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= Abstract =

Purpose: To adjust item numbers in a national test, this study used item response theory to examine

changes in average scores, reliability, difficulty, and discrimination according to the adjustment of item
numbers.

Methods: We analyzed the dichotomous coding of correct and incorrect answers of 473 examinees in a
mock test conducted in 2023. Additionally, as an explanatory pilot study, we used an online
questionnaire to survey experts on their perceptions of the appropriate item numbers for each test
subject from January 18, 2024, to February 15, 2024.

Results: Regarding the item numbers on the national exam, experts preferred to reduce the number of
management of emergency patients (33.14+6.09, X.05) and advanced emergency medical care:
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subtopics (104.49+11.55, X.05), and the total number of questions (217.82+20.95, X.05). In a
simulation set in which items with low item fit were removed after fitting a two-parameter item

response theory model, reliability was maintained at .910 until the 5th test consisting of 185 questions

with little loss of difficulty, discrimination, and average score, and there was no correlation between

item numbers and average score.
Conclusion:

Experts responded that reducing the number of items on the national exam was

appropriate. As a result of the item reduction simulation, there was no significant loss in the average

score, difficulty, discrimination, or reliability. More reliable results could be obtained if the results were

based on a validity analysis and analyzed using actual national exams.

Keywords: Item response theory, High-stake examination, Item number, Average score
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Basic Medical Science

*
Management of Emergency Patient } 33.14

Advanced Emergency Medical Care
- General topics

Regulations on Emergency Medical Care } 21.03

Ad d E Medical C *
vanced Emergency Medical Care ’_4 4 10449

- Subtopics
*
Total >—4 —1217.82

100 150 200 250 300

Fig. 1. Online survey summary of the appropriate item numbers (marked with numbers) for the
level 1 emergency medical technician national exam. The asterisk(*) indicates that it is
statistically significant in a two-tailed test at a significance level of 0.05 when compared to the
item numbers in the current national examination.

Table 1. ltem numbers, passing rate, difficulty, discrimination, and reliability of the national
examination for level 1 emergency medical technicians by year

Year Item numbers  Passing rate(%) Difficulty Discrimination” Reliability

2012 240 86.3 68.8 27 943
2013 240 87.6 69.4 25 938
2014 240 81.5 68.2 27 945
2015 240 84.5 67.7 25 934

Mean 85.0 68.5 26 940
2016 230 84.5 69.3 25 937
2017 230 88.1 70.5 24 935
2018 230 88.3 71.8 23 932
2019 230 88.1 70.5 24 934
2020 230 85.9 68.9 25 938
2021 230 75.3 67.1 23 926
2022 230 88.1 74.0 26 945

Mean 85.5 70.3 24 935

Mean' 87.2 70.8 25 937

the difference in difficulty between the top 27% and bottom 27% groups
T Average of indicators from 2016 to 2022, excluding 2021
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Table 2. Identification of item response theory model

Model AIC BICT LogLik? 2 df D
Rasch 96215.53 97088.94 -47897.77 - - -
9PLS 95035.14 96773.65 -47099.57 1596.388 208 0

" Akaike's Information Criterion
TBayesian Information Criterion
"log likelihood ratio
$9-parameter logistic model

Table 3. Difference in Eigenvalues for testing the unidimensionality assumption

Ttems Factor 1 2 3
Eigenvalues 14.9570 4.0095 3.6458
Total(209) .
Difference of Eigenvalues 10.9475 0.36377 0.25197

"Difference between 1 and 2 factor
TDifference between 2 and 3 factor
Difference between 3 and 4 factor
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Table 4. Results of excluded questions by subject

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Total
Basic Medical Science
1 1 1 3
Management of Emergency Patient
1 1 3 1 2 2 11
Advanced Emergency Medical Care - General topics
1 2
Advanced Emergency Medical Care - Subtopics
2 3 1 3 3 3 18
Number of excluded items
4 5 5 5 5 5 34
Total Item numbers

205 200 195 190 185 180

Table 5. Correlation between number of questions and average % score
0 0
s e 4
-0.124 .636 -.162 6 769
Tt (Toble )3 2ok WEss Ao ¥ Ae =¥ §HHQ EEL
Q06504 13441018 fA3T Qglom, ¢ 5£EY £38L O F A% 24
olm AThel Wl 20014 05 AfolE B M AT
Atk ¥ 1852 Fo2 7AE 53 AW7A 4
BA% 9108 fASEA MHES) WEo] o]
A3} Hlaste] 22 Zo s Yehgth dol= V. 1
T 32 Al FH 17—“131 Sopz|=H|, HExE}
A=) HE2 A2 F7] Wil dol=rt
=zluk Ao] =z ke Talo] AAW Zolal 2 d7E 15 $FTEA S7AEYH =
Apmle @ AR 54 AR w5 e SNEN BRNROIES Asie] £
5¥o] 1667014 714 we AwEe nax S WL L1 AAE =2 =7
sk @ shadel gsie AEs eode RS v va FA.
Ak DWA 58S 0465014 048302 B B o8} ARZ T3] 2
e P2SgekFig. 2. B 4 AR bxp W HIETE S & =43
Ao BAETY FEE ZHo)A 2
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Table 6. Number of questions, percent score, discrimination, difficulty and reliability per test

Test  Mean+SD % Score Discrimination Difficulty Cronbach « KR21
0 133.8+20.2 64.0 0.702+0.39 -0.300£5.84 0.918 0.886
1 130.3+£19.8 63.56 0.701+0.39 -0.246+5.85 0.916 0.883
2 127.3+19.6 63.67 0.701+0.39 -0.447+5.40 0.915 0.884
3 124.0£19.2 63.59 0.709+0.40 -0.757+£4.25 0.914 0.883
4 120.8+18.7 63.58 0.705+0.40 -0.631+4.62 0.911 0.879
5 119.0£18.3 64.33 0.701£0.40 -0.661+4.98 0.910 0.878
6 117.0£17.7 64.99 0.698+0.40 -0.725+5.14 0.906 0.874
7 113.8+17.2 65.06 0.698+0.40 -0.710+5.02 0.903 0.871
Test 0 Test 5
200 175 ]
175 ) o m— 150 T s
150 - - -
© 125.4(60) o 7| 1160
:% 123 g 100
@ 100 a
o 2 75
= 75 =
- 50 ~
— o5 //
. L ~ B T e~ — ] 5 — = i T = —— .|
s 4 a3 2|alg. 1 3 4 5 5 4 3 211]l0 1 2 3 4 s
1,667 qul'eta 1667 -o.gg_gta
| TCC ——— TIF -—-— TS| | TCC ——— TIF -—-— T5g|

Fig. 2. Test characteristic curve (TCC), test information function (TIF) and test standard error
curve (TSE) of the original test (209 questions) and the 5th test (185 questions).
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