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Abstract The decision to pass or fail a medical student is a ‘high stakes’ one. The aim of
this study is to introduce and demonstrate the feasibility and practicality of a new objective
standard-setting method for determining the pass/fail cut-off score from borderline grades.
Three methods for setting up pass/fail cut-off scores were compared: the Regression
Method, the Borderline Group Method, and the new Objective Borderline Method (OBM).
Using Year 5 students’ OSCE results from one medical school we established the pass/fail
cut-off scores by the abovementioned three methods. The comparison indicated that the
pass/fail cut-off scores generated by the OBM were similar to those generated by the more
established methods (0.840 < r < 0.998; p < .0001). Based on theoretical and empirical
analysis, we suggest that the OBM has advantages over existing methods in that it com-
bines objectivity, realism, robust empirical basis and, no less importantly, is simple to use.
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Introduction

Students who are eligible to gain entry to a medical programme are often considered to be
the ‘cream of the crop’ in terms of being high-achieving and academically-focussed
individuals. However, the reality is that within any medical programme, there is always a
small group of students who receive borderline pass or fail grades in a range of assess-
ments. This group causes a persistent challenge for teaching staff and administrators in
determining whether or not these students should pass, and thence progress through the
programme and ultimately into the medical workforce, or should receive a fail grade as
they have not yet met the standard. Making a wrong decision in passing a borderline
student could have negative consequences in perpetuating weaknesses in applied knowl-
edge and performance (for example see: Hays et al. 2008). In medicine, this may literally
be life-threatening. On the other hand, failing a student with the attributes to be a good
doctor has adverse consequences for the student and is a loss for the society.

The literature on standard setting focuses mainly on making decisions about borderline
students whose overall scores on a number of examinations, tests, or test components such
as stations in Objective Structured Clinical Examination (OSCE) (Harden and Gleeson
1979) indicate that they have reached a level where it is not clear whether they should pass
or fail the examination (Halpin and Halpin 1987). The AMEE Guide No. 18: Standard
setting in student assessment, (Ben-David 2000) well describes the difficulty in choosing
the proper method for standard setting or pass/fail decisions for borderline students. In this
monograph, Ben-David (2000) classifies assessment into two types: (a) relative/norm-
based assessment and (b) criterion/absolute-based assessment. Each type has some
advantages. A criterion/absolute-based assessment compares student performance to a
predefined, recognised standard which increases the confidence that students who met the
standards are competent enough (Nedelsky 1954). Nedelsky’s (1954) definition of a cri-
terion/absolute-based standard has been a foundation pillar in this field:

the passing score is to be based on the instructor’s judgement of what constitutes an
adequate achievement on the part of the student and not on the performance by the
student relative to his/her class or to any other particular group of students. In that
sense the standard to be used for determining the passing score is absolute.

On the other hand, in some circumstances there is a need to set up pass/fail standards
which are relative to the examinee population (e.g. when places are limited, when the
criterion-based standard has not yet been established, or when it is difficult to establish
such a standard). In such cases, a relative/norm-based assessment is used. Nonetheless,
assessments and standard setting methods of both types are vulnerable to critique (Ben-
David 2000; Cizek and Bunch 2006; Norcini 2003).

The main shortcomings of a relative/norm-based method such as Contrasting Groups
(Norcini 2003) or an extrapolation type, such as the Borderline Regression Method
(Kramer et al. 2003; Woehr et al. 1991; Wood et al. 2006) are as follows:

(a) standards are not based on an agreed pre-defined level of competency;

(b) standards are not known in advance;

(c) the examination difficulty is not considered in advance (Ben-David 2000; Cizek and
Bunch 2006).

Furthermore, critique of norm-based methods for cut-off scores may be method-specific.
For example, when using the Regression Method (e.g. Kramer et al. 2003) students are
given raw scores and grades (e.g. Fail, Borderline, Pass, Distinction) for their performance
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and the scores are linearly regressed to the grades to identify the score that falls on the
borderline grade. This score is set up as the cut-off score. A criticism is that this method
assumes a linear association between the scores and the grades, and that the grades are on
an interval scale, which is usually not the case. In addition, the cut-off score is affected by
extreme scores, which serves to undermine the reliability of the regression method (Cizek
and Bunch 2006).

Another norm-based method is the Borderline Group Method (BGM) (Cizek and Bunch
2006; Livingston and Zieky 1982; Zieky and Livingston 1977) which uses the same
scoring and grading method as the Regression Method. However, the BGM sets up the cut-
off score as the median of the scores classified as Borderline. The main shortcoming of the
BGM is that it does not consider the performance of most of the examinees, particularly
those who met the most certain outcomes of Pass and Fail (Cizek and Bunch 2006).

The absolute/criterion-based methods for standard setting aim to determine examinees’
performance based on a predefined competency level which is not related to the group
performance. The most widely used standard setting method in medicine and health sci-
ences is the the Angoff method, which has spawned several derivative methods (Hurtz and
Auerbach 2003; Jalili et al. 2011). Nonetheless, absolute/criterion-based methods such as
Angoff (Behuniak et al. 1982), Nelensky (1954), Ebel (1972) have significant shortcom-
ings, namely:

(a) the standards rely on expert judgement which requires employing a large number of
judges to achieve an acceptable reliability;

(b) the experts are normally not the examiners, hence the actual examiners and the expert
panellists may have different criteria for what constitutes a Pass level; and

(c) the process may be time-.and resource—consuming as well as being inconvenient for
clinical academics.

Hofstee’s method for standard setting brings together expert judgement and norm
methods, aiming to minimise the shortcomings of both norm and criterion based methods
(Wayne et al. 2005). Although it appears to have advantages as the cut-off point is set up
by both student performance (relative method) and expert judgement (criterion based
method), it is a compromise, as the shortcomings of both types of assessment are mani-
fested in this method. In particular, Hofstee’s method relies upon experts to estimate the
following:

(a) the highest percent correct cut score that would be acceptable, even if every examinee
attains that score;

(b) the lowest percent correct cut score that would be acceptable, even if no examinee
attains that score;

(c) the maximum acceptable failure rate; and

(d) the minimum acceptable failure rate.

Hence these criteria, set up by experts to determine the cut-off score, are also vulnerable
to judgements about a hypothetical group of students. As a result this is more of a om-
promise than an objective method for setting up pass/fail cut-off scores (Bowers and
Shindoll 1989; Cizek and Bunch 2006).

The Contrasting Groups method (Cizek and Bunch 2006; Norcini 2003) is a method that
aims to identify the pass/fail cut-off score that best separates the two groups (either Pass or
Fail). It may use graphical methods (Norcini 2003) or logistic regression to determine the
score at which the probability of categorisation is, say, 50 %, if that is decided to be the
proportion of passing students. Again, the classification of passes and fails is made by
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judges that might allowsthe same score to be classified as both a Pass and a Fail (the
overlapping range); which conceptually undermines the confidence in such classification
(Cizek and Bunch 2006).

This study introduces a new pass/fail decision-making method for borderline grades
namely the Objective Borderline Model (OBM). This method addresses some of the
shortcomings of the currently-available methods, thus providing more objectivity in
decision-making for borderline grades. Specifically, the OBM is a method that determines
the pass/fail cut-off score by specifying a readily-calculable probability for a Borderline
grade to be reclassified as Pass, thence choosing the cut-off so that the specified probability
is achieved. This estimated probability uses only students’ examination scores and three
grade classifications: Fail, Borderline, and Pass.

The first underlying assumption of the OBM is that the test examiners may clearly
decide three ranges of examination scores (Nedelsky 1954). A clear Pass grade (P) includes
the scores at or above the point that a/l examiners agree upon; a student who reached that
score has definitely passed the exam. A clear Fail grade (F) includes the scores at or below
the point that all examiners agree is a failing score. A Borderline grade (B) includes all the
scores which fall between the P and the F range; that is, those where there is uncertainty
whether or not such scores should be determined as P or F.

The P, B, or F classification method is widely accepted (Nedelsky 1954; Prideaux et al.
2011; Wilkinson et al. 2001) and has strong face validity, since it uses raw student
examination scores and the most conservative grade classification—all scores within either
the F or the P grade ranges are those which were classified as such without any doubts by
the examiners. Obviously, these examiners are deemed to have the best knowledge for
determining the expected level of a Pass and Fail in that particular exam (Nedelsky 1954).

The second assumption is that within the borderline score range, the higher the score the
more likely it is to be a Pass.

The aim of this study is, therefore, to demonstrate the feasibility and practicality of the
OBM and collect evidence testing its validity (Schuwirth et al. 2011).This is done by
comparing the pass/fail cut-off scores generated by the OBM to those derived from the
BGM and the Regression method.

We decided to test the validity of the OBM using OSCE scores for a number of reasons.
First, one set of full OSCE examination provides us with an opportunity to undertake 16
independent tests of validity (scores of each station were compared independently) which
added robustness to the study. Second, we acknowledge that setting pass/fail standards for
OSCEs has been an ongoing challenge for many scholars and practitioners, so demon-
strating that the OBM works well with OSCE data might improve practice in an area of
great need (Schuwirth et al. 2011).

We measured the validity of the OBM against two standard setting methods in common
use. The Regression Method has been used at the University of Otago School of Medicine
to make pass/fail decisions over similar OSCE examination data and it is well established
as a valid method for standard setting (Schoonheim-Klein et al. 2009). To strengthen our
findings we followed the relevant consensus statements and recommendations (particularly
recommendation 2) from the Ottawa 2010 Conference (Schuwirth et al. 2011) by con-
ducting additional validity check of the OBM against the Borderline Group Method (Cizek
and Bunch 2006; Livingston and Zieky 1982; Zieky and Livingston 1977), which uses only
the borderline grades for pass/fail decision making. To further strengthen our confidence in
the OBM, we checked the OBM’s validity against the Borderline Group Method and
Regression method for each of the 16 OSCE station separately, which was summed up to
16 independent checks.
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The Objective Borderline model (OBM)

When a collection scores is achieved by n students on a single examination, their resultant
grade could be classified as ‘Fail’ (F), ‘Borderline’ (B), or ‘Pass’ (P). Note that F is a fail
without any doubt, P is a pass without any doubt, and B is where there is indecision as to
whether the final grade should be Pass or Fail, based on the examination score. It is
assumed that there are thresholds such that a student’s grade may be determined by noting
which thresholds his or her score lies below, above, or between. Let the thresholds
determining the B’s be “I” (lower) and “u” (upper). In these terms a score “S” is assigned
a grade of B if and only if 1 < S < u.

Our aim is to make a decision about the students with ‘Borderline’ grades and reassign
them as being either ‘Fail’ or Pass, and to do so on a rational basis, using a probability-
based model. This is done in terms of the numeric scores by determining a new threshold T,
between ‘I’ and ‘u,” and then assigning scores S > T a P (Pass) and all other scores an F
(Fail).

We propose to determine T in terms of probabilities calculated on the basis of the
observed fractions or proportions of F’s, B’s, and P’s from the initial grade assignments. In
determining T it is crucial to take into consideration the ordinal nature of the grades.
Explicitly, F is not as good as (or “is less than”) B, and similarly B is not as good as (“is
less than™) P.

To take the ordinal nature of the grades into consideration, it is expedient to consider the
grades in pairs, namely (F, B) and (B, P). We think in terms of applying to each B grade
two independent tests, one in terms of the (F, B) pair and one in terms of the (B, P) pair,
and converting the B to a P only if it is successful in both tests. We set the probability that
it succeeds in the first test in terms of the numbers of F’s and B’s in the observed sample.
Let these numbers be ng and ng respectively. We set the probability (p,) that a grade
passes the first test to be

pri = ng/(ng + ng)

which is the probability that a grade randomly selected from amongst the observed F’s and
B’s will be a B. Likewise, we set the probability that a B grade is successful in the second
test to be

P = np/(ng + np)

where np is the number of P’s in the observed sample; note that ng + ng + np = n. The
value of p,, is the probability that a grade randomly selected from amongst the observed
B’s and P’s will be a P.

Since the two tests are, by assumption, independent, the probability that both are passed
is simply the product p, = p;; X p,». We now determine T as that point between ‘1" and ‘v’
so that the probability that a score S corresponding to a B grade will be greater than 1 is p.

That is, we take T to be the (1 — p,)th quantile of the empirical distribution of the values
of S corresponding to B grades. In other words, we select T so that the proportion of values
of S, corresponding to B grades, which are greater than or equal to T is p.

To simplify the calculations we could choose T so that the fraction of the interval [1, u)
lying above T is equal to p,. This amounts to assuming that scores S corresponding to B
grades are uniformly distributed on [l, u). This assumption may well be a reasonable
approximation to the truth. Such a score S chosen at random between 1 and u, will have a
probability of falling above T equal to p. Hence we would set
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T=p:x14+(1—p;)xu

Note that if we choose one of the B grades at random, its corresponding score S will
have probability p, of being larger than T. Hence the probability that this randomly chosen
grade B will be converted to a P is p,, the probability that the B met both of our conceptual
tests, as desired.

In practical terms, to establish the cut-off score given the grade distribution ng + ng +
np = n, we establish the probability p, = p;1 X pr, = (ng/(ng +ng)) x (np/(ng + np))
The cut-off score is then the (1 — p,)th quantile of the borderline score (See “Appendix 1”
for practical instructions and an example).

Methods: model testing

To test the utility of the OBM we used results from the final summative OSCE for Year 5
medical students from a medical school in New Zealand, which comprised 16 stations,
each treated as an independent test. The data include scores (possible range 0-20) from 16
OSCE stations and examiners’ estimates at the time of the overall grade of each student in
each station. The grades were: Below the expected level; Borderline; At the expected level;
and Above the expected level. We calculated the pass/fail cut-off score for the students in
each OSCE station using three different methods. The first method was a modified Bor-
derline Group Method (henceforth: mBGM) (Cizek and Bunch 2006; Zieky and Livingston
1977) which was also used by Wilkinson et al. (2001) on similar data. This method sets up
the pass/fail cut-off score as the mean of the scores, which were classified as Borderline.
The mBGM differs from the Borderline Group Method only in using the mean rather the
median (which were very similar) of the borderline grades to set up the pass/fail cut-off
score. Note that a student’s score was the mean of the two scores given by the two
examiners in each OSCE station; and a score was defined as a borderline when at least one
examiner identified the student performance as Borderline (Wilkinson et al. 2001).

The second method was the Regression method (e.g. Kramer et al. 2003). In the
Regression method, student scores are regressed to the respective grades (Below the
expected level = 1; Borderline = 2; At the expected level = 3; and Above the expected
level = 4). In the regression model, we regressed the mean scores on the mean grade.
Since there were two examiners, the cut-off score was defined as the score where the linear
regression line crossed the grade which both examiners identified as Borderline (i.e. 2).
Choosing the regression model and the mBGM to test the validity of the OBM deemed to
be most appropriate as these methods incorporate characteristics of both norm- and cri-
terion- based methods (Cizek and Bunch 2006). Moreover, these two methods do not use
judges to set up the cut-off score which inevitably if used, would question the validity of
the ‘gold standard’ set for this comparison (see section on validity: Schuwirth et al. 2011,
p. 228).

The final method was the OBM that has been described above. However, since the
OSCE data did not include a score range for Borderline grades, we had to establish a set of
ranges by varying the distance from the cut-off score as defined by the mBGM. Table 1
shows the four ranges used to test the impact of the range on the cut-off score generated by
the OBM, as well as how the range is determined for the mBGM and the Regression
method. Note that the Borderline Group Method’s criterion identified a relatively large
proportion of borderline grades in each OSCE station ranging from 11.2 to 52 % (see
Table 2).
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Table 1 Definition of a borderline score

Range name Definition of a borderline score

1SD All scores fall within 1 standard deviation from mBGM’s cut-off score

0.5SD All scores fall within 0.5 standard deviation from mBGM’s cut-off score

2SE All scores fall within 2 standard error of the mean from mBGM’s cut-off score
1SE All scores fall within 1 standard error of the mean from mBGM’s cut-off score
mBGM All scores identified by at least one examiner as a borderline grade

Regression All scores identified by at least one examiner as a borderline grade

Table 2 Comparison of proportion of students who were Borderline and the pass/fail cut-off score per
OSCE station, by method

Station  Objective Borderline model (OBM) % mBGM % Regression

% ISD % 0.5SD % 2SE % ISE

1 335 725 117  7.50 6.1 725 51 725 229 7.09 6.1 6.87
2 350 625 193  6.00 9.1  6.00 520 5.87 223 571
3 442 825 208 775 152 795 7.1 759 151 7.60 5.0 7.65
4 269 6.06 81 6.10 81 610 3.0 6.00 246 599 6.1  5.68
5 340 625 213 625 107 625 56 625 358 620 112 590
6 274 800 162 789 112 775 61 775 162 791 73 7.69
7 254 675 132 7.00 56 725 36 725 246 7.13 6.1 692
8 416 725 254 700 132 7.00 107 7.00 263 6.89 89 6.61
9 442 800 198 7.01 127 750 81 725 402 7.17 15.1  6.89
10 396 850 203 800 132 782 6.6 800 263 7.88 73  7.86
11 284 750 112 720 41 7.00 05 725 201 7.17 56 6.8l
12 315 745 173 7.00 7.1 7.00 6.1 7.00 196 6.99 39 686
13 19.8 11.50 8.1 12.00 6.6 12.00 2.0 1200 235 12.15 123 12.22
14 396 9.00 122 850 122 850 56 850 151 838 7.8 820
15 19.8  7.00 9.6 7.00 96 7.00 51 700 112 7.06 39 699
16 40.1 775 198 750 17.8 7.50 81 750 212 744 6.1  7.35

%, The percentage of scores identified as borderline among all scores

To compare the models, we calculated the mean cut-off scores of all stations by each
model as well as the correlations between the models.

Results

The proportion (%) of borderline scores identified by each method and the cut-off scores
identified for each station classified by method and borderline range are presented in
Table 2. Each of the three models (OBM [with borderline ranges of 1SD, 0.5SD, 2SE and
1SE]; mBGM; and Regression) identified very similar cut-off scores. These are shown in
Fig. 1). There were very high correlations among the mean cut-off scores of the models
(Table 3).
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Fig. 1 Mean cut-off scores of 16 OSCE stations by method

Table 3 Correlation among pass/fail cut-off scores across methods

Model OBM mBGM
SD1 SDO0.5 SE2 SEl
Regression 0.964 0.994 0.994 0.995 0.998
mBGM 0.963 0.995 0.996 0.998
OBM SE1* 0.964 0.995 0.996
SE2 0.968 0.992
SDO0.5 0.964

n =16, p < .0001
*n=15

These comparisons of 16 independent OSCE stations demonstrate that the OBM pro-
vides pass/fail cut-off scores which are very similar to the Regression and the mBGM
methods, despite the fact that the OBM has established those cut-off scores based on a
different paradigm and statistical method.

Discussion

This study aimed to describe and show aspects of validity of a new standard setting model
named the Objective Borderline Method (OBM), by comparing pass/fail cut-off scores
defined by the OBM with other two well-established methods, namely the modified BGM
method (Cizek and Bunch 2006; Wilkinson et al. 2001; Zieky and Livingston 1977) and
the Regression method (Kramer et al. 2003).

The results indicate that the OBM is as effective as the other methods in that it gen-
erated very similar cut-off scores to the mBGM and the Regression methods (Tables 2, 3;
Fig. 1). We argue, however, that the OBM is preferable for a number of reasons.

The OBM is based on standards set up by the examiners for the first pass or fail decision
(that is, score must be a clear pass or a clear fail), which is in line with the fundamental
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Fig. 2 Example of Regression method using data from OSCE station 1

criterion for pass/fail decision within the education assessment context (Nedelsky 1954).
Since this study found that the range of borderline grades has negligible impact on the cut-
off score, we suggest that the easiest way to achieve agreement among all examiners is to
set up the broadest borderline range suggested by any of the examiners. This is reasonable
as the OBM then identifies the clear passes and fails without any doubt. As presented in the
introduction, many standard setting methods do not establish pass/fail decisions based on
Nedelsky’s foundations, but rather use experts’ estimate of the expected competence of the
examinees (in absolute/criterion based methods) or by identifying a cut-off score, which in
most methods is a measure of central tendency of the Borderline scores (Ben-David 2000;
Cizek and Bunch 2006; Cusimano 1996; Norcini 2003; Norcini and Shea 1997). Even the
Contrasting Groups method is based on the discrepancy of judgement, where the same
score might initially be identified as pass for one examinee and fail for another (in the same
examination/OSCE station) (Cizek and Bunch 2006). Moreover, these authors contend that
“the choice of 50 is one that sets false positive and false negative classification errors as
equally serious, which again highlights that the choice of this value is a policy, rather than
a technical decision” (Cizek and Bunch 2006, p. 109).

Figure 2 demonstrates just how problematic such methods (e.g. Regression and mBMG)
are. Scores that were considered as Borderline ranged between 4.25 and 9.50, but at the
same time scores as high as 6.5 were considered as Fail and as low as 6.25 were considered
as Pass.

On the other hand, the OBM sets up in advance the Pass, Fail and Borderline ranges, so
each score is classified into one of these categories whereby only the Borderline scores
(which by definition could be either Pass or Fail) are then reclassified into Pass or Fail
based on a probability model.

The OBM estimates the probability of a Borderline score to be considered as a Pass,
based on the distribution of the Fail, Borderline and Pass grades. We propose a probability
model is more realistic and makes fewer assumptions than other methods, yet is equally
robust. The OBM does not claim to set up an absolute, ‘set-in-stone’, cut-off score for
every population. The OBM rather sets up absolute standards for clear passes and fails
(standard based method) that applies to all populations. Then, the OBM sets up the cut-off
score based on the probability that Borderline scores in a particular examination (e.g.
OSCE station) for a particular population meet the Pass standard.
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240 B. Shulruf et al.

The advantages of the OBM are numerous:

1. the OBM is based on absolute rather than relative standards;

2. the OBM does not rely upon a panel of experts to set up the standards but rather
trusts the examiners to set up standards for Pass and Fail. The examiners are
responsible for the quality of the standards and the decision whether students pass or
fail the examination. The OBM method clearly specifies that the scores which do not
fall within the ranges that all agreed would be either clear Pass or Fail are defined as
borderline; hence, subject to the OBM;

3. the OBM does not consider hypothetical groups of examinees to set up cut-off

scores, but rather uses data from the actual examinees;
4. the OBM considers the examinees’ population but without compromising the

acceptable level of the pass performance;
5. the OBM is simple, does not require any statistical skills, and can be easily

calculated;

6. although the cut-off score cannot be identified before the examination, the examinees
may know in advance what score ranges are associated with Pass, Fail and
Borderline grades. They may also know how the cut-off score is calculated, which
minimises uncertainty and increases a sense of fairness;

7. the OBM sets up the pass/fail cut-off score based on the relevant measure (the
estimated probability that a Borderline score will be reclassified as Pass), which
removes the impact of extreme scores on the cut-off score;

8. the OBM does not assume a normal distribution of scores and may be applied with

any score distribution;

9. unlike some other standard setting methods (e.g. Contrasting Groups) there is no
need for a minimum number of examinees to fail in order for the OBM to establish a
cut-off score;

10. with the OBM, each score is uniquely classified to one category and it is impossible
that the same score would be classified (even by different examiners) as both Pass
and Fail, as in Fig. 2, because only Borderline scores are reclassified. This is an
underlying principle of standard setting methods. Finally:

11. the OBM tolerates a range of Borderline bands, as shown in Fig. 1, which enhances
the confidence in its stability and validity.

Nonetheless, some may argue that a shortcoming of the OBM is that different cut-off
scores might be established for different populations sitting the same examination. How-
ever this is not a major shortcoming, since the Borderline grades are all deemed to be
possibly pass and possibly fail with the cut-off score based on the probability of Borderline
grades being a Pass for each population of examinees. Given the advantages of the OBM
this minor shortcoming should not impede educators using it.

It is acknowledged that establishing the validity of a standard setting method is not an
easy task nor could it ever be completely achieved (Cizek and Bunch 2006; Kane 2001;
Messick 1995a, b; Schuwirth et al. 2011; Schuwirth and van der Vleuten 2012). However,
the OBM seems a valid method for pass/fail standard setting, as it meets several relevant
and desirable criteria as agreed in Ottawa conference 2010 (Schuwirth et al. 2011):

e We have established a clear statistical rationale for the OBM, as well as the theoretical
justification for a new and better method for pass/fail standard setting within and
beyond medical education theory (recommendations 2, 3, 6 and 8).
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e  We suggest that the methodology used in this study is optimally able to answer the
research question rather than be superior to all others (recommendation 9).

e Finally we used a set of defensible arguments (recommendation 12) to support the
validity of the OBM. We set up the validity check within an appropriate context i.e.
OSCE examinations for medical students and compared different standard-setting
methods using the same data (recommendation 13).

We acknowledge that consequential validity (Messick 1995b) was out of the scope of
this study and recommend that future research addresses that issue.

Study limitations and further research

Our study has some limitations. The most important is that we used data that had been
tested before, hence we could not determine Pass, Fail and Borderline ranges from scratch.
To circumvent this issue, we used different ways to establish the Pass, Borderline and Fail
ranges. If comparisons of different methods for establishing pass/fail cut-off scores is done
prospectively, care needs to be taken to avoid the ethical, if not legal, implications of
having slightly different cut-off scores. We found the differences to be minimal to neg-
ligible. Another limitation is that we used data from only one cohort of students, which
may limit the generalisability of the study. However, since we tested the OBM over 16
independent OSCE stations, and all results appeared to be similar, it is reasonable to
assume that the OBM would perform in a similar way in other types of assessments.

Another limitation of the OBM is that if there are no Passes among the examinees
population, the OBM will indicate that none of the borderline scores should be reclassified
as Pass. Again, this is an unlikely scenario and is an issue for most other standard-setting
methods.

Further research, is recommended to confirm the robustness and utility of the OBM in
other settings and to identify any unknown limitations of the OBM. We have, though,
already demonstrated that the range of the borderline scores has a negligible impact on the
cut-off score. Furthermore, before carrying out this empirical study on real data, we
extensively tested the OBM on hundreds of simulated datasets, testing different distribu-
tions and different borderline ranges. None of the simulations, which determined up to
60 % of the scores as borderline grades provided unreasonable results. Nonetheless, it is
important to identify whether or not there is any range, score distribution, and proportion of
Borderline scores that severely destabilises the model.

Last but not least, this study tests the validity of the OBM using OSCE data. Based on
the theoretical background presented earlier on, we assume that the OBM could be used for
any test that results in a score. Testing the OBM in different context or types of assess-
ments (for example long cases, mini-CEXs, short answer questions, or even a set of MCQ
questions) is not within the scope of this study and might be scrutinised in further research.

Conclusions

We have described a new method, the OBM, to determine pass/fail cut-off scores, that
yielded has cut-off scores very similar to the mBGM and the Regression methods. Yet, the
OBM has several advantages over other methods in that it combines objectivity, realism,
theoretical robustness and, no less importantly, is simple to use.
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Appendix 1: Practical instructions and an example

How to use the OBM for setting up an objective pass/fail cut-off score.
The example below includes scores from OSCE station 1 used in the study. The bor-
derline grades are defined as all scores between 6.75 and 7.25 inclusive, in total 12 scores.
The distribution of scores and classification for ‘Pass’ (P), ‘Borderline’ (B) and ‘Fail’
(F) is presented in Table 4. Overall there are 179 scores distributed as follow, where F, B,
and P stand for the number of grades in each category:

Number of fails (F) F=22
Number of borderlines (B) B=12
Number of passes (P) P =145

Use Eq. 1 to identify the score which will be used as the pass/fail cut-off.
Equation 1 the quantile determining the cut-off score

Table 4 Example OSCE scores and grades (station 1)

Score | Frequency| Grade
4.25 1 F
5 1 F
5.25 1 F
5.5 1 F
5.75 1 F Score | Grade
6 2 F 6.75 B
6.25 2 F 6.75 B
6.5 9 F 7 B
6.75 2 B 7 B
7 4 B 7 B
7.25 6 B 7 B
7.5 11 P 7.25 B
7.75 1 P 7.25 B
8 15 P 7.25 B | the 9" B score= cut-off score
8.25 12 P 7.25 B
8.5 13 P 7.25 B
8.75 14 P 7.25 B
9 11 P
9.25 12 P
9.5 13 P
9.75 10 P
10 1 P
10.25 5 P
10.5 4 P
10.75 2 P
11 4 P
11.25 3 P
Total 179
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- ((B]f;r F)) : <(P E B)) (1)

Place F = 13, B =12 and P = 145

12 145

The 67.4th percentile among the borderline scores determines the cut-off score.

Since there are 12 borderline (B) scores (see the shaded rows in Table 4), the cut-off
score is the score above the 67.4 % of the borderline scores which is the 8.09th
(12 x 0.674 = 8.09) or rounded up the 9th borderline score. In Table 4 we see that the 9th
borderline score is 7.25 which is the minimum pass score for this OSCE examination for
this population of examinees.

Note that six of the borderline grades have scores of 7.25 and it is impossible to rank
them, hence everyone who achieved 7.25 or more will receive a pass grade in this station
(similar to any other standard-setting method when a number of borderline scores could not
be ranked).
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