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Setting standards is an important aspect of a grading system, which should be
fair, reasonable, practical, and transparent. Distinct types of assessments result
in different score distributions and different pass grades, and substantial errors
can occur during aggregation of scores from multiple types of assessment.
Thus, converting scores to a common grade structure is therefore essential.
Different methods for the final grading of a course can cause the potential
of disparity in course grades. The present work provides illustrative examples
of 2 fixed scale-referenced grading methods and the minimal passing
level-referenced grading method to demonstrate the potential of discrepancy

of different grading scales. Perspectives for practice are provided.
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Introduction

The final grades that students receive in intra-curricular
courses define their academic success in a program.
The course instructor assigns a letter or number grade to
summarize all evaluations of a student’s performance during
the course, resulting in these grades. Setting standards is
an important aspect of an evaluation strategy. The method
of standard-setting should be fair, reasonable, practical,
and transparent, and the passing criterion should be
legitimate,' passing students who are truly competent and
failing those who are not. It is commonly understood
that there is no such thing as a “gold standard” approach
to standard setting, and that different approaches
give varied results.” The motivation for exploring the
assignment of grades came from the practice on the grading
method adapted at the Preclinical section in Ramathibodi
Medical School, Faculty of Medicine Ramathibodi Hospital.
The results of the practice highlighted the impact of
different grade scaling on the number of students who
passed or failed a course. This article is aimed to
demonstrate the potential of discrepancy of different

grading scales through illustrative examples.

Marks, Scores, and Grades

The term “mark” combines 2 notions that can be
distinguished as scores and grades. A “score” is a raw
performance data obtained from a test. A “grade” indicates
the level of performance or achievement.’ Distinct types of
assessments result in different score distributions and may
give different pass grades. The score can be translated to
a grade in each particular case by using a conversion
algorithm. As different methods of assessment produce
distinct score distributions, substantial errors can occur
during aggregation of scores from multiple types of
assessment. Converting scores to a common grade
structure is therefore essential." However, choosing a
conversion algorithm might be a difficult issue, especially
if both the scoring and grading systems are non-interval.

Typically, there is a wider range of multiple choice
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question (MCQ) scores than with some other kinds of
assessment such as essay writing. Converting essay
markings will generally pull in the tails of an MCQ score
distribution.’ In addition, MCQ scores would only
represent an interval scale if all the questions were of
exactly the same difficulty, or if differential marks were

awarded to questions on the basis of their difficulty.’

Grade Aggregation Methods

Aggregation is the procedure of calculation to
provide single descriptions of student performances from
diverse assessments,’ and it determines how grades in a
category are combined. Several aggregation methods
have been described such as natural weighting, mean of
grades, weighted mean of grades, and median of grades.
One of the most common used aggregation methods is
‘weighted mean’, also called ‘weighted average letter grade’.
By using this method which allows assessment tasks to
be marked out of 100 (or Whatever),5 instructors convert
the score on each assessment task into the numerical
equivalent of a letter grade, using a variety of scale
such as the 4.0 scale. After that, the instructor calculates
a weighted average of all of the assignments and tests.
This method of calculating grades of assessments within
a course is similar to how universities calculate overall
student grade point averages (GPA) by combining grades
from various courses.

Considering the scenario shown in Table 1, assume
a student received a 55 on the MCQ exam. Using the criteria
established by the course, the student has earned the 2.0
point (or C grade) and the grade by item weighted is
calculated as: 2 x 50/100 = 1. A similar calculation is
applied to other assessments. There is a noteworthy issue
arising in this scenario that is how a score is assigned
as a ‘grade point’. This circumstance requires a standard
setting that should be fair, reasonable, practical, and
transparent. A common solution is to use the cut-off score
(or minimal passing level) that a student would be
expected to achieve to pass the assessment, in combination

with appropriate interval scales.
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Table 1. Item Weight in ‘Weighted Mean’ Aggregation Method
Grade Point on 4.0 Scale MCQ Exam Lab Exam Assignment
(Grade Equivalent) Score  Item Weight 50%  Score  Item Weight20%  Score  Item Weight 30%

4.0 (A) 85-100 2 87 -100 0.8 91-100 1.2
3.5 (B+) 77 - 84 1.75 78 - 86 0.7 83-90 1.05
3.0(B) 69 - 76 1.5 69 -77 0.6 75-82 0.9
2.5(C+) 61 -68 1.25 60 - 68 0.5 67-74 0.75
2.0 (C) 53-60 1 51-59 0.4 59 - 66 0.6
1.5 (D+) 45-52 0.75 42 - 50 0.3 51-58 0.45
1.0 (D) 37-44 0.5 33 -41 0.2 43 - 50 0.3
0 (F) <36 0 <32 0 <42 0

Abbreviation: MCQ, multiple choice question.

|
Minimal Pass Level

Standard setting is a fundamental process in defining
competency and level of learning performance. However,
there is yet no gold standard method of standard setting.
Several methods of systematic judgement to set minimal
passing levels (MPL) have been widely used in medical
education. One commonly used method is the Angoff
method in which a group of subject-matter experts
estimates the percentage of borderline students predicted
to correctly answer each question in an examination.’
In this method, the experts judge how difficult each item
is in an exam to determine the MPL. The Angoff method
is costly, time consuming and relies on the assumption
that the expert panel can accurately define the borderline
student. The Angoff method is a test-centered, predefined
criterion-referenced method. The modified Angoff method
has been developed to allow panelists given information
such as test result and other panelists’ rating result to
discuss the cut-off score.’

In 2010, the Cohen method has been developed and
subsequently modified in 201 1. This simple and affordable
approach is referred to as a compromise method since it
combines components of both absolute methods (based on
students’ performance) and relative methods (where the
number of passing students is relative to the rest of the

students taking the exam). The Cohen’s MPL is calculated

by taking the student in the 95th percentile (the student
whose score is higher than 95% of the rest of the students

taking the same exam) and finding 60% of their score:’
Cohen MPL = 0.60 x P95

A potential weakness of the Cohen method is that
the multiplier (.60) and the spectrum of the reference
group (P95) were seen as being somewhat arbitrary.
The modified Cohen method estimates these values more
accurately based on historical data from previous exams to
come to a more reliable decision regarding the MPL value.
The modified version was established by changing the
95th percentile to 90th percentile, since students in the top
10% of the tests responded differently to exam difficulty
than other students and the student performance was
consistent over time holds for the exams. The multiplier
was also changed from 0.60 to 0.65, based on the ratio of
the cut score to the score of the student at the 90th
percentile on exams that have been standard set using
the modified Angoff method:*

Modified Cohen MPL = 0.65 x P90

As can be seen from the above, there are several
methods for determining the exam MPLs. There are
2 main categories of methods to determine the MPL:
criterion-referenced methods and norm-referenced methods.”

Criterion-referenced methods (also known as test-centered
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standard setting) which include the Angoff method,
are independent of the test results. On the other hand,
a norm-referenced method establishes its MPL in the form
of a pre-determined score of the test items that need to be
correctly answered. The norm-referenced methods include
the Cohen and modified Cohen methods. It is widely
accepted that there is no such thing as a “gold standard”

approach to standard setting.’

Score-to-Grade Conversion

The number of grade points used, the intervals
between grades, and whether they are represented as
letters, numbers or other descriptors, differ widely
between medical schools. The range of scores is dictated
by the nature of the assessment. It is recommended that
all scores should be converted to grades (ie, standardized
scores) before aggregation, and conversion algorithm
should be set with regard to each individual assessment.’

One common practice is norm-based referencing of
assessments. However, the score distribution varies with
the number of factors. These factors include the difficulty
level of the test, the intellect and diligence of the students,
how well the students were aided while learning, and
how the assessments were marked. All of these may vary

from year to year. If the assessment varies more than
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the students’ characteristics, norm referencing may be
more valuable. If the students vary more than the
assessment, then criterion-based referencing may be more
suitable.'’ There are also compromise systems that aim to
combine the benefits of both norm- and criterion-based
referencing.

Normally, the lowest expected score can be set to
the equivalent to the lowest grade, and the highest
expected score expected from a fully prepared and capable
student to achieve can be set as equivalent to the highest
grade. Once the 3 fixed points (MPL, lowest and highest
scores) have been established, then the intervening scores
or grades can be created. Another approach to create
the intervals of the scores is by using the MPL as a
reference point to assign grades above and below
the pass grade such as a scenario shown in Table 2.
Assuming that the calculated MPL that is the cut-off score
for the grade point ‘2’ is 53.12 and a predetermined
interval is 7.5% of the total score of the MCQ exam,
then the score interval for the grade point ‘2’ is between
MPL to < MPL + 7.5% (ie, 53.12 - 60.61). The same
method is applied to other score intervals above and below
the MPL. One criticism of this method is the value of
the predetermined interval that is arbitrary. Other intervals
have also been applied, and other methods of interval

setting can be used such as the Dewey method."

Table 2. Criteria for Grading Using Percentages of the Total Assessment Score
MCQ Exam
Criteria
Score (Total = 100) Grade Point on 4.0 Scale Item Weight 50%

> MPL + 30% 83.12 - 100 4.0 2
MPL + 22.5% - MPL +29.9% 75.62-83.11 3.5 1.75
MPL + 15% - MPL + 22.4% 68.12 - 75.61 3.0 1.5
MPL + 7.5% - MPL + 14.9% 60.62 - 68.11 2.5 1.25
MPL - <MPL + 7.5% 53.12-60.61 2.0 1
MPL - 7.5% - < MPL 45.62-53.11 1.5 0.75
MPL - 15% - MPL - 7.4% 38.12-45.61 1.0 0.5
<MPL - 15% <38.11 0 0

Abbreviations: MCQ, multiple choice question; MPL, minimal passing level.
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Setting the Final Grades

Regarding the scenario in Table 1, suppose that
a student obtained a weighted point of 1.5 on the MCQ
exam, 0.7 on the lab exam, and 1.05 on the assignment
task, resulting in a total weight point of 3.25, what
the final grade of the course the student should receive.
Should the intervals of the final grade of the course be the
same as the intervals of the grade points used in each
assessment of the course? What criteria should be used in
setting the final grades? It is unusual for grade scales to
be symmetric around the pass grade (or MPL). Frequently,
there are more grades above the MPL than below it.
A principle of continuity could be used,’ which requires
that even increments are employed between the lowest
grade and the MPL, and separately between the MPL and
the highest grade. However, grades may be concentrated

in areas with a large density of student scores.

Ilustrative Examples

Three scaling systems are created as examples for
grading of a course (Table 3), which include the following:

Example 1: Fixed scale-referenced grading system
with uneven interval. This system has equal intervals of 0.50,
except at B to B+and B+ to A where the intervals are 0.25.

Example 2: Fixed scale-referenced grading system
with even interval. Under this scheme, each grade is
separated by a 0.50 interval.

Example 3: Minimal passing level-referenced grading
system with even interval. This system is based on
the Cohen-based MPL of a course and has an equal
interval of 7.5% of the overall scores of the course.

To illustrate the potential of disparity in course grades,
a single dataset of scores was generated for MCQ exam,
lab exam, and assignment task, with item weight of 50%,
20%, and 30%, respectively. Each dataset, which is not
actual course data, is generated in Excel with respect to
the following values:

- MCQ exam: size of dataset is 200, with the
total score of 100, the mean score of 73 and the standard

deviation of 11.

Ramathibodi

Medical Journal

- Lab exam: size of dataset is 200, with the total
score of 100, the mean score of 67 and the standard
deviation of 12.

- Assignment task: size of dataset is 200, with
the total score of 100, the mean score of 89 and the
standard deviation of 4.

All values used to generate the dataset was based on
the actual values of the real course (RAID204: Clinical
Anatomy course). The scores of each dataset were then
converted to grade points using the weighted-mean
aggregation method, with the MPLs (equivalent to the grade
point ‘2.0”) calculated by the standard Cohen’s method.
Grade points for each assessment were then obtained using
the criteria in Table 2. The total grade point of a student was
obtained by summating of grade-point values from each
assessment task (ie, MCQ + lab + assignment). Therefore,
the MPL of the course was summating of the MPLs of
each assessment, which is equal to 2.25 (from a 4.0 scale).
When applied to the scaling system for course grading,
the number of students who receives each grade is shown
in Table 4.

Two major issues should be noted from these
illustrative examples. First is the number of students who
failed the course. It is observed that MPL-referenced
grading can detect students who should fail the course
(grade below C) more than the other 2 fixed scaled-
referenced methods. All of the failed students have low
raw scores (44% - 54%) in both MCQ and lab exam,
which are the knowledge domain of the course. Moreover,
this observation is similar to what was discovered in
RAID204, the real preclinical course in the academic
year 2021. Thus, it is plausible that fixed scale-referenced
grading methods produce a false positive error (passing
a student who should have failed).

Second is the number of students above the pass
grade ‘C’. There is no students who get ‘A’ in the fixed
scale-referenced method with ‘even’ interval. This may be
areason that one prefers the fixed scale-referenced method
with ‘uneven’ intervals in order to distinguish students
with high performance. However, choosing this method

may raise the question of whether it is fair, reasonable, and
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transparent, comparing with the MPL-referenced grading
method with even interval.

Compared with the Cohen method, applying the
modified Cohen method to the same dataset shows
a similar pattern of findings, although the MPL is changed
from 2.25 to 2.19 (Table 5). However, the modified
Cohen method seems to reduce the number of students
who should get higher grades by pulling down toward
the pass grade. A potential of the Cohen method to inflate
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the risk of a false positive error (getting a higher grade
than it should be), compared with the modified Cohen
method, remains to be explored. A previous study suggests
that the score of the student at the 95th percentile in
the Cohen method may not be the most appropriate
reference point, depending on the shape of the distribution
of students’ scores. In contrast, when using the Cohen
method the performance of the 90th-percentile student is

. . 8
consistent over time.

Table 3. Scaling System for Grading

S Fixed Scale-Referenced Fixed Scale-Referenced MPL-Referenced
With Uneven Interval With Even Interval With Even Interval

A >3.5 4.00 > MPL + 30%

B+ 3.25-3.49 3.50-3.99 MPL +22.5% - MPL +29.9%

B 3.00 - 3.24 3.00-3.49 MPL + 15% - MPL + 22.4%

C+ 2.50-2.99 2.50-2.99 MPL + 7.5% - MPL + 14.9%

C 2.00-2.49 2.00 -2.49 MPL - <MPL + 7.5%

D+ 1.50-1.99 1.50-1.99 MPL - 7.5% - < MPL

D 1.00 - 1.49 1.00 - 1.49 MPL - 15% - MPL - 7.4%

F <1.00 <1.00 <MPL - 15%

Abbreviation: MPL, minimal passing level.

Table 4. The Number of Students in Different Grading Scales With MPL Based on the Standard Cohen Method
Fixed Scale-Referenced Fixed Scale-Referenced MPL-Referenced
Grade With Uneven Intervals With Even Intervals With Even Intervals
Scale No. of Students Scale No. of Students Scale No. of Students
A >3.5 56 4.00 0 >3.45 64
B+ 3.25-3.49 44 3.50-3.99 56 3.15-3.44 59
B 3.00-3.24 50 3.00 - 3.49 94 2.85-3.14 44
C+ 2.50-2.99 43 2.50-2.99 43 2.55-2.84 25
© 2.00 -2.49 6 2.00 - 2.49 6 2.25-2.54 4
D+ 1.50-1.99 1 1.50-1.99 1 1.95-2.24 3
D 1.00 - 1.49 0 1.00-1.49 0 1.65-1.94 1
F <1.00 0 <1.00 0 <1.65 0

Abbreviations: MPL, minimal passing level.
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Table 5. The Number of Students in Different Grading Scales With MPL Based on the Modified Cohen Method
Fixed Scale-Referenced Fixed Scale-Referenced MPL-Referenced
Grade With Uneven Intervals With Even Intervals With Even Intervals
Scale No. of Students Scale No. of Students Scale No. of Students
A >3.5 31 4.00 0 >3.39 43
B+ 3.25-3.49 40 3.50-3.99 31 3.09 - 3.38 47
B 3.00 - 3.24 39 3.00 - 3.49 79 2.79 -3.08 55
C+ 2.50-2.99 71 2.50-2.99 71 2.49-2.78 36
© 2.00 -2.49 16 2.00 - 2.49 16 2.19-2.48 14
D+ 1.50-1.99 3 1.50-1.99 3 1.89-2.18 3
D 1.00 - 1.49 0 1.00 - 1.49 0 1.59 - 1.88 2
F <1.00 0 <1.00 0 <1.59 0

Abbreviations: MPL, minimal passing level.

Perspectives for Practice

It is widely agreed that standard-setting for grading
should be fair, reasonable, practical, and transparent.
Evidence-based approach should also be taken into account.
The following perspectives apply where ‘weighted mean’
aggregation of marks across multiple types of assessments

is undertaken, meaning that scores from all types of

3) The inappropriate setting of the passing scale
in the fixed scale-referenced grading method may raise
the probability of a false positive error (passing a student
who should have failed). To justify this inaccuracy,
the MPL-referenced grading system with even intervals
should be adopted, or used as a supplementary method.

Furthermore, research to evaluate how different grading

scales affect subsequent false positives and false negatives

assessment are converted to a common grade scale is needed.
(standardized score) before aggregation and later decision
. I
for the final grading of a course.
Conclusions

1) Assuming that an MPL is derived from a well-
established algorithm either test-centered or performance-
centered, the MPL-referenced grading system with even
intervals may be more justified and explainable than the
fixed scale-referenced methods.

2) Whether to use the modified Cohen method or
the standard Cohen method may require testing using local
data, especially to address the risk of false positive and false
negative error rates. However, the modified method has been

shown to reduce the subjectivity of the standard method.*

The nature of the grading scale may differ from one
institution to the others. It is unknown whether there is
a single best grade scale. However, a ‘one-size-fits-all’
grading scale should be avoided because individual courses
are all different, either on the difficulty levels of the tests
or the nature of the assessment. Whatever the grading
system is used, medical schools should ensure that students
who are judged ‘just adequate’ are in fact safe doctors

when they start their careers.
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