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Hot T H By gl
~ = & % 3z % (Efficiency of Learning)
= &% 2 (Willingness)
= @i A (Patience)
= %« & (Concentration)

b

sas
e

’ . : « % (Idleness)
—/-ﬁ U D = 72 {2 & (Comprehension)
HTML Document — #%5 i - Frx (Chat)
W ST G s 7 W BB R R L S s 8

s N\
(D??%ﬁ&ﬁ (2) e B A 5
4 % O W2 . - - B
=¥ “§ LR CE - Bh TR
IR T E R =2 SUN B . ,
[ ] *%K% LTg Bé’:Fﬁ/ FE":FN IA}*%I&%\ % % EE‘;_FN/W?I § FE‘;'F:'P
R GELELRER |
degree . e .
low average high If willingness is low degree _ i 1 s
1 Then insert INT(Tx0.5) corresponding . average o HORARIZE R
08 willingness frames. o If patience is fow
06 ’ Then record this status and
o If willingness is average 06 warn the student.
: Then insert INT(Tx0.25) corresponding| o4 ) )
02 willingness frames - If patience is average
) 02 Then keep the current status.
0 02 04 06 08 1 If willingness is high 0 . o
e Then keep the current status. 0 025 0s 075 I patience is high
- Then keep the current status.
S B S S S 9 i B R 0

(4) Frx i i A $

(3) & B A

s EA IR HHE RIS 3 £t

s 2B R TR R

. w SATiRgy B #BM““
T R i ¥
b 1 1 ok

e oAt ) s Hiofs #LIL 2 P

| ~high low no response If concentration is fow | high average Tow If chatis h/gh_
Then insert a corresponding Then record this status and warn

concentration frame. 08 the student.
06

If  concentration is high If chatis average
Then keep the current status. 04

Then keep the current status.

If concentration is average

Then keep the current status. 0 If ~chatis low

Then keep the current status

i R 5 AR S u Bl S B R 2

BrEERE HEiEHE AR =EH



e M2 ¢
, m BT A2 -
o400 ame ey gxe 3 B-J5-0 )
oo (o) o - ] oBE B - '@’ N
= Shwown - W ARRRRR B BRI & 24
* RS — = =Sy A P l:l/\\%
Interactive Tutoring
Knowledge || <MOWIedge || gy areqy || Knowledge Knowledge
PR Analysis P Base [ (Rule)
Elicitation Unit Negotiation G t
Ur‘|it r‘u Ur‘|it enerator Base
J’ Fuzzy Expert
Java-based communication unit«<—> Reasoning |[«}—> System
T Interface Shell
Computer Networks
Hwang*, G. J. (1998). A tutoring strategy supporting system for distance % %kﬂ ** Educators
learning on computer networks. /EEE Transactions on Education, 41(4),
343-351. (SCI)
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Kelly (1955) f2HiavAIER =N (FLA1TT

% » Repertory Grid ) 7 HH

= JtE (Elements) : GIA1EPEAGE - 2 [EHE -
BIREREREE - B ER (B AE RS o R
RCAGIRGE - TEAE RS

= BCHBM4H (Constructs) : FIzkis iz gt
PERER T 52 T 2

= A (Linking mechanism)
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» Interface for Interviewing users
|

= NEGOTIATOR:Please give a set of elements(concepts to be learned or decisions to be made).
= EDUCATOR: Li, K, Fr,F,Cl, I.

= NEGOTIATOR: Select a set of fuzzy values for fuzzy variable “boiling point”™:
1. LOW/MIDDLE/HIGH
2. SHORT/MIDDLE/TALL
3. LIGHT/NORMAL/HEAVY
4. SMALL/MIDDLE/BIG
0. Other (user-defined)
= EDUCATOR: 1

LR N ER 1 4 1 1 R FEEE R = NEGOTIATOR: Select a set of fuzzy values for fuzzy variable “atom radius”:
P st 1. LOW/MIDDLE/HIGH
Bl 2. SHORT/MIDDLE/TALL
75 FMER 1 4 1 2 FLAmDF 3. LIGHT/NORMAL/HEAVY
ER =Y -] 4. SMALL/MIDDLE/BIG
0. Other (user-defined)

AR b LAy D 5 5 5 f7adme ¥ = EDUCATOR: 0
HeEE - mE L #] = NEGOTIATOR: Indicate the lower bound of the fuzzy values.

= EDUCATOR: NARROW
LAFAER AR | ] 5 5 5 GREZ NN = NEGOTIATOR: Indicate the middle of the fuzzy values.
AL = EDUCATOR: NORMAL

= NEGOTIATOR: Indicates the upper bound of the fuzzy values.

= EDUCATOR: WIDE

Wi BT S R 19 ARz A e 0

= knowledge integration procedure

e
e 3o 3

: HﬁE&:ﬁ:ﬁhﬁx@gﬁ&fw

= Interface for editing repertory grid
and displaying inference rules

Bh Eit Yew Go Commmacstr Help
PV ARl 4l =
§ Bocknstks, Locaton: oy 7205 71125167
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iF iy T oty 13 MIEE O LESS HICH el
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= Knowledge base generator Experiment: Time needed for
(export to CLIPS rule format) knowledge elicitation and integration
(deffacts initial-state six topics of “Introduction to Computer Science”
(is boiling-point MORE-OR-LESS LOW)
(is atom-radius NARROW) Unit GroupA] Time | Com- [ GroupB | Time | Com-
(is metalloid MORE-OR-LESS STRONG) (Hours) | pleteness (Hours) | pleteness
(is negative-charge VERY WEAK)) Input devices E;, E; 3.8 1 Es, Eq 13.1 1
(defrule Rulel Output dewce_s Ei, E3 32 0.9 Es, E4 125 0.8
?x1 <- (is ?X1 MORE-OR-LESS LOW) Central Processing Ei, E4 35 0.8 Ez E3 45 0.8
?2x2 <- (is 2X2 NARROW) Unit
?x3 <- (is ?X3 MORE-OR-LESS STRONG) Operating systems E Es 3.6 1 Ei, Es 4.3 1
?x4 <- (is ?X4 VERY WEAK) Network Communica- | Ez, Es 4.2 1 Ei, E3 10.6 0.9
=> tion Tools
(retract ?x1 ?x2 ?x3 ?x4) Multimedia Systems | Es, Es 55 0.8 E;, E; 8.6 0.85
(assert (is Li -1-21-3))
(assert (CF 0.8)) Hwang*, G. J. (2002). On the development of a cooperative tutoring
(printout t "Li is -1-21-3 with CF=0.8" crlf)) environment on computer networks. /EEE Transactions on System, man
and Cybernetic Part C, 323), 272-278. (SCI)
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B R fiTERAS - Fuzzy Art and Dynamic
- .
% B iR R bl B Programming
i sy w44 & o d) BE i (1) Fuzzy Art: (2) Dynamic Programming:
u 4*\" ::E. ALY O EPRE S B Classify test items Find optimal test item
- BARP into groups composition
w BEHCE B Y RIERE R e
 E fﬁfiﬁﬁ»fﬁﬁﬂg” £ (blde T4ei ) : Ly ¢ "
ri‘}é“ P TR - ) S ., deT IR &/\s;gmgl ey LR
- R AR . : i —
» 050 ) e W
4 RS P g AT B G s s
. EE R B B 2 Hwang*, G. J. (2003). A test sheet ting algorithm for multipl
Mmﬁ*{zﬁ = F {E a::ggsment requirements.e S;EZEeﬁrag:;ftr/?u;S%; E%anr;ofgrg(us)l,pe
329-337. (SCI)
WS S i B R S R 2
Heuristic Algorithms Genetic Algorithms
= FTF (Feasible Time First) Algorithm = /& f *+John Holland #1975 # ) 42 e iF
= Find a solution to meet range of assessment time Adaptation in Nature and Artificial Systems
= Replace test items to find feasible solutions and to

A NP ER S ¥ 1
maximize average discrimination degree m i 5 A F]eiE # (selection) % 3 (crossover) 2 % %
= FNTF (Feasible Number of Test Item First) (Mutation) & % { 4 i — &
Algortinm = iE 4% (selection)if #2
= $% & i @ (fitness value)st
o f S EEE 0T

= Find a solution to meet the number of test items
= Replace test items to find feasible solutions and to
maximize average discrimination degree

Hwang*, G. J., Lin, Bertrand M.T. & Lin, T. L. (2006). An effective

= # 7 % F5~ local optimal
approach for test-sheet composition from large-scale item banks.
Computers & Education, 46(2), 122-139. (SSCI)
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(Dedicated Range of Assessment Time)

Crossover randomly selects one-cut-point and

exchanges the right parts of two parents to generate
| offspring.
X1 Xp X3 X4 Xgg X99 X100 - -
i [0010 ] 110 ] 0010 [ OI1
o[2[1]o] - [o]1]0] o
= DRATHfRIHZ © \ QI T ol 001 [ 110
Maximize Z = 2 di X / 2 x fEEERIERALL
. o . y FERHEEDACHOES
= DRATB&'%@E—‘—' 1B JERES IR
srx >h,j=12,...,m; HEHSR,
R o < £

StX 21, smemsgesne w8
StX <U; fEEmsEey LR

Mutation alters one or more genes with a
probability equal to the mutation rate.

[00IOTT]110] — [0OIO]OT1IO0]

. RN A T
X=00r1,i=1,2 . 0 XREFHETEEE HRHREREET

[N (0L s e i) 29
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Item N Loading time ) A\{er_age_

Bank (second) Discrimination
1 25 5.067 0.63267
2 30 5.308 0.65331
3 40 5.217 0.66602
4 250 8.522 0.60985
5 500 8.703 0.60920
6 1000 13.599 0.61208
7 2000 28.361 0.61339
8 4000 60.887 0.61534

WS S 3

CLFG% 5% % % 2 A 45 (1/3)

1=30

N CLFG Random Selection Optimum Solution
Time(sec) | Discrimination | Time(sec) | Discrimination | Time(min) | Discrimination
25 0.13275 0.754664 0.03 0.63704 5 0.754664
30 0.14265 0.818120 0.03 0.69388 187 0.818120
40 0.27880 0.880276 0.03 0.64978 163840 0.881440
250 | 0.96815 0.943386 0.03 0.54248 >108 N/A
500 1.98875 0.952377 0.03 0.60500 N/A N/A
1000 | 3.75490 0.957359 0.03 0.69753 N/A N/A
2000 | 7.96650 0.956658 0.03 0.54342 N/A N/A
4000 | 23.89610 0.957550 0.03 0.48540 N/A N/A

SRS e Ol i A 32

CLFGE b £ & e o Hchh B %
1=30

10000000
100000 a

g 1000 1 OLFG

lé 10 —=— Optimum

0.001

Number of cadidate test items
Hwang*, G. J,, Lin, Bertrand M. T, Tseng, H. H., & Lin, T. L. (2005). On the
development of a computer-assisted testing system with genetic test sheet-
generating approach. /EEE Transactions on Systems, Man, and Cybernetics.
Part C, 35(4), 590-594. (SCI)
il el e

Hou AR LR &%

Hwang*, G.J,, Yin, P. Y., & Yeh, S. H. (2006). A tabu search approach to generating test sheets
for multiple assessment criteria. IEEE Transactions on Education, 49(1), 88-97. (SCI)

Yin, P.-Y., Chang, K.-C., Hwang*, G.-J., Hwang, G.-H., & Chan, Y. (2006). A Particle Swarm
Optimization Approach to Composing Serial Test Sheets for Multiple Assessment Criteria.
Educational Technology & Society, 9 (3), 3-15. (SSCI)

Hwang*, G. J,, Chu, H. C., Yin, P. Y., & Lin J. Y. (2008). An innovative parallel test-sheet
composition approach to meet multiple assessment criteria for national tests. Computers &
Education, 51(3), 1058-1072. (SSCI)

Tseng, S. S., Su, J. M., Hwang*, G. J., Hwang, G. H., Tsai, C. C., & Tsai, C. J. (2008). An Object-
Oriented Course Framework for Developing Adaptive Learning Systems. Educational Technology
& Society, 11(2), 171-191. (SSCI)

Hwang*, G. J., Yin, P. Y., Hwang, C. W., & Tsai, C. C. (2008). An enhanced genetic approach to
composing cooperative learning groups for multiple grouping criteria. Educational Technology &
Society, 11(1), 148-167. (SSCI)
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Addition of
integers

Subtraction
of integers

Negative
integers

Multiplication
of integers

Division of
integers

[N (0L s e i) 35

Conceptual effect table (CET)
SRR AR

Ci
Prerequisite [ C; C, C, C, C, Cs C, [
Zero [Positive| Addition| Subtrac | Multipli-c [Negative | Division |Prime
integers -tion ation | integers numbers
C| O 0 0 1 0 0 0 0
C;| O 0 1 0 0 0 0 0
[ 0 0 1 1 0 0 0
Cs) O 0 0 0 0 0 0 0
C [ o o 0 0 0 0 0 0
Cs| O 0 0 0 0 1 1 0
C;| O 0 0 0 0 0 0 1
Cs| O 0 0 0 0 0 0 0
NPj| 0 0 1 2 1 1 2 1
eg.C3—>Cs
Wi T 55 U S 36
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Test item relationship table (TIRT) ;‘g;‘éﬁaﬂg‘svﬁvg sheet table (AST)
" N
RSB R TR
Prerequisite Concept C;j
C, [C [ ci[ci[cs]c.]c, ] cs estitem | Q1 | Q2 | Qs | Q4| Qs | Qs | Q7 | Qs | Qo | Quo
Q1 1 [o02] o 0 0 0 0 0 Student
Q; 0 [o8o04] 0 0 0 0 0 Sy 0o fo[1JoJoJ1]1]o]o]o
Qs 0 0 [06]02] 0 0 0 0 S, o [1[1JoJoJ1]1]olo]o
Testittem| Q, | 0 | 0 [ 0 | 1 [ 0o [ o [ 0o [ o Ss 0o foJof[1Jol1]la1]lolo]o
Qs 0 0 0 0 0 0 0 0 S, 0 [1[1]1JoJo]1]o]o]o
Q |02 0 0 0 {0802 0 0 Ss 0o Jo[1JoJoJoJ1]l1]o]o
Qi Q, | 0 0 0 0 0 1 0 0
Qs 0 0 0 0 0 0 [ 06|04
Q [ 0 [ oo |ofo2|]o [o]oO O: The student has correctly answered the test item
Q1o 0 0 0 0 0.2 0 0.4 1
1: The student failed to correctly answer the test item
O: Notrelevant  1: Very strongly relevant
Wi TS R S 37 Bl ST S 38
JS4e =
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0.16 0.6 0.66 P - (L T AR A e
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eyiEseE o3t | 2B 7 MRS T R E=0.44) -
e opf) ¥ . B om WA LRSS T AR T AR5 -
ExOiE 03> % 0.16 0.6 1 B e B l'r%ﬂ.ﬂ! TR READ -
— = - Edre Il L] R
A "1—%“ ERPEL 2 @ -------- > w P i e& T AT EE=0.36) -
" EETa ] O T BBECT BRAZE=0.50) -
B Fead X F L 2 Vil FRESLRE S TR T BIE0TS) -
ﬂi&,13096’|z b ﬂ::> 0.16 9.16 9 0 e LR WﬁH& R TR T HREE=0.00) -
= F (& i BCERT T BRECT HSRALEE=0.50) -
: s [ @ c ¢ 1 Ll ﬁmte&a THRES T HEE=0.80) «
BB v R A RS el 4 R TR A = 5
363 ﬁ'é*L’\_ : 0 0.16 0 0 M:;ﬁgﬂﬁ&l R AR A T O T R VAOE BN
PATH1 : 03906 C \Cﬁ/ Cl SRS PSRRI EEVAE ST e
47
PATH2 : C;>C, . o BRI ST - SR RS - SRR
7 A 1 BB R T T R i
@ ’@ Hwang*, G. J. (2003). A concept map model for developing
intelligent tutoring systems. Computers & Education, 40(3), 217-
235. (SSCI)
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(Support=0.1 & Belief=0.7 # % #) (Support=0.1 & Belief=0.7 #% #)
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Hwang*, G. J., Tsai, P. S., Tsai, C. C., & Tseng, J. C. R. (2008). A Novel Approach
for Assisting Teachers in Analyzing Student Web-Searching Behaviors.
Computers & Education, 51(2), 926-938. (SSCI)
Tseng, Judy C.R., Hwang*, G. J., Tsai, P. S., & Tsai, C. C. (2009). Meta-analyzer: a
web-based learning environment for analyzing student information searching
behaviors. International Journal of Innovative Computing, Information and mmm IE 50 LUk » RRAFAERE, 1024x768 » 256fpL b
Control, 5(3), 567-579. (SCI journal, SSCI) N s e S AT R
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i Meta-Analyzer f5f& (1/3)

= Factor 1 : relevant information-selecting ability

(?Iﬁ RHEETEIBRE D)

Total time for web page selection(E{£4d & it FH AIHF EISERT)

Number of different browsed and non-adopted pages(E.%I%E (H

KRR PR EHE)

Total time for browsing the different non-adopted pages(ZIEs

TR FH 2 4 E P P B T4 AT)

Number of browsed and non-adopted pages with revisits taken

into account(RAER A AT IR RN EE—IEIE)

» Number of marked but not adopted pages({&3t y Z 45 H FH7
ZHEEHBHE)

= Number of revisions made on the answer (%2 EEE BT RE)
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* Meta-Analyzer 512 (2/3)

= Factor 2: answer ability ([EZ&8E1)

= Number of different adopted pages(#7£;H > 48 EH #)

= Total time for browsing the different adopted pages
for the first time (5% FI4E H Y & ZCRI BT R4 AT)

= Number of times for revisiting the adopted pages(#7¥

FRAEE AP RREE R R a5 —IORE)

= Total time for revisiting the adopted pages(#% £ A48

HEFICRIBT AT AR - A S5 —JCREEAYR )

= Number of marked and adopted pages(fZ:t BE%:

FHZHEERD
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& Meta-Analyzer 51 (3/3)

= Factor 3 : keyword-adopting ability
(BE I BRSETRESD)
= Maximum number of keywords used in a

search operation(j7> B 238 = (s F Ay 5 5%
H PR A (I H0)

= Number of search attempts for answering the

question (=] EEVH AT ] 2 = 0E))
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Tseng, Judy C.R., & Hwang*, G. J. (2007). Development of an automatic

customer service system on the internet. Electronic Commerce Research and
Applications, 6(1), 19-28. (SSCI)

(=) Hwang*, G. J., Yin, P. Y., Wang, T. T, Tseng, J. C. R., & Hwang, G. H. (2008). An
i Enhanced Genetic Approach to Optimizing Auto-Reply Accuracy of an E-
e sezanmem Learning System. Computers & Education, 51(1), 337-353. (SSCI)
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Hwang*, G.J., Huang, T. C. K., & Tseng, J. C. R. (2004). A group-
decision approach for evaluating educational web sites. Computers &
Education, 42(1), 65-86. (SSCI)

ST - REE - BRI - T - YBCE - |WEE (2007) “GE
BEE T RS I EHE " | Chinese Journal of Science
Education (F}222(&ET]), 15(3), 317-334. (TSSCI)

SER ~ REE - THER (2007) - DIBEEOERERZGE
PETRTE LG - BRRZR © B 53(1) » 1-24 - (TSSCI)
RAF#E > R ~ FNE - FHEIE* ~ 15952 (in press) - 4 BRYEE
SR R T ST, - BT REHER - (TSSCI)
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Ubiquitous Computing (u-computing)
chnologies

= {19884 EFMark Weiser » &4t Hu-
computingfViE &

o NERUBERS R R AT S B R - AT
NI T B > BT RENIFRAFTR T Ry B T 5
K > EHIE -

w N Fy T BT, (Calm Technology) -
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Context Aware
omputing

= minimal set of necessary
context:

= Who : User and other people in the
environment.

= When : User activity relative changes in time.
= Where : The physical location of the user.

= What : Interpretations of user activity.

= Why : Understanding the activity of the user.

B B e B 0

How u-computing technologies
benefit learning activities?

= A u-computing environment is able to sense
personal behaviors in the real world

= It is able to provide more information to support adaptive
learning

= It is able to guide the learner in the real world

= It is able to judge the learner’s behaviors in the real
world is correct

= It is able to more actively provide necessary information
to the learner

[N (0L s e i) n

Ubiquitous Learning
(anywhere and anytime learning)

Mobile Learning
(Learning with mobile devices and
wireless communications)

U-Computing in Learning

TR R AT R Y
Context-Aware U-Learning
(Learning with mobile devices,

wireless communications
and sensor technologies)

Hwang*, G. J., Tsai, C. C., & Yang, S. J. H. (2008). Criteria, Strategies and Research Issues of
Context-Aware Ubiquitous Learning. Educational Technology & Society, 11(2), 81-91. (SSCI)
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Context-Aware U-Learning

Instructional system

Advice
- ‘and hints
1
1
1

Mobile learning
environment with
wireless networks

Digital archive
with metadata

b"

Butterfly Gard en"-,
and Museum  §

i SR R LS
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Examples of Context-Aware U-

* Learning

Ogata & B IAPELASTITANGOFHE £:4% »
Yano(2004) DA iERE = 2 E 1 U-Learning 8%
Rogers et al.(2005)| & U-Learning#4 4z A (indoor)
Fe= 4 outdoor) AR E I E Z2HY
B

Hwang et al.(2006)| 2 U-Learningflf &5 E W E —F&
HEXOCRIIZE A S HR L4
Joiner et al.(2006) | AEHEF ff (SoundScape
Technology) s a HEHRBE R

SRS e Ol i A I

Learning Activities in a Butterfly

!’ Museum

Chu, H. C., Hwang*, G. J., Huang, S. X., & Wu, T. T. (2008). A-Knowledge

Engineering Approach to Developing E-Libraries for Mobile Learning.
Electronic Library, 26(3), 303-317. (SSCI)
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Learning Activities in a Butterfly
Ecology Garden
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Peng, H.Y., Chuang, P. Y., Hwang*, G. J., Chu, H. C,, Wu T. T., & Huang, S. X. (2009). Ublqultous
performance-support system as Mindtool: a case study of instructional decision making and
learning assistant. Educational Technology & Society, 12 (1), 107-120. (SSCI)

Chen, C. H., Hwang, G. J,, Yang, T. C., Chen, S. H., & Huang, S. Y. (2009). Analysis of a
ubiquitous performance support system for teachers. /nnovations in Education and Teaching
International, 46(4), 1-13. (SSCI)
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U-learning system for Single-
Crystal X-ray Diffraction

Hwang, G. J., Yang, T. C., Tsai, C. C., & Yang, Stephen J. H. (2009). A context-aware

ubiquitous learning environment for conducting complex experimental procedures. Computers

& Faucation. 53, 40283y semsiresmmms s,
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Knowledge engineering approach
as Mlndtools for u-learning
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Chu, H.C., Hwang, G. J., & Tsai, C.C. (2010). A Knowledge Engineering Approach to
Developing Mindtools for Context-Aware Ubiquitous Learning. Computers & Education, 54(1),

289-297. (S5CN) B R  E A 8
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PART C —#rRszHY B FH SRl &

Optimization for U-learni th Z
‘L ptimization for U-learning paths *%;@;E@ﬁﬁﬂﬁ

Li Ming Building
n ATREHEE N F KR E

n ATPEREE N RERIER

s ATALEE N R B ETRE Rk

n AT N S F Y B R ES

= 7 Fﬁé‘f%’)kf%é\?%??s“i&éﬁifhﬁéfgﬂ

Elee]iEen]

Fu Xiao Building

Hwang, G. J., Kuo, F. R, Yin, P. Y., & Chuang, K. H. (2010). A heuristic algorithm for planning
personalized learning paths for context-aware ubiquitous learning. Computers & Education,

54, 404-415. (SSCI)
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