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Evaluation of an intelligent tutoring system in pathology: Effects of external
representation on performance gains, metacognition, and acceptance.
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Conclusion
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Background

Intelligent Tutoring System

> Intelligent Tutoring System (ITS) XEHBEL A7 AT, 1xt1{EETCEL<ALN
TWAHHEEEZ=I 2L — 352 L a2ilA 5. (Koedinger et al., 1997)

> Cognitive Tutoring System (X ITS OY% 7 ¥ A 7 O—>T, @A OT 0 X 7 v
g VL= )L EFIBE AN TS, (Anderson, 1993)

> %< @ Cognitive Tutoring System 1%, 72< SADOESHFERELEL L2, T
i Z BYZR BRI D T2 OB STz,
< Het - BlR#0E (Koedinger et al., 1993; Gerther et al., 2000)
$ 774 h¥alb—% K L—=r7Mitchell, 2000)
< 5T b —=27(Lesgold et al., 1993)

Medical Tutoring Systems

> ARBFELENC S, DEOERED ITS 2% STz, (Clancey & GUIFON,
1983; Eliot et al., 1996; Woo et al., 2006; Azevedo et al., 1998; Sharples et al.,
2000; Smith et al., 1998; Suebnukarn & Haddawy, 2006; Kabanza et al., 2006)
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Effect of Problem Representation on Problem-solving

> AR ONIE X D KRB, v Py 7 S e sEk OB R R R O 7



oy
@

3

4

6Y)

2015/11/16
S S ST

(BT 5 Z LR &N 7-. (Stenning et al., 1995; Toth et al., 2002)

Mental Representation for Medical Problem-solving
> [EES B ORERR T 2 FEOMBERBUCET 25801 5 5.
< Case-based(Shmidt et al., 1990)
< Knowledge-based(Mandin et al., 1997)
> FAT=HOmBEEY, case-based %f knowledge-based DREFHLUIZEI T2 A1 72
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Research Question
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T HTeODFAEDAZZBIGEN I Z M ESHE L2
Fa—H =V TURATAEFENMED Z LIZK 5T, MEEB (case-focused vs.
knowledge-focused)id, FEH 7 A >4 L AIRA XFREAT A ANHERT 2002
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Method
Study Design
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8 total diagnostic test cases: 20 total tutoring cases: 8 total diagnostic test cases: 8 total diagnostic test cases:
4 witored patterns: 8 instances of 4 tested tutor pattems 4 tutored pattems: 4 wiored pattems:
A1B1C1D1, A2,A3,82,83,C2,C3, 02,03 A1B81.C1.D1, AMB4CAD
4 untutored patterns: 12 instances of 9 untested tutor patterns 4 untutored pattems: 4 tutored cases:
N1.01P1.Q1 E1,E2 F1,F2,G1, G2, H1, 11, J1, K1, L1. M1 N1,01P1,Q1 A2,82.C2.02
Multiple Choice Test 1A Muitiple Cholce Test 1A Multiple Choice Test 1B
Nett | Pre-Test | e YO OV 20 canen WA | Post-Test | Survey
KS Interface Work through 20 cases with Retention
N=10 | Pro-Test | Training Knowledge Structured Interface | Post-Test | Survey I'“—) Test
User Acceptance
Computer K
Computer Experience

Figure 1. Study design.

Material
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(Table 2)
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Table 2 m Cases Used in Tutoring Sessions, Pretest, Post-test, and Retention Test

Pattern Appeared in Case Appeared in

Pattern Diagnosis or Differential Diagnosis All Tests Retention Test
C Lichen sclerosus et atrophicus X
D Blister above scar X
H Erythema multiforme, Mucha-Habermann disease
K Erythema multiforme, Mucha-Habermann disease X
A Bullous pemphigoid, herpes gestationis X
B Epidermolysis bullosa acquired, dermatitis herpetiformis, dermatitis X
herpetiformis-like drug eruption, linear IgA dermatosis
E Septic vasculitis X
F Dermatitis herpetiformis, dermatitis herpetiformis-like drug eruption, linear
IgA dermatosis
L Spider bite
M Epidermolysis bullosa acquired, bullous pemphigoid, herpes g
G Porphyria cutanea tarda, variegate porphyria, erythropoietic protoporphyria, X
hepatoerythropoietic protoporphyria
] Epidermolysis bullosa dermolytic, Epidermolysis bullosa junctional, X
epidermolysis bullosa acquired, Bart’s syndrome
D Blister above scar X
E Septic vasculitis
B Epidermolysis bullosa acquired, dermatitis herpetiformis, dermatitis X
herpetiformis-like drug eruption, linear IgA dermatosis
F Dermatitis herpetiformis, dermatitis herpetiformis-like drug eruption, linear
IgA dermatosis
A Bullous pemphigoid, herpes g X
C Lichen sclerosus et atrophicus X
G Porphyria cutanea tarda, variegate porphyria, erythropoietic protoporphyria,

hepatoerythropoietic protoporphyria
Dermatitis herpetiformis, dermatitis herpetiformis-like drug eruption, linear
IgA dermatosis
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System
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Interfaces

> 20D HA L H—T 2 — A% L. (Figure 2)
Students may draw refute and Evidence in current case shown and linked
support links between evidence and in green. But other evidence in algorithm
hypotheses to build their argument displayed in white and linked in gray.
Students enter Students enter
hypotheses which hypotheses whi
appear as separate appear as terminal

node; hypotheses that

do ol fit the evidence which they apply;

will eventually need to Stdents enter features and qualities Students enter features and qualities as hypotheses which are
be excluded by as evidence: only evidence in this evidence; other potential paths in the Inot on the current path
student case will appear on palette algorithm revealed once level complete of evidence can be

- e
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X Visualization of problem space limited to : Visualization of entire problem space;
A. Case-focused actions in the curent case; new partial B. Knowledge focused single unified representation across all
representation built by student for each cases exposed at the conclusion of
case each case

Figure 2. External representations used in (A) case-focused and (B) knowledge-focused interfaces.

>

HPIERA v — T = — AL, LR ERE L CERZE S MEE R,

> —OOHFEFUCHIE R S T2, S HER O BIR & R

FHNCHFELTVDE S LIIRAM L TO DS A2 FAENHE S B2 L&, M

AW E L TERRIND.

% flz1%, Figure 2A OA ' #—7 = —ALEOBEEIZ TKERH D] &9 K
EHEELIZEEIL, AV F—T 2—AAMOEOVHETEREND.

A, FEEOR > 7 AR, FHEOEFTREEZ TR T 5.

< Figure 2A OO N O%D PU 585y

HEW (ol BERINIZEEX, ZRUE2RBY DR — RE L TR RSN



2015/11/16
S S ST

5.

< Figure 2A OF W UA

T, R EHERORRE, SR - AFFO Y 7 TRILTE 5.

WA CTER L X, HEHIERZE =Y TICBE IR0 b LiLey. (DSG OREE L 7
HEDEFNRETHD)

< Figure 2A OA T4y
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HERIAHAE DRI & A 9 & Z1L, #HERIFBED SR ORI LN TR R END.
MR OO Y T, BIKOBZWY Y —IZZ2 WO 7o HITEITNLD.

® Participants
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21 4 DIRERFRDF/E.
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® Participant Survey

>
>

ZMEL, HIHOKDVIZ3HS>DOT v r— b&%iTT

1 2HIE, 25 OFIRIZONT 4 BRETHEE.

< FCablZ, use of the tutoring system, including enjoyment, future-use, ease of
use, specific system features, comparison to alternative methods of

learning, self-assessment of learning, trust in content [ZB#E 35 4 D
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® Learning Assessments
> TLTALN, RAMTALN, REFETAMIarEa—Z ET{TbRk.
> EINENOTANMNI2O0OEZ v alEEHATND.
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Case Diagnosis Test
SINEIL 8 DDORMDEAEAR T A M AEFEL < AT,
SINEITZE D L < 13852 (diagnosis or differential diagnosis) & 72HrHE
Mz AT %.
FHmIZ D D EBNILLT O 3 TR H 5.
A) Untutored Patterns
AP =T 2= Ao T ARREBIRTICR D Z LDl g —
B) Tutored Patterns
VESEBIRIFIC 72 2 & DB, /EEMRF ORI OHERF TR Z
EWBHDHINF—
C) Tutored Cases
VEEHRIPIC R 2 &3 2 41
7L ARARTHE, @O0FEFIA) + 4 SOHEFIB), REFT A T,
(4 >OHERF B+4 >OHE| C) Ao,
Multiple Choice Test
ZINE L 51 HH OBRIRNT 2 &7 o7z,
Fetda o 3 se), FrdafeEd 287, FEARE L CERELT HHE
71, HERNCARMLZ BAGR S H 2687, HEMIOE W Z R0 TR Z IEIRT 2 1e
N aFHIS 5 721 T b,
TEEMMICE ERWRE T ARG R O X TE A= L72T A b,
T RAMIFRCAREDT A b,
RFFT A MIBIONEDT A K.

® Scoring of Learning Assessments
» Multiple Choice Test |3 1Ef# « AN EfFE A B ELF 0O IR EE D[E1E 4 FEEITE .
» Case Diagnosis Test D& FHHNZHOWTIE, 22Hr & ZWrEEH 2 @RI A LTz,
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Metacognitive Measures

>  §XT? Case diagnosis test (Z351T D& FHHI DK, SIMEFIIHEN S D SEE D
5.
S BWIARIELWNE S NITONT
> ABBEDY vl — N REZHE

Tutoring Process Measures

> EEHIEN oA 2T v a T =2 R
S YURZ Y v T, Ama—@ R, ELWESE), =7—, b FEDK

> T—HXIEDFEFLAEGL L., (Medvedeva et al,2005)

> T2 E MR AT D, REARMMOLEOENEHHT L0 Ebh
7.

Analysis

> FHlORT g A, KAERIE S AT (repeated measures ANOVA)2ME
.

> ERRELZHEEMZ, TAN AUF—T 2 —RAEME, FL—=2 7L, O
M IR L oxt b a & e,

> NI A—fRINESOME L T — MEERICIE, tREEMf o7

> T RTOHHTIE SPSS TfTo /2.

Results

Task Metrics

> AEEMIRTICE T CEEARIT, SR TTHERET 0T
> 21 AT 18 NIFAEREBIRI T~ ToHFpFlZ2 A,

Learning Outcomes

> WS E Y, multiple choice test & case diagnosis test (22U TlX, tutored
pattern [Z7R A b7 A N CEALICKEI N, 2 LT, FHIA bR ST
(Table 3)
< Multiple choice test DA aTII7T LT A D 52.8% 02 HARA M T A ~D
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77.0%I#M L7-. (MANOVA, effect of test, F=78.0, p<0.0001)
Case diagnosis test DA a7 X7 LT A FD 11.7% N HHRA R T A MDD
50.2%IZ#9M L7-. (MANOVA, effect of test, F=64.0, p<0.0001)

Untutored pattern (ZOW TIIEN RN o 7.

FHY - e

1 A% OREFT 2 MCBIT A58 7 A IR S, RA T A ML
THHEERET R T-.
FEETCHEETIA L OBEERETIR N7z

Table 3 m Pretest, Post-test and Retention Test Scores

Pretest Post-test Retention Test
Case Diagnosis Case Diagnosis Case Diagnosis
Multiple Tutored Untutored Multiple Tutored Untutored Multiple Tutored Tutored
Condition Choice Patterns Patterns Choice Patterns Patterns Choice Patterns Cases
Combined 53 +13 12x9 128 77 =10 50 + 23 107 74 =13 48 =21 34 +17
CF 53 +13 12+8 12+9 76 =11 51+25 8+6 75+ 14 45 =22 28+19
KF 53 =13 13 + 10 12+7 79 =11 50 =21 13+7 74+ 14 51 =20 41 +13

MANOVA, repeated contrast, F=78.0, p<0.001; MANOVA, repeated contrast, F=3.52, p=0.08; MANOVA, repeated contrast, F=64.01,

p<0.001; MANOVA, repeated contrast, F=0.25, p<0.62; MANOVA, repeated contrast, F=0.89, p=0.36

® Metacognitive Measures
> WENS— T =< AOMBNE, BE OMESCRES) 2Rl T 5 72 0D
NERETS.

S AARTAN, RETA N THREICEOHBENRH 5.

< MAT, VT ARENBARARMT A RO, case diagnosis test DA 27 DX

b & e S OZL ORI IEOMENRH 572, (r=0.46, p=0.04)

> EUFSHTICE ST, F7 A b, HRAEOHNS LT 53—~ ZADOHE RO
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® Participants Survey
> T U — FORSRIIMEE R RGO A EICE o2, (t=2.66, p=0.02)

Z DOHTITERE S SEO AR R 2 LM LTz,

NS —RT =< ZADMHEEE, 7L HRANTHRICHE K L.
(p<0.05)
NS —RT =< ADMEEL, A IDOLRFFT A N THREICHE K L.
(p<0.01)

Z ORI IE RO R ST,

> R, DLFObOEESE SRS R Em» -7, (Figure 3)
< Future Use (p=0.001)
< Enjoyment (p=0.05)

> ELLDRMTY, T U — MEREFEBEROMICHBEIZR N R0 > T,
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Enjoyment (1)
Future Use™ (2) -

Ease of Use (2)

B Knowledge-Focused
o Case-Focused

Specific System Features (10)

—
Comparison to Alternatives (2) L

Self-Assessment of Learning (3) f

Trust in Content (1)
} : :
1 2 3 4

Not at all Somewhat  Moderate Strongly
Flgure 3. Survey results.

® Process Measures
> ONTIE, IELWEE), =7 —, BU MEDRICEREZYTTNS.
< 1~$~ﬂ8:ftyb%5*?5@#
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> IR T UV MNEM- T T %X D00
> WStEEbEe Y FOMHIZTED L TEE->TW5. (Figure 4)
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Figure 4 Hint and error rates over time by condition.

6. Discussion
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> ERSEFICZEIT D cognitive tutoring DJAEIPHIC K 2 EHIEIL Z 3D T

> 1THEMZEWTHFER T A 3D LT ICHER ST,
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® Limitations of Present Study
> YrTAY A X (N=21) AhEhoiz.
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