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Comparison of results between modified-Angoff and
bookmark methods for estimating cut score of the Korean
medical licensing examination
Mikyoung Yim
Research and Development Division, Korea Health Personnel Licensing Examination Institute, Seoul, Korea

Purpose: The purpose of this study was to apply alternative standard setting methods for the Korean Medical Licensing Examination
(KMLE), a criterion-referenced written examination, and to compare them to the conventional cut score used on the KMLE.
Methods: The process and results of criterion-referenced standard settings (i.e., the modified-Angoff and bookmark methods) were
evaluated. The ratio of passing and failing examinees determined using these alternative standard setting methods was compared
to the results of the conventional criteria. Additionally, the external, internal and procedural evaluation of these methods were
reviewed.
Results: The modified-Angoff method yielded the highest cut score, followed sequentially by the conventional method and the
bookmark method. The classification agreement between the modified-Angoff and bookmark methods was 0.720 measured by Cohen’s
κ coefficient. The intra-panelist classification consistency of modified-Angoff method was higher than bookmark method. However,
the inter-panelist classification consistency was vice versa. The standard setting panelists’ survey results showed that the procedures
of both methods were satisfactory, but panelists had more confidence in the results of the modified-Angoff method.
Conclusion: The modified-Angoff method showed results that were more similar to those of the conventional method. Both new
methods showed very high concordance with the conventional method, as well as with each other. The modified-Angoff method
was considered feasible for adoption on the KMLE. The standard setting panelists responded positively to the modified-Angoff method
in terms of its practical applicability, despite certain advantages of the bookmark method.
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assessment parameters [1]. However, several national

Introduction

licensing or qualifying exams in Korea use a predetermined cut score, according to which successful

Criterion-referenced assessment evaluates an indi-

candidates must answer 60% of total questions correctly.

vidual’s achievement compared to the goals and criteria

This cut score is used for licensing examinations in the

presented in the curriculum. Unlike norm-referenced

health professions, including medicine, dentistry, and

evaluation, a qualification or licensing test should

nursing even though it is arbitrary and has no theoretical

consider specific criteria to be the most important

or empirical basis. A reasonable approach must be
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identified for determining the criteria used to identify

response theory (IRT), the bookmark method has the

passing candidates based on an assessment of the

accuracy of measurement. It relieves the cognitive

necessary competence for professional practice and the

burden of standard setting panel. In particular, the

minimum ability level for which licensure is appropriate.

Angoff rating increases the burden of the standard

Since 2010, a panel-based standard setting method has

setting panel and to impair the accuracy of the

been implemented for the clinical performance test that

measurement in tests with a large number of items [11].

is part of the Korean Medical Licensing Examination

Therefore, bookmark method is often used as a way to

(KMLE) [2]. Subsequently, standard setting has become

overcome the disadvantages of the Angoff method.

an essential part of performance or skill tests in other

Indeed, Angoff based method were replaced by

professions such as dentistry and nursing [3,4]. However,

bookmark method to establish cut score on the National

empirical studies of these issues have rarely been carried

Assessment of Educational Progress since 2005 [12]. That

out for written exams although theoretical suggestions

study’s findings suggest that bookmark method have

have been made [5,6].

comparable reliability, resulting cut scores, and panelists’

Criterion-referenced and test-centered standard sett-

evaluations to Angoff, even have an advantage of shorter

ing methods are suitable for written tests [7]. Angoff

in duration and less costly [12]. The national academic

method is predetermined criterion referenced method

achievement evaluation in Korea also use the bookmark

and test centered method. Modified-Angoff method

method to establish the standards. Therefore, many

allows panelists given information such as test result and

studies still compare the two methods and explore the

other panelists’ rating result to discuss the cut score. So

applicability [13-16].

Modified-Angoff method is the most common method

Since the standard setting is a decision making process,

used for licensure and certification in the professions

the validity of the criterion setting is evaluated by the

achievement tests [8]. In the Angoff method, the

consistency of the rating and by how well the process is

panelists examine each test item and estimates the

performed in accordance with the principle. Kane [17]

probability that a minimally competent person will

suggested validity evaluation of standard setting based

correctly answer the item on the test. Panelists should be

on external, internal and procedural criteria. It is

able to define and operationalize the concepts of

important to check that the stated principles were

‘minimum ability’ and ‘borderline group’ according to the

obeyed regarding the standard setting procedures and

purposes of the examination [9]. The Angoff method is

that the activities were conducted consistently.

easy to understand and easy to apply. However, assuming

Therefore, this study applied these most common used

the minimum competency is the cognitive burden of the

two standard setting methods, the modified-Angoff and

standard setting panel.

bookmark methods, to the written test of the KMLE and

The bookmark method is a standard setting method

evaluated their validity. The research questions are as

that was proposed by Mitzel et al. [10] in 1996, in which

follows. (1) Is there a difference in the cut score and

the cut score is calculated by sorting the items in order

percentage of students categorized by the cut score

of difficulty. In order to use the bookmark method, it is

calculated by the each standard setting method? (2) Is

necessary to create an ordered item booklet (OIB) that is

there any difference in the evaluation results according

arranged in order of item difficulty. Using the item

to external criteria for each standard setting method? (3)
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Is there any difference in the evaluation results accord-

extensive experience in medical education and national

ing to internal criteria for each standard setting method?

exams and a knowledge of educational evaluation. All

(4) Is there any difference in the results of procedure-

panelists have student education experience in medical

based evaluation for each standard setting method?

college, and 57.1% of panelists have participated in item
development of this exam.
In terms of ethical considerations regarding the re-

Methods

search participants, they are informed the purpose of the
research and voluntarily signed a written informed

Study was followed four steps such as (1) study object

consent form to participate in the research and all data

setting, (2) discussion of performance level, (3) imple-

is anonymous. The standard setting process was carried

mentation of standard setting method, and (4) evaluation.

out as follows.

1. Study objects

2. Discussion of performance level

1) Examination

The assumptions of various panelists regarding pri-

The research subject was the KMLE in 2014. The

mary care physicians’ competence levels were equalized.

KMLE consists of a total of 400 multiple-choice

Based on Dreyfus’s model, consensus was made through

questions. The predetermined conventional cut score is

discussions on primary care physicians’ abilities. Dreyfus

240, which is 60% of total score. The total number of

proposed a five-level competency model that distin-

examinees was 3,287, and the pass rate was 96.7%.

guishes the stages of competence from the novice to

In bookmark method, difficulty and discrimination

expert level (i.e., novice, advanced beginner, competent,

were calculated by two-parameter IRT in order to

proficient, and expert) and Carraccio et al. [19] extended

construct the OIB. Data analysis was performed using the

Dreyfus’s five steps into six steps and described the

Bilog-MG3.0 program (Scientific Software International

specific features of each step. Advanced beginner is able

Inc., Skokie, USA) [18].

to sort through rules and information to decide what is

2) Standard setting panel

relevant on the basis of past experience. He or she uses

The standard setting panel consisted of 14 medical

both analytic reasoning and pattern recognition to solve

professors, who were content specialists in medicine.

problems and he or she is able to abstract from concrete

Panelists were required to have experience as national

and specific information to more general aspects of a

test item development over the past 3 years and at least

problem. Competent has more expansive experience tips

3 years of experience in medical education. The panelists

the balance in clinical reasoning from methodical and

were selected in order to balance specializations, to

analytic to more readily identifiable pattern recognition

promote understanding of the questions and to be

of common clinical problem presentations. He or she

familiar with the academic level of the candidates.

sees the big picture; however, complex or uncommon

Classified by specialty, professors were specialized in

problems still require reliance on analytic reasoning. Ten

internal medicine 28.6%, family medicine 21.4%,

Cate et al. [20] expressed the steps proposed by Dreyfus

pediatrics 28.6%, and preventive medicine 14.3%, and

in terms of the medical curriculum. According to

plastic surgery 7.1%. The minor specialty’s panelists had

Dreyfus’s competency curve with medical education,
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from novice to competent steps are belong in training
course in medical education [20]. The purpose of this test
is to distinguish the proficiency of the primary care

anymore through the whole discussion

4. External, Internal and procedural evaluation

practitioner. Each stage of competence has several

External evaluation is conducted by comparing classi-

characteristics, which change as the level increases.

fication results between methods. The classification of

Panelists discussed the personality of each step and

successful versus successful examinees by each method

concluded that the minimally competent candidate who

was also evaluated using Cohen’s κ coefficient of con-

would pass a medical licensing examination was not

sistency. Internal evaluation investigates methodological

completely competent, but between the advanced begin-

consistency, intra-participant consistency, and inter-

ner and competent stages. Through discussion, the

participant consistency.

minimum competent person who will pass the medical

Intra-panelist consistency referred to the corres-

licensing exam is assumed to be a person who has

pondence of passing and failing rates according to the

medical knowledge and is capable of applying to basic

standards set by a panelist in the first, second, and final

and common medical treatment.

rounds of a method. The inter-panelist degree of agree-

3. Implementation of standard setting method

ment was defined as the agreement in the passing and
failing rates between each pair of the 14 panelists at each

First, the modified-Angoff method was performed.

rating stage of a method. Classification agreement was

Panelists reviewed each item individually and rated it

calculated using the kappa coefficient, and separate

individually. After individual decision making, panelists

analyses were conducted for the modified-Angoff and

modified their decisions in multiple rounds before

the bookmark methods.

calculating its final rating. It is desirable to produce a cut

The validity of standard setting procedures should be

score via several iterations [21]. The rating was carried

evaluated in accordance with the clarity of under-

out in three rounds. At each rating stage, panelists

standing, the practicality of the method, the reliability of

recorded the rating results on the provided rating forms,

results, and the procedures. Panelists were surveyed

which were collected and reported. Impact information

regarding these issues before and after setting the

was provided after each rating session, and panelists

standards. The response scale used a 5-point Likert scale

discussed it. The results of the previous rating session,

with responses of ‘strongly disagree,’ ‘disagree,’ ‘neutral,’

the resulting pass rate, and the actual item information

‘agree,’ and ‘strongly agree.’ This responses were scored

were given as feedback prior to the next rating session

from 1 to 5 point in order. The same understanding of

and used as the basis for the discussion.

the minimum performance ability was used for both

Secondly, bookmark method was applied. Panelists

methods, and separate evaluations were conducted for

indicated a point where minimally competent person

the clarity of understanding of each method, the

would pass and fail the prepared OIB. After confirming

practicality of the method, panelists’ confidence in the

individual results, the panelists adjusted their scores

scores, and the implementation of the procedure. In

through group discussions. After confirming the adjusted

addition, the two methods were directly compared in

score and confirming the passing rate, the round ended

terms of their usability and the appropriateness of

with the opinion that the score will not be modified

applying them to the KMLE.
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2. External evaluation

Results

The κ coefficient of the classification of successful
applicants according to the final ratings of the modified-

1. Cut score and classification ratio

Angoff method and the bookmark method, was 0.720.

According to the final decisions, the bookmark method

The consistency of classification between the first rating

led to a cut score of 230. The conventional cut score was

of the two methods was low 0.499, but it increased to

240, and the modified-Angoff method led to a cut score

0.748 for the second round of rating. The coefficient of

of 245. The passing rate was 97.6% when the bookmark

consistency between the modified-Angoff method and

method was applied, 96.7% when the conventional

the conventional method was 0.873, and the coefficient

method was applied, and 95.8% when the modified-

of consistency between the bookmark method and the

Angoff method was applied. These results are shown in

conventional method was 0.840. The modified-Angoff

Table 1.

method was similar to the conventional method than the
bookmark method (Table 2).

Table 1. Cut Score and Pass Rate of the Modified-Angoff and Bookmark Methods
Method
Modified-Angoff

Round
1st
2nd
Final
1st
2nd
Final

Bookmark

Cut score
261
246
245
282
234
230

Pass rate (%)
91.50
95.40
95.80
78.20
97.20
97.60

Table 2. Cohen's κ Coefficient Values for the Standard-Setting Methods
Specification
Bookmark

Modified-Angoff
2nd
0.294
0.748
0.677

1st
0.499
0.474
0.420

1st
2nd
Final

Final
0.272
0.793
0.720

Table 3. Intra-Panelist κ Coefficient Values for Each Method
Panelist

Round

p1

2nd
Final
2nd
Final
2nd
Final
2nd
Final

p2
p3
p4

Modified-Angoff
1st
0.934
0.934
0.800
0.800
0.838
0.859
0.750
0.750

Bookmark
2nd
1.000
1.000
0.979
1.000

1st
0.127
0.194
1.000
0.232
0.020
0.020
1.000
0.507

2nd
0.772
0.232
1.000
0.507
(Continued to the next page)
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Table 3. (Continued)
Panelist

Round

p5

2nd
Final
2nd
Final
2nd
Final
2nd
Final
2nd
Final
2nd
Final
2nd
Final
2nd
Final
2nd
Final
2nd
Final

p6
p7
p8
p9
p10
p11
p12
p13
p14

Modified-Angoff
1st
0.915
0.982
0.007
0.007
0.829
0.829
0.245
0.245
0.635
0.635
0.870
0.870
0.955
0.955
0.947
0.947
0.128
0.128
0.799
0.799

Bookmark
2nd

1st
0.840
0.943
0.776
0.776
1.000
1.000
0.130
0.089
0.858
1.000
0.557
0.445
0.230
0.173
0.718
0.002
0.386
0.059
0.386
0.071

0.932
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

2nd
0.896
1.000
1.000
0.802
0.858
0.852
0.840
0.004
0.227
0.266

Table 4. Intra-Panelist κ Coefficient Values for Each Method
Method 1:
modified-Angoff

Method 2:
bookmark
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P
p2
p3
p4
p5
p6
p7
p8
p9
p10
p11
p12
p13
p14
p2
p3
p4
p5
p6
p7
p8
p9
p10
p11
p12
p13
p14

p1
0.60
0.47
0.86
0.29
0.68
0.74
0.93
0.47
0.18
0.86
0.47
0.79
0.89
0.85
0.64
0.86
0.62
0.60
0.54
0.58
0.54
0.64
0.64
0.11
0.56
0.64

p2

p3

p4

p5

p6

p7

p8

p9

p10

p11

p12

p13

0.83
0.49
0.57
0.37
0.85
0.55
0.83
0.37
0.73
0.83
0.80
0.70

0.38
0.72
0.27
0.69
0.42
1.00
0.48
0.58
1.00
0.64
0.56

0.23
0.82
0.61
0.92
0.38
0.14
0.72
0.38
0.65
0.75

0.16
0.45
0.26
0.72
0.73
0.37
0.72
0.42
0.35

0.46
0.74
0.27
0.10
0.56
0.27
0.50
0.59

0.68
0.69
0.29
0.87
0.69
0.95
0.84

0.42
0.16
0.80
0.42
0.72
0.82

0.48
0.58
1.00
0.64
0.56

0.23
0.48
0.26
0.22

0.58
0.92
0.97

0.64
0.56

0.90

0.78
0.71
0.76
0.74
0.67
0.72
0.67
0.78
0.78
0.15
0.69
0.78

0.52
0.98
0.95
0.88
0.93
0.88
1.00
1.00
0.22
0.91
1.00

0.51
0.49
0.43
0.47
0.43
0.52
0.52
0.08
0.46
0.52

0.97
0.90
0.95
0.90
0.98
0.98
0.23
0.93
0.98

0.92
0.98
0.92
0.95
0.95
0.24
0.96
0.95

0.95
1.00
0.88
0.88
0.27
0.97
0.88

0.95
0.93
0.93
0.25
0.98
0.93

0.88
0.88
0.27
0.97
0.88

1.00
0.22
0.91
1.00

0.22
0.91
1.00

0.26
0.22

0.91
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mentation of the procedure, and (6) the ease of rating

3. Internal evaluation

(Table 5).

The intra-panelist degree of agreement was higher for

Understanding the standard setting method not only

the modified-Angoff method than for the bookmark

refers to the degree to which a panelist is familiar with

method. In particular, 12 out of 14 panelists showed an

the procedure, but also the panelist’s understanding of

agreement of 1.0 between the second and final ratings.

the underlying principles assumed by the standard sett-

However, for the bookmark method, the score range of

ing method, such as the identification of the minimum

one panelist was very large, meaning that the degree of

performance level. Even if the procedure for applying

agreement between the scores was low. In contrast, the

the criteria is simple and clear, the basic assumptions

agreement among the panelists was higher for the

underlying the method could be unclear. In the

bookmark method than for the modified-Angoff

modified-Angoff method, the understanding of the

method. The κ coefficient over 0.60 means that the

clarity of the method was low, but the modified-Angoff

degree of agreement is high. High agreement among

method had a rather high possibility of using a standard

panelists was frequently observed for the bookmark

setting method in which ratings are assigned according

method (Tables 3, 4).

to guidelines, with a high ease of rating. This does not
mean that the standard setting procedure is unclear, but

4. Procedural evaluation

that it is challenging to understand its basic assumptions.

In order to evaluate the standard setting procedure, the

The possibility of rating according to guidelines was

following points were assessed: (1) the clarity of under-

scored as 3.79 for the modified-Angoff method and 3.64

standing of the definition of minimum competence, (2)

for the bookmark method.

the clarity of implementation of the standard setting

The modified-Angoff method showed a positive

method, (3) the practicality of the standard setting

evaluation of the appropriateness of the cut score with

method, (4) confidence in the scores, (5) the imple-

mean score of 3.79, which was confirmed by the degree

Table 5. Survey Questions for Each Method
Content

Question

Clarity of understanding Clarity of the definition of minimum competence
of the minimum ability Ease of assumption of the probability of the minimum competent person
level definition
responding in a certain way
Usefulness of the achievement level description
Clarity of
Pre-education understanding
implementation
Pre-education clarity of the task
Practicality of
Rating according to guidelines
standard-setting
Appropriateness of application on the Korean Medical Licensing
method
Examination
Confidence in scores
Confidence in my cut score
Confidence in the final cut score of the panel
Implementation of the Usefulness of the discussion after round 1
procedure
Usefulness of the discussion after round 2
Ease of rating
Which standard-setting method was easier to rate?

ModifiedAngoff
2.71±0.726
2.57±0.756

2.71±0.726
2.57±0.756

2.50±0.855
3.31±0.751
3.23±0.725
3.79±0.579
3.79±0.699

2.50±0.855
3.79±0.802
3.64±0.745
3.64±0.745
2.21±1.122

3.79±0.802
4.00±0.555
4.29±0.469
3.62±0.870
9 (64.3)

3.54±0.776
3.46±0.660
4.00±0.877
3.79±0.975
4 (28.6)

Bookmark

Same

1 (7.1)

Data are presented as mean±standard deviation or number (%).
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of certainty of each of the panelists and the degree of

setting method is actually applied to the KMLE, the

their assurance in their own cut scores. The confidence

modified-Angoff method would be preferred over the

in the final score was higher than that of the panelists’

bookmark method.

own scores, with mean score of 4.00. In contrast, the
scores obtained using the bookmark method showed the
opposite tendency. The appropriateness of the panelists’

Discussion

own cut score was scored as 3.54, but the appropriateness
of the final panel score was 3.46.

Based on the above results, the following consid-

The practicality of implementing the procedure was

erations were discussed. First, the cut score of the

evaluated based on the panelists’ recognition of the

modified-Angoff was higher than bookmark’s cut score.

usefulness of the discussions between each rating

The cut score of the modified-Angoff method was the

session, the usefulness of the feedback information, and

highest, while the conventional 60% cut score was higher

whether an appropriate amount of time was spent. For

than that of bookmark method. This is similar to the

the modified-Angoff method, since the first round of

finding of study of Karantonis and Sireci [22] that the

rating was conducted without the actual item difficulty,

cut score obtained using the bookmark method may be

the discussion after the first round of rating was

lower than the cut score resulting from other standard

considered to be highly useful. The panelists showed a

setting methods, and agrees with the findings of other

generally positive response to the usefulness of the

studies that the cut score obtained using the bookmark

discussion, the usefulness of the information provided in

method was lower than that obtained using the

the discussion, the appropriate of time assignment, and

modified-Angoff method [13-16].

the opportunity to provide comments during the dis-

The passing rate differed by approximately 1%

cussion. For both methods, the whole-panel discussions

between each method. Thus, neither method is much

were considered to be more useful than the small-group

different from the existing method, so they can feasibly

discussions. The usefulness of the information provided

be used as alternatives for determining the cut score. We

in the discussion was rated as 3.71 for the modified-

do not expect that the implementation of a new cut score

Angoff method and 3.86 for the bookmark method.

will cause a major problem in comparison to the existing

The bookmark method’s mean score was 3.79 for the

passing rate if a standard setting method is eventually

clarity of pre-comprehension when modified-Angoff’s

applied. Although the cut score obtained using either of

score was 3.31. About clarity of the task, modified-

these new methods would not externally differ from the

Angoff’s score was 3.23, when bookmark’s score was

existing cut score to a notable extent, the intrinsic

3.64. However the feasibility of the modified-Angoff

meaning of the score would be valuable in that it would

method’s score was rated higher than bookmark’s.

be derived through a standard setting process conducted

In a direct comparison of which method was con-

by professionals, instead of being an arbitrary score.

sidered to be easier for rating, only one of the 14

Through three rounds, it is observed that the clas-

panelists perceived the two methods as being the same,

sification agreement of both methods improves. The first

while 64.3% selected the modified-Angoff method and

round match of each method was only 0.499, but the

28.6% selected the bookmark method. If a standard

final result increased to 0.720. Both methods showed
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high classification agreement even when the existing

experience. In both methods, the implementation of the

method was applied. The final classification agreement

procedure was evaluated as good. The modified-Angoff

between the modified-Angoff method and the existing

method received higher ratings than the bookmark

criteria was the highest, 0.873, while the agreement

method for the appropriateness of the cut score. The

between the bookmark method and the existing method

discussion and coordination process was very important

was 0.840. Therefore, the modified-Angoff method led

to the panelists. Therefore, at least three rounds of

to results that were more similar to those obtained using

implementation are required, and sufficient time alloca-

the conventional method than those obtained using the

tion is recommended to ensure a thorough discussion and

bookmark method. Nonetheless, the agreement coef-

to enable suitable adjustments to be made.

ficients confirmed that the two new methods showed

Fourth, the panelists felt that the modified-Angoff

very high agreement with the existing method, and the

method was more applicable, and they were more

agreement between the new methods was also high.

confident in that method. Multiple difficulties in apply-

Second, the intra-panelist classification consistency

ing the bookmark method were reported. Panelists ex-

for the modified-Angoff method was higher than for the

perienced cognitive confusion about arranging the items

bookmark method. However, the inter-panelist classi-

in order of difficulty. Because of the difficulty of

fication consistency for the bookmark method was

making a single break point in a test in which various

higher than for the modified-Angoff method. For the

subjects were combined, the applicability of the book-

modified-Angoff method, the intra-panelist agreement

mark method was evaluated negatively. However, the

was high, but the inter-panelist agreement was low.

bookmark method, which does not require all items to be

In the modified-Angoff method, each panelist did not

examined, requires less time for implementation, evalua-

significantly change his/her values, but the results of the

tion, and discussion, making it efficient and convergent.

rounds as a whole showed gradual changes due to

Although the convergence of the bookmark method’s

convergence towards the mean. In contrast, the ratings

panelists was better than modified-Angoff method’s, the

obtained using the bookmark method changed greatly

panel consisting of medical specialists recognized that

due to changes in the bookmark position in the order of

the modified-Angoff method was easier, more appro-

items. When the bookmark positions of the panelists are

priate, and more convincing. Although methods based on

adjusted, the inter-panelist agreement is improved. As a

IRT have many advantages in measurement compared

result, the effect of the convergence of the evaluation

with methods based on classical test theory, they are

results of the individual panelists into one value was

rarely applied because the public understanding of the

larger for the bookmark method.

concepts underlying IRT is poor. In particular, the

Third, the procedural assessment validated the process

modified-Angoff method is preferred in general edu-

of applying new methods, with several implications. The

cation fields where the standard setting process is carried

huge knowledge of medicine makes it difficult to

out by subject content experts, whereas the bookmark

identify the concepts of minimum competence as a

method is not widely used [23]. However, when a test

physician and minimum competency holder and to derive

contains many items that must be reviewed and has

the corresponding level of achievement. Standard setting

enough examinee for item analysis, the bookmark

panelists should have more discussion, education, and

method may be feasible because it is efficient, less
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time-consuming, and converges well, as shown in the

that are not a single subject. It is necessary to compare

present study. The bookmark method is more appro-

the results of more panelists or the results of other

priate when the content of the test satisfies the

panelists. As the content of the exam changes, it is also

unidimensionality assumption of IRT. Therefore, the

necessary to compare tests conducted in other years.

appropriate method may vary depending on the characteristics of the test. The use of a sufficiently empirical
method is a prerequisite for successful application, as
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