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Purpose: The Korea Medical Licensing Exam (KMLE) typically contains a large number of items. The purpose of this study was to in-
vestigate whether there is a difference in the cut score between evaluating all items of the exam and evaluating only some items when
conducting standard-setting.

Methods: We divided the item sets that appeared on 3 recent KMLEs for the past 3 years into 4 subsets of each year of 25% each based
on their item content categories, discrimination index, and difficulty index. The entire panel of 15 members assessed all the items (360
items, 100%) of the year 2017. In split-half set 1, each item set contained 184 (51%) items of year 2018 and each set from split-half set 2
contained 182 (51%) items of the year 2019 using the same method. We used the modified Angoff, modified Ebel, and Hofstee meth-
ods in the standard-setting process.

Results: Less than a 1% cut score difference was observed when the same method was used to stratify item subsets containing 25%,
51%, or 100% of the entire set. When rating fewer items, higher rater reliability was observed.

Conclusion: When the entire item set was divided into equivalent subsets, assessing the exam using a portion of the item set (90 out of
360 items) yielded similar cut scores to those derived using the entire item set. There was a higher correlation between panelists’ indi-

vidual assessments and the overall assessments.
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Introduction

Background/rationale

The purpose of the Korea Medical Licensing Examination
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Published: October 5, 2020 board has the task of determining appropriate passing criteria.

(KMLE) is to assess whether the test taker possesses the mini-

mum competency needed to hold a medical license. The licensing

This article is available from: http://jeehp.org The standard-setting has been carried out to determine the cut
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score for KMLE clinical skill test since 2009 [ 1]. However, it was
not applied for the written test yet up to 2020. It is necessary to
prepare the standard setting methods for the written test also.

Typically, the entire panel determines the final cut score
through multiple stages of review of the entire item set [2]. How-
ever, this method requires considerable time and effort. Addition-
ally, when panel members are asked to assess a large volume of
items, their reliability could be diminished due to fatigue. For
these reasons, the licensing board has attempted to implement
numerous alternatives for more efficient standard-setting [ 3 ]. Ahn
etal. [4] in 2018 suggested that the conventional standard setting
method, in which all panel members go through multiple rounds
of review of the entirety of the item set, is not effective because
each item set contains 360 items, which mostly involve prob-
lem-solving tasks, making the review process heavily time-con-
suming, especially as more than 30% of the items have a correct
answer rate of 90% or higher.

In general, there are 2 ways to approach this problem: to reduce
the number of items each panelist is asked to assess, or to divide
the item set into multiple parts for the panel to assess.

In the first approach—reducing the number of items the panel
is asked to evaluate—a subset of items needs to be selected from
the entire item set. Before this method can be implemented, it
needs to be determined that appropriate choices have been made
in terms of the appropriate number of items and the selection cri-
teria for items for the selected subset to represent the entire item
set adequately. Items can be selected from the item set by random
sampling or stratified sampling. In previous research, if the items
were randomly selected and if the size of the sample exceeded
50% of the entire item set, the cut score for the sample was similar
to the score for the entire item set [5]. When using stratified sam-
pling, panelists considered various properties of the items, includ-
ing difficulty, discrimination, and content, among which difficulty
was most frequently used and highly weighted [6].

Second, panelists can assess the item set by dividing it into a few
subsets, which panel members assess individually. Another selec-
tion standard is needed to develop each subset, and to do so, we
primarily considered the same properties of items as in the strati-

fied sampling process [ 7].

Objectives

The purpose of this study was to identify appropriate number
of items to set standards more efficiently in the written test of the
KMLE, for which the panel on the licensing board is asked to
evaluate a large volume of items. We established the following re-
search tasks to achieve these objectives: (1) How many items in
each subset would appropriately represent the entire item set? (2)
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Is there a difference of cut score in test sets with different item
amounts? (3) Does the rater reliability change based on the meth-

od of assessment according to the number of items?

Methods

Ethics statement

This study was approved by the Institutional Review Board of
Soonchunhyang University (IRB approval no., 202001-SB-003).
Informed consent was obtained from participants (standard-set-
ting panelists).

Study design
This study involved descriptive analysis and analysis of the pan-
el discussion for the standard-setting of the exam.

Participants (standard-setting panelists)

The standard-setting panel comprised 15 professors at medical
schools in Korea. Considering the subject areas that the examina-
tion covers, 2 professors in each of 7 specialties (internal medi-
cine, obstetrics and gynecology, preventive medicine, surgery, pe-
diatrics, psychiatry, and family medicine) and 1 professor in emer-
gency medicine participated. The majority (71.4%) of the panel-
ists had at least 3 years of experience in developing items for na-
tional examinations, and 92.8% had at least S years of educational

experience in universities (Table 1).

Table 1. Characteristics of panel members at medical schools in
Korea

Characteristic No. (%)
Specialty
Internal medicine 2(13.3)
Surgery 2(13.3)
Obstetrics and gynecology 2(13.3)
Pediatrics 2(13.3)
Psychiatry 2(13.3)
Family medicine 2(13.3)
Preventive medicine 2(13.3)
Emergency medicine 1(6.7)
Gender
Male 10 (66.7)
Female 5(33.3)
Age group (yr)
40s 5(33.3)
50s 8(53.4)
>60s 2(13.3)
Overall 15 (100)
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Setting

The examination materials were the KMLE items offered in
2017,2018, and 2019. Each year examination consists of 60 items
on general principles of medical science, 280 items on specific as-
pects of medical science, and 20 items on medical laws and regula-
tions. A test-taker must achieve 60% or higher on the overall ex-
amination and 40% or higher in each test component to pass the

examination.

Composition of subsets

Table 2 presents the procedure of constructing an equivalent
subset of the KMLE based on the major area, item discrimination
index, and item difficulty index. In the first phase, the major areas
were subdivided into 8 specialized areas, and then item discrimi-
nation index was categorized as below 0.2 and 0.2 or higher in the
second phase. The item difficulty index was classified into 3 cate-
gories (below 0.4, between 0.4 and 0.9, and 0.9 or higher) in the
third phase. In the fourth phase, the categorized items were la-

Table 2. Classification procedure to obtain equivalent subsets

beled A and B, in alternating order, and items with each label were
collected in a separate column. In the fifth phase, items were la-
beled as Al, A2, B1, and B2 in alternating order within each col-
umn. Finally, the items with each label (A1, A2, B1, and B2) were
grouped together. It was repeated for items of the KMLE 2017,
2018, and 2019.

Fig. 1 showed a simple schematic outlining the procedure of
categorizing all 360 items. Each grouped item was labeled type A
and B based on whether it had an odd or even number in the first
phase (50% each). Then we constructed four subsets (type Al,
A2, B1, B2) by dividing each group by half. All groups (Al, A2,
B1, and B2) were designated as the whole item set (100%). All 15
panelists participated in assessing the whole item set (KMLE
2017). KMLE 2018 and 2019 were assessed by 7 members each
(1 from every specialty), in addition to the emergency medicine
specialist, who assessed all test items. Therefore, item selection

can be said as a stratified sapmpling.

Step 1:specalty g 2 2t e Step 3 tem diffcuty index "t tor each group) "% o each groun)
1 <0.2 0-0.39 A B, AB,.. A1,A2,A1,A2, ..
B1, B2, B1, B2, ...
0.40-0.89 A B AB,.. A1,A2, A1, A2, ..
B1, B2, B1, B2, ...
0.90-1 A B AB,.. A1,A2, A1, A2, ..
B1, B2, B1, B2, ...
>0.2 0-0.39 A B AB,.. A1, A2, A1, A2, ..
B1, B2, B1, B2, ...
0.40-0.89 A B AB,.. A1,A2, A1, A2, ..
B1, B2, B1, B2, ...
0.90-1 A B AB,.. A1,A2, A1, A2, ..
B1, B2, B1, B2, ...
2-8
: ' A1
j Type A (25%)
: , (50%%0)
: A2
' . (25%)
All items ) )
(100%) :
' B1
j Type B (25%)
° ; (50%0)
B2
; (25%)

Fig. 1. Procedure of classifying the entire item set into subsets based on sorting criteria.
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Standard-setting methods applied

We used the modified Angoff, modified Ebel, and Hofstee
methods in this study to set standards. In the modified Angoft
method, the panel determined the probability that a marginally
competent medical license holder would return the correct an-
swer for each item. We used the average value of the scores sub-
mitted by each panel member as the cut score [8]. In the modified
Ebel method, the panelists evaluated the relevance of an item and
its difficulty. Relevance was assigned as essential, important, or
additional knowledge for a license holder beginning the first day
of work as a physician. The difficulty level was assigned based on
the expected correct answer rate, as easy, medium, or hard [9]. We
considered the distribution of the item difficulty index on the
KLME when assigning the difficulty level in the modified Ebel
method. Easy items had a correct answer rate of 90% or higher,
medium items had a rate of 40% to 90%, and hard items had a rate
of below 40%. The average value submitted by each panelist for
the expected correct answer rate of borderline test-takers was
used. In the Hofstee method, each panel member responded with
the lowest cut score permissible, the highest cut score, the lowest
failure rate, and the highest failure rate. The intersection of the
score distribution of test-takers and the values submitted by the

panel members served as the cut score [ 10].

Implementation process of the standard-setting method
‘We held standard-setting workshops on February 8 and February
22,2020, with 2 full-day workshops. On the first day, we introduced
the purpose of this research and the standard-setting method and
discussed the process of determining the minimum-competency
physician. After consensus was reached on the concept of the mini-
mum-competency physician, item sets were provided and assessed.
After individual estimations, the panel discussed the results and
then derived the final result after a single revision. The detailed
schedules of the workshops are presented in Supplement 1. As
coronavirus disease 2019 (COVID-19) spread in China, the first
workshop was delivered using an in-person model while adhering
to quarantine instructions. However, the second workshop was
held remotely in light of the rapid spread of COVID-19 in Daegu
and Gyeongbuk in Korea. The predetermined schedule was used
in the remote session, but the results were confirmed and discus-
sions were held using online methods, including e-mail, messen-

ger (KakaoTalk), and cellphone instant messages.

Survey for procedural validity
A survey was conducted to ascertain participants’ awareness of
the procedure of standard-setting and the results. The survey in-

cluded S-point scale items measuring participants’ understanding
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of the orientation, whether they were comfortable embarking on
the assessment process, and whether the respondent believed that
the cut score was appropriate. We also collected opinions on as-

sessing the entire item set or assessing a subset of items.

Statistical methods

Descriptive statistics was used for the assessment results, in-
cluding the mean differences and confidence levels. We utilized
the kappa coefficient for classification accuracy to measure asses-
sors’ reliability. For panel members who assessed 2 subsets of
tests, we compared the correlations between their ratings. The
correlation coefficients between individual assessment results and
the overall results were calculated. The confidence levels for statis-
tical tests were evaluated at the 0.01 level, using IBM SPSS ver.
20.0 (IBM Corp., Armonk, NY, USA).

Results

Results for each standard setting method

Modifed Angoff method

The final results for the assessment using the modified Angoff
method were derived after individual estimation for the selected
items in the first round, followed by a second-round estimation
after discussion. The cut score for KMLE 2017 was determined to
be 63.5% for the first and second rounds. For KMLE 2018, the
cut score decreased slightly in the second-round estimation, with
62.0%, compared to 62.8% in the first-round estimation. The cut
scores for KMLE 2019 in both rounds of assessment were similar,
with 65.3% in the first round and 65.1% in the second round. The
results of the standard-setting process using the modified Angoff
method are presented in Table 3. The passing rates for each subset

Table 3. The results of the modified Angoff method

Test Type No. (%) Mean %
KMLE 2017 A1 90 (25) 62.5
A2 90 (25) 63.1
B1 90 (25) 64.3
B2 90 (25) 64.2
Mean 63.5
KMLE 2018 A1 90 (25) 62.8
B2 94 (26) 61.1
Mean 62.0
KMLE 2019 A1+B2 182 (51) 65.1
(A1) 107 (30) 64.1
(B2) 75 (21) 66.2
Mean 65.1

KMLE, Korean Medical Licensing Examination.
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Table 4. The results of the modified Ebel method

No. of items xexpected correct answer rate of

No. of items Expected correct g
Relevance Difficulty answer rate of borderline borderline group
KMLE 2017 KMLE 2018 KMLE 2019 group KMLE 2017 KMLE 2018 KMLE 2019
Essential Easy 2 1 80.67 1.6 0.8
Medium 215 136 "7z 69.33 148.4 93.8 80.7
Hard 2 3 2 53.67 1.1 1.6 1.1
Important Easy 75.33
Medium 135 41 49 63 85.1 25.8 309
Hard 2 2 47.33 0.9 0.9
Additional Easy 64
Medium 6 2 10 48 29 1 4.8
Hard 1 33.47 0.3
Total - 360 184 182 Cut score 239 123.2 119.6
Score out of 100 points - 66.4 67 65.7
1 grance- 1 goo
0.9 0.9
0.8 0.8
0.7 0.7
% 0.6 ‘g 0.6
g o5 ¢ o5
T 04 T 04
0.3 03
g? 562001017 69,53 (00403) 02 56.20 (0.1017)
0 o . Y 0'(1) - 69.53 (0.0403)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Percent correct

Fig. 2. Hofstee graph for the Korean Medical Licensing Examina-
tion in 2017.

were 62.5%, 63.1%, 64.3%, and 64.2%, respectively, which were
similar, with an overall passing rate of 63.5%. Subsets Al and B2
were assessed for KMLE 2018. The passing rates were 62.8% and
61.1%, respectively, with an average of 62%. For KMLE 2019,
subsets Al and B2 were assessed together as a single item set, and
the result was 65.1%. The passing rates for each subset were simi-
lar. The modified Angoff estimation data of the panel are present-
ed in Dataset 1.

Modified Ebel method

The results for the modified Ebel standard-setting process are
presented in Table 4. Most items assessed were related to essential
knowledge and had medium difficulty. On the percentile scale,
the assessment results were 66.4% for KMLE 2017, 67% for
KMLE 2018, and 65.7% for KMLE 2019. The data provided by
the panel on the expected correct answer rate of the borderline

group are shown in Supplement 1.

www.jeehp.org

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Percent correct

Fig. 3. Hofstee graph for the Korean Medical Licensing Examina-
tion in 2018.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0 . - 65.83
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Percent correct

Failure rate

56.20 (0.1017)
69.53 (0.0403)

Fig. 4. Hofstee graph for the Korean Medical Licensing Examina-
tion in 2019.

Hofstee method

The Hofstee graph for each test is presented in Figs. 2—4, re-
spectively. On average, the maximum failure rate acceptable for
the panel was 10.2%, the minimum failure rate was 4.0%, the
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Table 5. Comparison of cut scores

Test Type No. (%) Modified Angoff Modified Ebel Hofstee
KMLE 2017 Al 90 (25) 62.5 66 61.9
A2 90 (25) 63.1 65.9
B1 90 (25) 64.3 67.1
B2 90 (25) 64.2 66.6
Mean+SD 63.5+0.8 66.410.5
KMLE 2018 A1l 90 (25) 62.8 66.5 67.8
B2 94 (26) 61.1 67.4
Mean+SD 62.0+0.9 67.0£0.5
KMLE 2019 A1+B2 182 (51) 65.1 65.7 65.8
(A1) 107 (30) 64.1 65.9
(B2) 75 (21) 66.2 65.4
MeanSD 65.1+1.1 65.710.3

KMLE, Korean Medical Licensing Examination; SD, standard deviation.

highest cut score was 69.5%, and the lowest cut score was 56.2%.

The Hofstee assessment results based on the data were 61.9%
for KMLE 2017, 67.8% for KMLE 2018, and 65.8% for KMLE
2019 on a percentile scale.

Comparison of cut scores between standard-setting methods

The results of the standard-setting process through the modi-
fied Angoft, modified Ebel, and Hofstee methods with items from
the KMLE from the past 3 years are presented in Table 5.

KMLE 2017 comprised 4 subsets, each containing 25% of the
original item set. The average cut score using the modified Angoff
method was 63.5%, with a standard deviation of 0.8%; using the
modified Ebel method, the average was 66.4%, with a standard
deviation of 0.5%; and using the Hofstee method, the cut score
was 61.9%.

KMLE 2018 comprised 2 subsets, each containing 25% and
26% of the original item set. The average cut score using the mod-
ified Angoff method was 62%, with a standard deviation of 0.9%;
using the modified Ebel method, the average was 67%, with a
standard deviation of 0.5%; using the Hofstee method, the cut
score was 67.8%.

KMLE 2019 comprised 2 subsets, each containing 51% of the
original item set. The average cut score using the modified Angoff
method was 65.1%, with a standard deviation of 1.1%; using the
modified Ebel method, the average was 65.7%, with a standard
deviation of 0.3%; using the Hofstee method, the cut score was
65.8%.

The cut score for each standard setting method (modified An-
goff, modified Ebel, and Hofstee) was significantly different from
that of the other methods for KMLE 2017 (63.5%, 66.4%, and
61.9%, respectively). For KMLE 2017, 100% of the items were as-
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sessed. In KMLE 2018, where 51% of the items were assessed, the
results of the modified Ebel and Hofstee methods were similar
(62%, 67%, and 67.8%, respectively). The results of all stan-
dard-setting methods were similar in KMLE 2019, where 51% of
the item set was assessed, with 65.1%, 65.7%, and 65.8% for the
modified Angoff, modified Ebel, and Hofstee methods, respec-
tively.

Rater reliability

The inter-rater classification consistency for the modified An-
goff method is shown in Supplement 2. The kappa coefficient,
which indicates inter-rater classification consistency, was generally
high (0.60 or higher) in KMLE 2017. The accuracy of panelists
no. 9 and no. 15 was low relative to the other panel members. No-
tably, panelist no. 9s assessments did not match those of the other
members of the panel at all. The kappa coefficient in KMLE 2018
was very high (0.80 or higher), and the classification consistency
between panelists no. 1 and no. 7 was 1.000, indicating identical
responses. The kappa coefficient for KMLE 2019 was also gener-
ally very high (0.75 or higher), and a value of 1.000 was found be-
tween panelists no. 13 and no. 15, indicating another identical
match.

The average kappa coefficient in KMLE 2017, excluding panel-
ists no. 9 and no. 15, was 0.72; the average value for KMLE 2018
was 0.92 and that for KMLE 2019 was 0.86. The inter-rater classi-
fication consistency in KMLE 2018 and KMLE 2019 was gener-
ally higher than that of KMLE 2017.

We calculated the kappa coefficient for measuring the intra-rat-
er classification consistency of each panel member between tests,
and the results are shown in Table 6. The intra-rater kappa coeffi-
cient between KMLE 2017 and KMLE 2018 was high (0.75),
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Table 6. Intra-rater classification consistency (kappa coefficient) with the exception of panelist no. 9. However, the kappa coeffi-
for the modified Angoff method cient between KMLE 2017 and KMLE 2019 varied from 0.56 to
Panelist KMLE 2017 vs. KMLE 2018  KMLE 2017 vs. KMLE 2019 0.92. Excluding panelist no. 9, the classification consistency be-
P1 0.902 - tween KMLE 2017 and KMLE 2018 was higher on average than
P2 0.874 - that between KMLE 2017 and KMLE 2019 (0.88 > 0.73).

Pé 0912 - Table 7 shows the results of the paired t-test for the correlation
P9 0.051 -

coefficients between individual expected correct answer rates and

P10 0.994 - .

the average expected correct answer rates. The correlation coeffi-
P11 0.755 - , o
P14 0966 cient between the expected correct answer rate evaluated by indi-
p7 0794 0770 vidual panelists and the overall average was significantly higher
P3 _ 0729 when 50% of the item set was assessed than when the entire item
P4 , 0919 set was assessed.
P5 - 0.753
P8 - 0.561 Survey results
P12 - 0.645 Table 8 presents the survey results submitted by the panel
P13 - 0.909 members. On a S-point Likert scale ranging from “strongly dis-
P15 - 0.572

agree (1 point)” to “strongly agree (S points),” the highest score

KMLE, Korean Medical Licensing Examination. (4.6) was given for the item assessing participants’ understanding

Table 7. Comparison of correlation coefficients between individual assessments and the overall average

Test No. Meanzstandard deviation t-value Degrees of freedom P-value
KMLE 2017 vs. 2018 -5.158 6 0.002
KMLE 2017 7 0.519+0.095
KMLE 2018 7 0.633+0.113
KMLE 2017 vs. KMLE 2019 -6.072 6 0.001
KMLE 2017 7 0.471+0.071
KMLE 2019 7 0.636+0.076

KMLE, Korean Medical Licensing Examination.

Table 8. Survey results of the panelists

Test Question Meanztstandard deviation
Orientation 1. The orientation provided adequate information on the purpose of the standard-setting process 4.6+0.5
for a cut score.
2. The concept of the minimum-competency physician was clear. 4.2+0.8
3. It was expedient to assume the correct answer rate of minimum-competency physician. 3.1+09
4.1 could fill in the assessment form based on the guidelines. 4.410.6
KMLE 2017 1. The individual assessment went smoothly. 43105
2. The overall assessment procedure went smoothly. 4.410.5
3. An appropriate rest period was given. 44105
4. The cut score | submitted was appropriate. 3.610.6
5. The final cut score determined by the panel was appropriate. 4.1+0.6
KMLE 2018 and 2019 1. The individual assessments went smoothly. 4405
2. The overall assessment procedure went smoothly. 4.3+0.6
3. An appropriate rest period was given. 45105
4. The cut score | submitted was appropriate. 3.710.6
5. The final cut score determined by the panel was appropriate. 4.1+0.5

KMLE, Korean Medical Licensing Examination.
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Table 9. Opinions on determining the cut score by reviewing a subset that represents the entirety of the item set

Response Before workshop After workshop After the result analysis process
Strongly disagree - 1(6.7) -

Disagree 2(14.3) 6 (40) 2 (20)

Neutral 2(14.3) 2(13.3) 3(30)

Agree 8(57.1) 5(33.3) 3(30)

Strongly agree 2(14.3) 1(6.7) 2 (20)

Overall 14 (100) 15 (100) 10 (100)

Values are presented as number (%).

of the information given at orientation. The reaction to the gener-
al process was favorable. On the question asking whether it was
expedient to assume the correct answer rate of the mini-
mum-competency physician, the average score was 3.1, corre-
sponding to the middle of the road. The score for the perceived
suitability of the individual assessment grades was 3.6, whereas
panelists felt that the determined final cut-off grade was more ap-
propriate, with 4.1 points on average. The response data submit-
ted by the panel members are shown in Dataset 2.

‘We surveyed participants 3 times regarding the suitability of de-
riving a standard grade for the KMLE by considering only a sub-
set of the entire item set. Prior to the first workshop, 71.4% of the
respondents were favorable to the suggestion, but the rate de-
creased to 40% right after the second workshop. However, the
proportion of favorable responses increased to 50% on the third
survey, which was completed after the panel confirmed the overall
results for the entire workshop process (Table 9).

We then asked the panelists to list the advantages and disad-
vantages of developing a cut score with a subset of the item set.
The advantages were that it takes less time and effort, as fewer
items need to be assessed, and that a more accurate assessment
may be possible, as more time is available for discussion since
less time is taken up by the assessment process itself. Less time
would be consumed by assessing all the items, particularly those
with very high correct answer rates. However, panelists were
concerned that the licensing board may become vulnerable to
potential challenges such as legal action if some of the items are
published without an assessment, especially in light of the im-
portance of the exam, which is administered by the state and has
major implications for test-takers’ future professional careers.
Moreover, some respondents were concerned that it would be
challenging to ensure that the selected subset adequately rep-

resents the entire item set.

Discussion

In this research, we examined the utility and reliability of an al-
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ternative standard setting method, in which panelists assessed
subsets obtained through stratified sampling instead of assessing
the entire set of items. Using the item sets that appeared on recent
KMLEs, equivalent subsets, each containing around 25% of the
original item set, were created based on the item content catego-
ries, item discrimination, and item difficulty. The standard-setting
results using subsets of 25%, 51%, or 100% of the original item set

were analyzed.

Interpretation

First, when the item set under review was divided into equiva-
lent subsets, and the cut score was derived from some or all of the
subsets, the resultant passing rate was highly similar. Of particular
note, the smallest subset, which only contained 90 items (25% of
the item set), resulted in a similar cut score to that of the estima-
tion process that utilized the entire item set.

Ferdous and Plake [3] in 2005 reported that if the size of the
subset was 50% or more of the entire item set, the resulting cut
score was very similar to the score derived from the entire item
set. Kannan et al. [11] in 2015 showed through an analysis using
generalizability theory that at least 40 to 50 items were required to
achieve estimations with a reliability of 0.80 to 0.90.

Secondly, inter-rater consistency was significantly higher when
raters were asked to evaluate 51% of the item set than when they
evaluated 100% of the set. Even though we cannot rule out inter-
ference from the order effect, as the raters did assess 100% of the
item set first, followed by the 51% subset, it is worth noting that
the correlation coefficients increased even though the panel mem-
bers assessed different item set with different pass rates. The pan-
elists responded that the advantages of assessing only part of the
item set were that doing so helped to mitigate fatigue, as less time
was required for the estimation process, and that reliability in-
creased because more time could be allocated to discussions
among the panelists.

Third, we adopted various criteria to select and distribute the
items. Previous research employed a random or stratified sam-
pling process to construct a subset from the entire item set. We
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collected different numbers of items from the entire item set to
identify a suitable number. The stratified sampling process uti-
lized multiple properties of items, including major areas, difficulty
index, and discrimination index. Items were either selected at ran-
dom or we jointly considered the properties of each item (item
content categories, item discrimination, and difficulty) in our
analysis.

Kara and Cetin [12] in 2020 constructed subsets comprising
30%, 40%, 50%, or 70% of the item set based on content areas,
difficulty index, and discrimination index, and then analyzed 16
combinations of methods and subtests (4 methods x4 subtests).
The most effective method was to develop a subtest with a strati-
fied sample based on the item content categories. This result is
also commensurate with those of other previous studies [5,6,12].
We sequentially divided items based on the item content catego-
ries, item discrimination index, and item difficulty index. Each
group of items was sorted by item number within the item con-
tent categories, and then divided evenly between an odd-num-
bered group and an even-numbered group. It is essential to estab-
lish a standard that enables us to allocate the appropriate number
of items with a similar distribution every year, reflecting the results
of previous examinations, to establish a classification standard for
the items on annual examinations in future years. This is the only
way to ensure that a suitable number of items are included in each
group.

Fourth, based on the survey results from the panelists, even
though panel members acknowledged some advantages of only as-
sessing a portion of the items, they were also concerned about the
possibility of challenges to the legitimacy of the cut score brought
by test-takers who do not pass the exam if the cut score derived
from a partial assessment was used in the national examination. Al-
ternatively, it is conceivable to assess the item set based on equiva-
lent subsets instead of a sequential approach to the entire item set,
considering the status of the KMLE as a nationally recognized ex-
amination. If panelists are asked to assess a higher volume of items,
panelist reliability may be diminished as a result of the greater
amount of time committed to the assessment and the consequent
heightened fatigue of the panelists. In such circumstances, it would
be more expedient for the panel to be exposed to equivalent sets of
items that they have experience in evaluating, rather than reviewing
anew type of item or a new item content category that appears later

in the item set while under fatigue.

Limitations

First, this research only represents a single attempt at carrying
out the process described herein. We did not create multiple sets
of data by attempting multiple methods of item sampling and par-

www.jeehp.org

tial assessments, which would enable statistical tests of the quanti-
tative analysis for each method itself. Therefore, we cannot defini-
tively conclude that the results from a partial assessment are not
different from those obtained by assessing the entire item set.
Moreover, it may be very difficult to ensure homogeneity for the
properties of items and individual differences among raters.
Hence, a simulation may be required to examine whether adjust-
ing some of these conditions also yields the same result. Secondly,
we may not have had enough time to cover 3 years’ worth of item
sets from the national examination in a 2-day workshop. In partic-
ular, the second day of the workshop was held remotely due to the
COVID-19 pandemic and may have lacked sufficient discussion
compared to those that would have taken place offline. Nonethe-
less, each panelist recognized the gravity of the situation and en-
gaged in the online workshop actively and professionally.

Conclusion

In this research, we systematically divided item sets into equiva-
lent subsets as an alternative to the traditional method of stan-
dard-setting. The assessments using subsets (25% of whole items)
yielded similar cut scores to those of an assessment of the entire
item sets, as well as a cut score derived from an assessment proce-
dure using individual subsets. Furthermore, we confirmed that in-
ter-rater consistency was higher when panelists were asked to as-
sess 51% of the items than when panelists were requested to eval-
uate 100% of the item set. Hence, we believe that this research lies
in identifying a basis for a more flexible standard-setting method
in the future.

ORCID

Janghee Park: https://orcid.org/0000-0002-4163-5729; Mi
Kyoung Yim: https://orcid.org/0000-0001-5048-0477; Na Jin
Kim: https://orcid.org/0000-0001-8278-2541; Duck Sun Ahn:
https://orcid.org/0000-0003-2762-0026; Young-Min Kim:
https://orcid.org/0000-0001-8765-7109

Authors’ contributions

Conceptualization: JHP, MKY, NJK, YMK, DSA. Data cura-
tion and analysis: JHP, MKY, NJK. Funding acquisition & project
administration: JHP. Writing—original draft: JHP, MKY, NJK.
Writing-review & editing: JHP, MKY, NJK, YMK, DSA.

Conflict of interest

Mi Kyoung Yim is a staff of the Korea Health Personnel Licens-

(page number not for citation purposes) 9



http://orcid.org/0000-0002-4163-5729
http://orcid.org/0000-0001-5048-0477
http://orcid.org/0000-0001-8278-2541
http://orcid.org/0000-0003-2762-0026
http://orcid.org/0000-0001-8765-7109

J Educ Eval Health Prof 2020;17:28 e https://doi.org/10.3352/jeehp.2020.17.28

Jeehp

ing Examination Institute; however, this study is not an official
opinion of the Institute. No potential conflict of interest relevant

to this article was reported.

Funding

This work was supported by the Korea Health Personnel Li-
censing Examination Institute of Korea in 2019 (No. RE02-2007-
00).

Data availability

Data files are available from Harvard Dataverse: https://doi.
org/10.7910/DVN/CBOUPU

Dataset 1. Panel rating data.

Dataset 2. Panel survey data.

Acknowledgments

None.

Supplementary materials

Data files are available from Harvard Dataverse: https://doi.
org/10.7910/DVN/CBOUPU

Supplement 1. Workshop schedule.

Supplement 2. Inter-rater classification consistency (kappa coeffi-
cients) for the modified Angoff method.

Supplement 3. The audio recording of the abstract.

References

1. Park HK. The impact of introducing the Korean Medical Li-
censing Examination clinical skills assessment on medical edu-
cation. J Korean Med Assoc 2012;55:116-123. https://doi.
org/10.5124/jkma.2012.55.2.116

2.Yim M. Comparison of results between modified-Angoff and
bookmark methods for estimating cut score of the Korean med-
ical licensing examination. Korean ] Med Educ 2018;30:347-

www.jeehp.org

357. https://doi.org/10.3946/kjme.2018.110

3. Ferdous AA, Plake BS. The use of subsets of test questions in an
Angoff standard-setting method. Educ Psychol Meas 2005;
65:185-201. https://doi.org/10.1177/0013164404264852

4. Ahn DS, Park JH, Yim MK, Lee JH. A study about standard set-
ting for national licensing exams for health professions. Seoul:
Korea Health Personnel Licensing Examination; 2018.

5. Ferdous AA, Plake BS. Item selection strategy for reducing the
number of items rated in an Angoff standard setting study. Educ
Psychol Meas 2007;67:193-206. https://doi.org/10.1177/
0013164406288160

6. Smith TN. Using stratified item selection to reduce the number
of items rated in standard setting [Internet]. Tampa (FL): Uni-
versity of South Florida; 2011 [cited 2020 Sep 7]. Available
from: https://scholarcommons.usf.edu/cgi/viewcontent.cgi?
article = 4550&context = etd.

7. Buckendahl CW, Ferdous AA, Gerrow J. Recommending cut
scores with a subset of items: an empirical illustration. Pract As-
sess Res Eval 2010;15:6. https://doi.org/10.7275/tv3s-cz67

8. Angoft WH. Scales, norms, and equivalent scores. Princeton
(NJ): Educational Testing Service; 1984. 144 p.

9. Park J, Ahn DS, Yim MK, Lee ]. Comparison of standard-setting
methods for the Korea Radiological Technologist Licensing Ex-
amination: Angoff, Ebel, bookmark, and Hofstee. ] Educ Eval
Health Prof 2018;15:32. https://doi.org/10.3352/jeehp.2018.
15.32

10. Hofstee WK. The case for compromise in educational selection
and grading. In: Anderson SB, Helmick JS, editors. On educa-
tional testing. San Francisco (CA): Jossey-Bass; 1983. p. 109-
127.

11. Kannan P, Sgammato A, Tannenbaum RJ, Katz IR. Evaluating
the consistency of Angoff-based cut scores using subsets of
items within a generalizability theory framework. Appl Meas
Educ2015;28:169-186. https://doi.org/10.1080/08957347.20
15.1042156

12. Kara H, Cetin S. Comparison of passing scores determined by
the Angoff method in different item samples. Int J Assess Tool
Educ2020;7:80-97. https://doi.org/10.21449/ijate.699479

(page number not for citation purposes) 10



https://doi.org/10.7910/DVN/CBOUPU
https://doi.org/10.7910/DVN/CBOUPU
https://doi.org/10.7910/DVN/CBOUPU
https://doi.org/10.7910/DVN/CBOUPU
https://doi.org/10.5124/jkma.2012.55.2.116
https://doi.org/10.5124/jkma.2012.55.2.116
https://doi.org/10.5124/jkma.2012.55.2.116
https://doi.org/10.5124/jkma.2012.55.2.116
https://doi.org/10.3946/kjme.2018.110
https://doi.org/10.3946/kjme.2018.110
https://doi.org/10.3946/kjme.2018.110
https://doi.org/10.3946/kjme.2018.110
https://doi.org/10.1177/0013164404264852
https://doi.org/10.1177/0013164404264852
https://doi.org/10.1177/0013164404264852
https://doi.org/10.1177/0013164406288160
https://doi.org/10.1177/0013164406288160
https://doi.org/10.1177/0013164406288160
https://doi.org/10.1177/0013164406288160
https://doi.org/10.7275/tv3s-cz67
https://doi.org/10.7275/tv3s-cz67
https://doi.org/10.7275/tv3s-cz67
https://doi.org/10.3352/jeehp.2018.15.32
https://doi.org/10.3352/jeehp.2018.15.32
https://doi.org/10.3352/jeehp.2018.15.32
https://doi.org/10.3352/jeehp.2018.15.32
https://doi.org/10.3352/jeehp.2018.15.32
https://doi.org/10.1080/08957347.2015.1042156
https://doi.org/10.1080/08957347.2015.1042156
https://doi.org/10.1080/08957347.2015.1042156
https://doi.org/10.1080/08957347.2015.1042156
https://doi.org/10.1080/08957347.2015.1042156
https://doi.org/10.21449/ijate.699479
https://doi.org/10.21449/ijate.699479
https://doi.org/10.21449/ijate.699479

	Introduction 
	Background/rationale 
	Objectives 

	Methods 
	Ethics statement 
	Study design 
	Participants (standard-setting panelists) 
	Setting 
	Composition of subsets 
	Standard-setting methods applied 
	Implementation process of the standard-setting method 
	Survey for procedural validity 
	Statistical methods 

	Results 
	Results for each standard setting method 
	Modifed Angoff method 
	Modified Ebel method 
	Hofstee method
	Comparison of cut scores between standard-setting methods 

	Rater reliability 
	Survey results 

	Discussion 
	Interpretation 
	Limitations 
	Conclusion 

	ORCID 
	Authors’ contributions 
	onflict of interest 
	Funding 
	Data availability 
	Acknowledgments 
	Supplementary materials 
	References 

