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Analysis on Validity and Academic
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Using Item Response Theory
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The national licensing examination is used to evaluate the medical competency at
the time of graduation, however no study has been performed on the validity of tra-
ditional Korean medicine license examination yet. The purpose of this study was to
develop learning analytics using item response theory (IRT) to examine the validity
and academic competency of the mock test of the national licensing exam. Classical
test theory and IRT were used to evaluate the validity of test items, and IRT was used
for test validity and competency analysis. The correlation between competency score
of 12 subjects was analyzed using Pearson’s correlation. The distribution of students’
latent competencies was examined by gender and administrative group using a Ker-
nel density map, Latent Profile Analysis, and x*. The guessing parameter of 340
items was relatively high, and the information level of 12 subjects were relatively low.
Significant correlations (r = 0.49-0.83, p < 0.05) were observed between the compe-
tency scores of total and 12 subjects. Two (high and low) latent academic competen-
cy groups were identified based on the competency score of 12 subjects. The low ac-
ademic competency group requiring intensive management has a significantly high-
er frequency of male students with the experience of academic fail in the seven-year
course. This study presented the quantitative learning analytics for the national li-
censing exam of traditional Korean medicine. The multifaceted item and test validi-
ties of the mock license test were provided, and an evidence-based approach to com-
petency-based student management and national licensing exam of traditional Ko-
rean medicine was suggested.

Keywords: Competency-focused education, Evidence-based teaching, Item response
theory, Learning analytics, National license exam
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Introduction

HA =R 7S At 4-7A%H9] HfE] 5
3t o7 ARIIRAQ e = o7 Flo]
(high-stakes testing) O 2, =-S5 ZHOA| & o9
FARE0] FT W8I TEAJol et Ml SAlol
AZ B9l BFctE = =Y FASE S FHe
CH1I.

ol gt Z7HA R A= tietils HE7F 574 =7 AFo0A
9] -4 A4 o7l Wo (i = license)® AZ2H
tH2l. ©5]9] 7]&0] B omelo] Hfolst FAfjEo] yfo= 2
TuA] o= iRl o] EA4 00 sigstrloll, ol Ao
SR A2 1S ol e w2 50 ST
TETH]. o], YERINA 875 = Al HE
I A A JFo] FAstal QP A I S HIsto], tatHl=ol A=
R A ERIS7HAE A(F A D)olzhs AE7]1o] 309 A%
ol A9] H7AI A& kAL QUTH4L.

QHOJAL H7HA R 1952 95T 9] HARKEHAD) HiEoll A Al
Z}QO‘ on, F7|H £ HAEXRZEE AJ&ete] B

2 A 19989 RE AP R upo] gk 20221 Al E o]
731%‘(97.1%)7} ATt A773] FAAETIAEL 71ES] X2
A @ t2A HFE A8 (computer-based Test, CBT)S A=
07 &8st erolst X Ao] thet 1132 340 KA 4] §

AR HFo g2 A= 771 AFAEA FAAAL 1A
EZFoto] 7AIZHSE-Et R = ATHA4].

1311% ‘5}944 =79l @ FAtol| & EL5EAL o]of Tt
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1, §A49] 430120, MEL A e =4[15-17] &

HJE";—J A7t A& o] 2 A= h2H 02, AL 7
9] By} A Sofl ik 242 oti 7] ofgrh3,18]. o]
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TFE5t7] 913 2419 B0l A2 3HdE4 (learning analytics)
o] =foll Aozt = ofgitt. ol<t °L7}ﬂ gyt W] A5 Al
"ol M= ST £48 AAZ sk SH2 A (competen-
cy) B B4 &9 5 (ability) ‘_J'HEHJ % (competence)

2 st Zole 23go] o] Yeho). olof whet, gojst m
SApge] F7HHe R AeEs Wsht wwa} 2L A
Aol 2w e DA} =28 AXSHA) Zalgon, shelelr 5
o] 3t B PEE B2

20]&(jtem response theory, IRT)S A-8519 8 APAL[3,1815
H < A5k,

Er) ol F7HAIFo] that FAE A
olg stofstalolA] At Lol TAjo] M 83
284 AR A St

RIS sl S 71 ) A9E AT 4 Sl B

EﬁAEZﬂﬂ' = ]3]- Ax —*]%J(computer adaptive test,
CAT)®] S &A5H4 7|5t o] 2o]tH21]. IRT+= °| 23} AL ¥

o] o} ¢l AHAFNAY ARGl HZAHA| vl AHA o]l o,
FESA7IeY AT o w2t 7|9 g Aol E(dlassical
test theory, CTT)E th4lsto] Thfst ShAEAof| =202 =9
B3 QchRi-23) ok, B Aol ko BEE 2
BOJTAL YIS U YL ol 47 A TS
A SUAE AT E 1S TA AR ARED Jem ),
AR 28T SHARA PEEO BEHE ARSI A
Hgahcin oA,

2 AT0IA Ak oA BrHARS) B 9 ek 24
Ho] St A 0] AFrE RIS fIet 712 o s &8
o, &% 2 AAE dolHe TA 57 B Al I
B3] f o] Hot 554%1 7fAE olEold 4= 2
o oM, SS9 st ol tigt Al 242 SS9
T Aeof o g @%Z]E 4 HE g FAIAR1 Bt
= Ao, ks B 2

1okt & = 74O]E‘r o] jtoJet Wa
S} -8-(evidence-based competency focused medical education) &
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Materials and methods

1. G5 O 3 XL
2019d0] A3 E 13} RO TAK 1272 34023D)e] thet 40789
S At o2 E8otqit B A FA T e
Q1¥3]9] A19)(PNU IRB/2022_75_HR) 0|5 3to]tu-8-4lo] 4]
tjo|§ & ghol 248 7859t
2. SIQJA} Z7IAIR EO|TIA}
SHOJAL F7IA S Y e (80T Wel2(32%]}), A5t
(4853, BAQFHAHTF0ER), ATsH16E), AFH AT}

SH16w), tolmIAFHeH162F), FUAHHB2ER), Lokt
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Q42R), AFAsH242 D), Y162, E2H16ED)
o RAEOR SAAHF(AT, 34T 40EFHEIT 1H)2=
=] Sl =TT 2F TS AsA = 340 Al
A1 60%(20473 )01 S35 A 671 Tzl Histe] 40% o1 54
(dap=hstoiok qiet. 67l 9] F2(Hatet /2 )2, Wt
Shiat Haeha45d/1122%), J7eH204/4827), HdoloR
A TH(8%/202%), s, A7l Tetat holH]lF7eH23
H/4829), F-Astt Aofaete] 9A(234/562 %), ol
AR oht #25H237/56 )0l

47} A5 L8Ao] Tejslo] vd 45k 2817]0] 24 A3}
o ¢ o) 1 23S wrelgich.

3. 84 24

B Ao 85 oAl 3405%9] Bt CTTS IRTE
Arg-sto] ALtstTh CTTANA Sl Eddol: B FJEe2 EA
£ %= E(0-1.00/Y, EYHEEE B I SHTY
AAZ(-1.0-1.0)2 L3t} IRTOA = EFEAZA(item char-
acter curve, ICC)& AR&5to] EFFEE A|AlSk=t], 3ol =(b)
= 92 ¥E FEEA ICC &5 ol didH= ICC 5895
9] 3(-4.0-4.002 YulotH, EFHE (= 0] dFFES
HHS 4= Ql= 5Y 224 ICC FES Tt == AHoA
9] 71€71(0-2.0°12, EFFZFE()e= AY F gl E=
WE SEEA ICC E59] FHK0-1.0)°1tH3,18]. 12 ZHEo|
23 FFE9] B s I Hatd 95% A0 R A4
At
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S Astlom, £5 HEE(a)7} 0.34 o|sto]H ¥EEo] A9 ¢l
T} 0.35-0.64= "R, 0.65-1.34= ‘FEsit, 1.35-1.69% &
o}, 1.70 o/dold ¢ =oF & sfAsielon, 3 F5%(0)7t
0-0.2 Alo]2 A A3 49, 0.2-0.3 Alo]S AA JFO2, 0.3014
& BeotA 2 9o FESIATH3,18,26,27.

O TAH340ETDe 123+ QlojA] AE Y] Bt I 5
F(-4-4)8 2134 (true score)E 2JT[ok= AlEEAIFA(test char-
acter curve, TCC)Z A|go] Igf £F(-4-4)E = A|Fole= FE9
AL 9u|sh= AJ$H H A (test information curve, TIC)O.Z A
AlSEIEr TICE= Al B Tl 23k 2329 2 E A
(item information curve, [IC)S X5 ¢35t kO 2 IICE £39
S oA ERlElE AFFEE(-4-9E B4 g F4eo]
oH3, 18],
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S AiHR1S Bty A FAole 3-24 K (3-parameter
logistic model) T} A]'—“?—ﬂﬁ%(expected a posteriori, EAP)S ARE
stglon, molnAlet 123420 SlolMe] S ALY BHe o
T A Gk oAl o] 5He] ARk IS
FA3}of| Qlo] A= Pearson’s correlationS ARE-5F3I T

A SHAY9] B Ad YA Z(kernel density map)S
ot ol AFHEH MES YUHO T A v
& EE FEA, AR 1ES 9ol BE3Hgaussian smooth-
ing}% A1gsto] Zeg olIA ShSicHs, 18], oo B, ol

4 shy BEE 49, S 1502 Uteo] AAsE,
SRR 71%oe @ duoet 337 Fote AU o4

4d) AsPe] 37 2502 eo] AXISISA,

1] B ol vlEos FAEol g S 15 ol
517] $Jsto] A =2 ukA B4 (latent profile analysis, LPA)E A3
SHArk. A Sl 2t 159 Jiees B APk 37
Fo| 24< B3l 2=, vt S7hee] mE Helels X
2utgd BElo] At A7t o ol frejulstAl A=A R
HE 7P e o] geld Ao sitt. 2 oAM= =
2upgd 2Elo] Hgte A|5=9] sfAef 3114, 1) Akaike informa-
tion criterion(AIC), consistent Akaike information criterion(CA-
IC), Bayesian information criterion(BIC), sample size adjusted
BIC(SABIC)7} &5 R2l5tH, 2) p-value for bootstrapped
likelihood test(BLRT-p)7} +-2l(p < 0.05)5+H, 3) entropy A7}
0.85T 2 AL Ol Ao Boltt. ol meuelo] u(d-
o), SRR T-SHAAITR-HATAR)E B Holk 5
A&l ZA BT

& 4 AlE E40)& jMetrik 4.1.1(. Patrick Meyer, Char-
lottesville, VA, USA)Z AFH&-5HR 2™ [28], 11 2]9] £49]:= jamo-
vi 2.3.24(The jamovi project, httpsi/ /www.jamovi.org)% AR
et BA EA49] A B+ HEQAL, 95%AIZ MR,
Shetgh) = Rle(0)Z B7]510 00, BA4 FofeEl2ep <
0.05, p < 0.01 ¥ p < 0.001-& AR-&51 .
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Fig. 1. Item validity of 12 subjects in national license mock exam.
IM1, internal medicine 1; IM2, internal medicine 2; AM, acupuncture medicine; PL, public health & medicine related laws; DS,
dermatology & surgery; NP, neuropsychiatry; OO, opthalmology & otorhinolaryngology; GY, gynecology; Pd, pediatrics; Py, preventive
medicine; Ph, physiology; Hb, herbology; VL, very low discrimination (<0.35); Lo, low discrimination (0.35-0.64); Ad, adequate
discrimination (0.65-1.34); Hi, high discrimination (1.35-1.690); VH, very high discrimination (=1.70); VE, very easy difficulty (<-2.0); Ea,
easy difficulty(-2.0--0.5); Mi, middle difficulty (-0.5-0.5); Di, difficult (0.5-2.0); VD, very difficult (>2.0); Ad, adequate guessing (0-0.2);
Mg, Marginal guessing (0.2-0.3); VH, Very High guessing (>0.3)
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Table 2. Correlation coefficient among total and subject competencies
Total IM1 IM2 AM PL DS NP 00 GY Pd Pv Ph
IM1 0.83"*
IM2 0.79™ 0.55"*
AM 0.59"* 0.45* 0.35*
PL 0.52"* 0.33* 0.33* 0.18
DS 0.62"* 0.67"* 0.46™ 0.15 0.32*
NP 0.65"* 0.56™* 0.53"* 0.29 0.27 041
00 0.49* 0.37* 0.43* 0.04 0.15 0.29 0.27
GY 0.74™ 0.66™* 0.52"* 0.45* 0.15 0.46™ 0.53"* 0.45*
Pd 0.50* 0.59 0.45* 0.34* 0.01 0.35* 0.23 0.33* 0.44*
Pv 0.64* 0.45" 0.39* 0.54 0.54* 0.33* 0.28 0.27 0.33* 0.28
Ph 0.55"* 0.45" 0.5 0.16 0.43* 0.29 0.M 0.42* 0.35* 0.32* 0.35*
Hb 0.60"* 0.54 0.54* 0.1 0.31 0.31* 0.54* 0.3 0.28 0.27 0.27 0.29

*p < 0.05, *p < 0.01,

p < 0.001. Bold represents coefficient bigger than 0.4. IM1, internal medicine 1; IM2, internal medicine 2; AM, acupuncture

medicine; PL, public health & medicine related laws; DS, dermatology & surgery; NP, neuropsychiatry; OO, opthalmology & otorhinolaryngology, GY,
gynecology, Pd, pediatrics; Pv, preventive medicine; Ph, physiology; Hb, herbology.
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Fig. 3. Kernel density map according to the sex and administrative groups.
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Table 3. Model fit scores of Latent Profile Analysis using academic competency in 12 subjects
Model n. # of profiles AIC BIC CAIC SABIC Entropy BLRT BLRT-p
1 1 132091 1361.44 1385.44 1286.34 1
2 2 1204.43 1266.92 1303.92 151.14 0.95 142.47 0.01
3 3 1190.17 1274.61 1324.61 1118.15 0.94 40.27 0.03

AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; CAIC, Consistent Akaike Information Criterion; SABIC, sample size adjusted BIC;
BLRT, bootstrapped likelihood ratio test; BLRT-p; p-value for BLRT.

Table 4. The distribution of high and low competency groups according to the administrative group and sex

Competency group Administrative group Sex Total Statistics
Female Male
High Master 6 7 13 =897, p=0011
Bachelor-Master 8 0 8
Flunk 4 0 4
Total 18 7 25
Low Master 0 7 7
Bachelor-Master 0 2 2
Flunk 0 6 6
Total 0 15 15
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Fig. 4. High and low academic competency groups in 12 subjects of national license mock exam.

Six groups for attesting failing were connected with dashed lines. White circle is for high academic competency group and back circle
for low academic competency group. Data shown as Mean and Standard Error. IM1, internal medicine 1; IM2, internal medicine 2; AM,
acupuncture medicine; PL, public health & medicine related laws; DS, dermatology & surgery; NP, neuropsychiatry; 00, opthalmology &
otorhinolaryngology; GY, gynecology; Pd, pediatrics; Py, preventive medicine; Ph, physiology; Hb, herbology
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