and sessions

Mean SD SE 95% CI of the difference t df p-value

Lo Hi

First mock OSCE BRM.Y6.CS - BRM.Y7.CS 0.08 5.30 1.530 −3.28 3.45 0.054 11 0.958

EZ.Day1.CS - EZ.Day2.CS 1.17 4.34 1.254 −1.59 3.93 0.930 11 0.372

EZ.Day1.CS - EZ.Day3.CS − 2.67 3.45 0.995 −4.86 −0.48 −2.680 11 0.021

EZ.Day2.CS - EZ.Day3.CS − 3.83 4.20 1.211 −6.50 −1.17 −3.165 11 0.009

BRM.Y6.CS - EZ.Day1.CS − 7.33 9.91 2.861 − 13.63 −1.04 − 2.563 11 0.026

BRM.Y6.CS - EZ.Day2.CS − 6.17 9.34 2.696 −12.10 − 0.23 −2.287 11 0.043

BRM.Y6.CS - EZ.Day3.CS − 10.00 10.15 2.931 −16.45 − 3.55 −3.412 11 0.006

BRM.Y7.CS - EZ.Day1.CS − 7.42 9.10 2.627 − 13.20 −1.63 − 2.823 11 0.017

BRM.Y7.CS - EZ.Day2.CS − 6.25 9.75 2.815 − 12.45 −0.05 − 2.220 11 0.048

BRM.Y7.CS - EZ.Day3.CS − 10.08 10.57 3.051 −16.80 − 3.37 −3.305 11 0.007

Second mock OSCE BRM.Y6.CS - BRM.Y7.CS 2.17 7.04 2.033 −2.31 6.64 1.066 11 0.309

EZ.Day1.CS - EZ.Day2.CS 1.42 3.34 0.965 −0.71 3.54 1.468 11 0.170

EZ.Day1.CS - EZ.Day3.CS − 2.58 1.62 0.468 −3.61 −1.55 −5.519 11 < 0.0001

EZ.Day2.CS - EZ.Day3.CS − 4.00 3.41 0.985 −6.17 −1.83 −4.062 11 0.002

BRM.Y6.CS - EZ.Day1.CS − 6.42 5.00 1.443 −9.59 − 3.24 −4.446 11 0.001

BRM.Y6.CS - EZ.Day2.CS − 5.00 5.88 1.697 −8.73 − 1.27 −2.947 11 0.013

BRM.Y6.CS - EZ.Day3.CS − 9.00 5.29 1.528 − 12.36 − 5.64 −5.892 11 < 0.0001

BRM.Y7.CS - EZ.Day1.CS − 8.58 6.11 1.764 − 12.47 −4.70 − 4.865 11 < 0.0001

BRM.Y7.CS - EZ.Day2.CS − 7.17 6.34 1.829 − 11.19 − 3.14 −3.918 11 0.002

BRM.Y7.CS - EZ.Day3.CS − 11.17 6.04 1.744 −15.01 −7.33 − 6.401 11 < 0.0001
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the two EZ method [17] question. Nonetheless, these
questions are phrased in very different way. Hofstee’
questions focus on acceptability whereas the EZ method
focuses on the panellist’s confidence without doubt that
the mark indicated clear fail or clear pass. In other
words, the questions asked by EZ method push the
panellists to focus on certainty whereas Hosftee’s
method pushes the panellists to focus on what they be-
lieve is acceptable by others. Trying to ascertain what
others believe is acceptable adds more factors to the de-
cision making and may involve some unintended social
desirability biases [22]. On the other hand, unlike the
Hofstee method, the EZ method has no consideration of
the expected passing rate, and in that regard the EZ
method is regarded as a criterion-based rather than a
norm-based standard setting method.
The EZ method should also be compared to the Ang-

off method. The Angoff method employs panellists that
review each examination item independently and then
make a decision upon the probability that a hypothetical
minimally competent examinee would answer that item
correctly [2, 3] (p81–95). The Angoff method which is
widely used is a very lengthy process compared to the
EZ method and conceptually is far more challenging.
The Angoff method asks panellists to make decision
upon a hypothetical minimally competent examinee,
which is pretty vague and subjected to individual percep-
tion of who is that minimally competent examinee. Then
the panelist is required to estimate the probability that
the hypothetical examinee would correctly answer each
item. Estimating probabilities with no numeric data
available has limited validity [23]. In comparison the EZ
method asks a very simple and concrete question about
what the panellist is certain about (minimum passing
score and maximum failing score). In that regard, the EZ
method seems to be superior to the Angoff method. On
the other hand, it may be argued that estimating each
item individually may be a more thorough process com-
pared to the holistic approach utilised by the EZ and the
Hofstee methods.
An important feature of feasibility is related to the

statistical / technical skills required for calculating the
cut-scores. The EZ method requires basic technical/stat-
istical skills since the equations and formulae are readily
available (Fig. 1) and everyone with basic mathematical
skills would be able to calculate the cut-score using a
simple calculator or a spreadsheet. This simplicity is
shared with the Hofstee and the Angoff methods. On
the other hand, other methods such as the Bookmark or
the BRM [7] require advanced knowledge in statistics
and psychometrics.
Overall, in terms of feasibility the EZ method requires

relatively little time (about 60 min) to be implemented;
about 10 panelists would yield sufficiently reliable
results, it uses a simple language with clear criteria for
judgment; and it requires basic mathematical skills with
no need to access any advanced statistical psychometri-
cal software. All of that makes the EZ method a feasible
standard setting method.

Reliability
Measuring the reliability of the EZ method is not a
straight forward process. The EZ method does not re-
quire any particular level of inter-rater agreement since
the disagreement is inherently presented in the confi-
dence yielded from the standard error of the means of
the lowest passing marks and the highest failing marks
and is directly influencing the yielded cut-score. Thus,
the appropriate measure of reliability is measuring inter-
panel agreement. Yielding ICC value of .893 and .937 for
the first and the second rounds, respectively, demon-
strates very high level of inter-panel reliability. The other
measure of reliability is the confidence that the cut-score
is neither equal or higher than the lowest passing mark,
nor equal or lower than the highest failing mark. This
measure is calculated from the standard errors of the mean
of the lowest passing mark and from mean of the highest
failing mark as determined by the panellists (Fig. 1). With
very few exceptions, the confidence levels were over 95%
which is desirable. However, when the 31 panellists were
considered as a single panel, the level of confidence was
very high (≥99.43%). Note that it is possible to combine all
panellists into one panel since each panellist makes the
judgment independent to others with no communication
between panellists during the process. Presenting a cut-
score with the statistical confidence that it is neither equal
or higher than the lowest passing mark nor equal or lower
than the highest failing mark is very important for all
stakeholders and obviously strengthens the defensibility of
the cut-scores provided.

Validity
An essential yet not sufficient evidence for validity is evi-
dence for reliability, which has already been established
above. On top of that, it is important to add that the EZ
method has a slight advantage over most other methods
by including the standard error of the means (SE) as an
integral part of the cut-score calculation. This inclusion
coupled with the measure of confidence provides im-
portant information on the determined cut-score. The
yielded cut-score is a product of both panellists’ judg-
ment and their level of agreement. No other standard
setting methods has that unique and so informative
feature.
Since there is no gold standard for any cut-score nor

for any standard setting method [3, 24], a comparison of
cut-scores produced from different standard setting
methods cannot determine either validity or otherwise.
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Almost all previous studies that compared cut-scores
yielded from different methods found significant differ-
ences in the cut-scores across method. The results of the
current study are in line with that literature (Table 4).
Nonetheless, despite the significant differences in the
cut-scores between the EZ and the BRM methods, the
level of agreement measured by Intraclass correlation
(ICC) was acceptable (.414 < r < .556) (Table 2). The vis-
ual presentation of the agreement between methods also
strengthens that argument (Fig. 3).
Furthermore, the EZ method offers some unique fea-

tures, not explicitly addressed in other standard setting
methods. The main point of difference is the focus on
the thresholds between the clear pass or clear fail and
the ‘borderline zone’ [25]. Although that focus had
already been introduce by Willem Hofstee about four
decades ago [4], the EZ method advances that approach
by estimating and utilising the confidence around these
two thresholds (‘lowest passing mark’ and ‘highest failing
mark’). This utilisation leads to a new concept that
emphasising the need to place the cut-score not neces-
sarily at the nominal middle point between the lowest
passing mark and highest failing mark, but rather at the
point where there is an equal chance for the cut score
being neither lowest passing mark (or higher) nor being
highest failing mark (or lower) [17]. This feature is a
major strength of the EZ methods since otherwise the
cut-score might be biased either toward the passing
mark or towards the failing mark [17].

Limitations
This study may have some limitations. The most obvious
one is that the comparison of the EZ method was made
against only one other method (the BRM). Nonetheless,
comparison of standard setting methods rarely involve
more than two methods [26] and most comparisons were
made between two methods only or within the same
method under slightly different conditions [27–30]. More-
over, it has also been suggested that the variability of cut-
scores within methods is as large as the variability across
methods [31]. The current study demonstrates that the
variability across methods was much greater than the
variability within the methods (Table 2). Therefore, it is
suggested that although more comparisons are recom-
mended, the setting of this study was sufficiently robust.
Another important limitation is that the comparison was
made between methods that conceptually and technically
are very different, which raises the question of what is
really being compared? The BRM is a post-test,
examination-based method, which requires no panellists,
whereas the EZ method uses panellists only and is under-
taken independently to the examination results. An alter-
native design might have been a comparison of the EZ
method to the Angoff of the Hofstee methods, which
would then provide more information on the particular
features of the decision-making process across methods.
Although desirable, such a design required resources that
were not available for the current study. It is therefore
strongly recommended that future studies would follow
such a practice. The other limitation is that the optimal
number of panellists for EZ method is not known yet,
while a simulation study of Angoff method suggested 15
judges for precise estimates [3]. The comparison for the
number of panellists could be critical for the time and cost
for standard setting recruitment. Nonetheless, it must be
noted that employing 15 panellist for a task of an hour
would end up with 15 ‘person hours’ for 12 station OSCE;
whereas Angoff and similar methods require the panellist
to participate in a much lengthier process which would
end up with many more ‘person hours’ [32].
Conclusions
Overall this study suggests that the EZ method is a feasible,
reliable and valid standard setting method. In summary it
requires relatively little resources (takes about an hour to
assess a 12 station OSCE); the calculation of the cut-score
is simple and requires basic statistical skills; it is highly
reliable even when only 10 panellists participate in the
process; its validity is supported by comparison to another
(very different) standard setting method (BRM), and it is
statistically robust. All of that makes the EZ method worth
the name we have given it ‘The EZ (easy) Method’.
Abbreviations
EZ method: Equal Z-score method; BRM: Borderline Regression Method;
OBM: Objective Borderline Methods; OSCE: Objective Subjective Clinical
Examinations
Acknowledgements
The authors would like to thank all the OSCE panellists, standardized patients
and medical students who participated in this study.
Authors’ contributions
BS has made substantial contributions to the study concept and design, the
analysis of the data, interpretation of the results, writing and critically
reviewing of the manuscript. YYY has made substantial contributions to the
study concept and design, data collection, the analysis of the data,
interpretation of the results, writing and critically reviewing of the
manuscript. PHH has contributed to data collection, the analysis of the data,
interpretation of the results, writing and critically reviewing of the
manuscript. LYY has contributed to the study design, data collection,
interpretation of the results, writing and critically reviewing of the
manuscript. CCH (Chin-Chou Huang) has contributed to the interpretation of
the results, writing and critically reviewing the manuscript. CCH (Chia-Chang
Huang) has contributed to the interpretation of the results, writing and
critically reviewing the manuscript. CWL has contributed to the
interpretation of the results and critically reviewing the manuscript. SSH has
contributed to the interpretation of the results and critically reviewing the
manuscript. CHC has contributed to the interpretation of the results and
critically reviewing the manuscript. FYL has contributed to the interpretation
of the results, writing and critically reviewing the manuscript. SYK has
contributed to the interpretation of the results and critically reviewing the
manuscript. The authors read and approved the final manuscript.



Shulruf et al. BMC Medical Education          (2020) 20:167 Page 9 of 9
Authors’ information
BS is the professor of medical education research,, University of New South
Wales, Sydney, Australia; YYY is the professor of faculty of medicine, institute
of clinical medicine, National Yang-Ming university, director of clinical skill
center, department of medical education, Taipei Veterans General Hospital;
PHH, is a PhD students of University of New South Wales, Sydney, Australia,
and a resident doctor of Taipei Veterans General Hospital; LYY, is the vice
present of office of academic affair, National Yang-Ming university, chief of
department of medical education, Taipei Veterans General Hospital; CCH,
CCH, CWL, SSH, are associated professors of National Yang-Ming university,
physician educators of Department of Medical Education; CHC is the dean of
school of Medicine. National Yang-Ming University, professor of Taipei
Veterans General Hospital; FYL and SYK are the Professors & Vice presidents
of Taipei Veterans General Hospital.
All authors have read and approved the final manuscript.

Funding
This study was funded by the government Ministry of Health and Welfare
and Taiwan Association of Medical Education (TAME), grants MOST 106–
2511–5010-001-MY3, 107F-M01–0603, 107QC018–2, V107EA-008, V108EA-006,
and V109C-024.

Availability of data and materials
The datasets used and/or analyses of the current study are available from
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Competing interests
Boaz Shulruf is a member of the Editorial Board for BMC Medical Education.
All other authors declare that they have no competing interests.

Author details
1University of New South Wales, Sydney, Australia. 2National Yang-Ming
University, Taipei, Taiwan. 3Taipei Veterans General Hospital, Taipei, Taiwan.
4Taichung Veterans General Hospital, Yuli, Taiwan.

Received: 29 December 2019 Accepted: 14 May 2020

References
1. Pant H, Rupp A, Tiffin-Richards S, Köller O. Validity issues in standard-setting

studies. Stud Educ Eval. 2009;35(2–3):95–101.
2. Angoff W. Scales, norms, and equivalent scores. In: Thorndike R, editor.

Educational measurement. 2nd ed. Washington, DC: American council on
education; 1971. p. 508–600.

3. Shulruf B, Poole P, Wilkinson T, Weller J, Jones P. Insights into the Angoff
method: results from a simulation study. BMC Med Educ. 2016;16:134.

4. Hofstee W. The case for compromise in educational selection and grading.
In: Anderson S, Helmick J, editors. On educational testing. San Francisco:
Jossey-Bass Publishers; 1983. p. 109–27.

5. Karantonis A, Sireci S. The bookmark standard-setting method: a literature
review. Educ Meas Issues Pract. 2006;25(1):4–12.

6. Cizek G, Bunch M. Standard setting: a guide to establishing and evaluating
performance standards on tests. London: Sage Pubns; 2007.

7. Wood T, Humphrey-Murto S, Norman G. Standard setting in a small scale
OSCE: a comparison of the modified borderline-group method and the
borderline regression method. Adv Health Sci Educ. 2006;11(2):115–22.

8. Shulruf B, Adelstein B, Damodaran A, Harris P, Kennedy S, O’Sullivan A,
Taylor S. Borderline grades in high stakes clinical examinations: resolving
examiner uncertainty. BMC Med Educ. 2018;18(272):1–9.

9. Taylor C. Development of a modified Cohen method of standard setting.
Med Teach. 2011;33(12):e678–82.

10. Fan X. Item response theory and classical test theory: an empirical
comparison of their item/person statistics. Educ Psychol Meas. 1998;58(3):
357–81.

11. Rasch G. An item analysis which takes individual differences into account. Br
J Math Stat Psychol. 1966;19:49–57.
12. Baldwin P, Margolis M, Clauser B, Mee J, Winward M. The choice of
response probability in bookmark standard setting: an experimental study.
Educ Meas Issues Pract. 2019;39:37–44.

13. Lewis D, Lord-Bessen J. Standard setting. In: Van der Linden W, editor.
Handbook of item response theory volume three applications. London:
Chapman & Hall/CRC; 2018.

14. Cohen-Schotanus J, van der Vleuten C. A standard setting method with the
best performing students as point of reference: practical and affordable.
Med Teach. 2010;32(2):154–60.

15. Shulruf B, Turner R, Poole P, Wilkinson T. The objective borderline method
(OBM): a probability-based model for setting up an objective pass/fail cut-
off score for borderline grades in medical education programmes. Adv
Health Sci Educ. 2013;18(2):231–44.

16. Shulruf B, Damodaran A, Jones P, Kennedy S, Mangos G, O’Sullivan A, Rhee
J, Taylor S, Velan G, Harris P. Enhancing the defensibility of examiners’ marks
in high stake OSCEs. BMC Med Educ. 2018;18(10):1–9.

17. Shulruf B, Coombes L, Damodaran A, Jones P, Lieberman S, Poole P, Rhee J,
Wilkinson T, Harris P. Cut-scores revisited: feasibility of a new method for
group standard setting. BMC Med Educ. 2018;18(126):1–8.

18. Homer M, Fuller R, Hallam J, Pell G. Setting defensible standards in small
cohort OSCEs: understanding better when borderline regression can ‘work’.
Med Teach. 2019;42:1–10.

19. Dupont D, Plummer W. Power and sample size calculations for studies
involving linear regression. Control Clin Trials. 1998;19:589–601.

20. Harasym P. A comparison of the Nedelsky and modified Angoff standard-
setting procedure on evaluation outcome. Educ Psychol Meas. 1981;41(3):
725–34.

21. Peterson C, Schulz EM, Engelhard G Jr. Reliability and validity of bookmark-
based methods for standard setting: comparisons to Angoff-based methods
in the National Assessment of educational Progress. Educ Meas Issues Pract.
2011;30(2):3–14.

22. Paulhus D. Socially desirable responding: The evolution of a construct. In:
Braun HI, Jackson DN, Wiley DE, Messick S, Mahwah NJ, editors. The role of
constructs in psychological and educational measurement: Lawrence
Erlbaum Associates; 2002. p. 49–69.

23. Tversky A, Kahneman D. Judgment under uncertainty: heuristics and biases.
Science. 1974;185(4157):1124–31.

24. Champlain A. Standard setting methods in medical education. In: Swanwick
T, editor. Understanding medical education: evidence, theory and practice.
London: Wiley; 2014. p. 305–16.

25. Shulruf B, Poole P, Jones P, Wilkinson T. The objective borderline method
(OBM): a probabilistic method for standard setting Assessment and
Evaluation in Higher Education; 2014.

26. Yousuf N, Violato C, Zuberi R. Standard setting methods for pass/fail
decisions on high-stakes objective structured clinical examinations: a validity
study. Teach Learn Med. 2015;27(3):280–91.

27. Pantzare A. Validating standard setting: comparing judgmental and
statistical linking. Cham: Springer; 2017.

28. Stone G, Koskey K, Sondergeld T. Comparing construct definition in the
Angoff and objective standard setting models. Educ Psychol Meas. 2011;
71(6):942–62.

29. Jalili M, Hejri S, Norcini J. Comparison of two methods of standard setting:
the performance of the three-level Angoff method. Med Educ. 2011;45(12):
1199–208.

30. George S, Haque S, Oyebode F. Standard setting: comparison of two
methods. BMC Med Educ. 2006;6(1):46.

31. Bontempo B, Marks C, Karabatsos G. A meta-analytic assessment of
empirical differences in standard setting procedures. San Diego: Annual
meeting of the American Educational Research Association; 1998.

32. Verheggen M, Muijtjens A, Van Os J, Schuwirth L. Is an Angoff standard an
indication of minimal competence of examinees or of judges? Adv Health
Sci Educ. 2008;13(2):203–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


	Abstracts
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Setting and sample
	Marking sheets and standard settings
	Data analysis
	Ethical review

	Results
	Discussion
	Feasibility
	Reliability
	Validity
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

