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Nowadays, the Ubiquitous learning, a.k.a U-Learning, has become a novel and advanced
learning mode and research domain. The context aware capability of U-Learning can use the
mobile device with sensors to acquire the status of learners for offering suitable assistance,
guidance, and service. However, how to provide learners with the ubiquitous and context aware
learning and service, and how to efficiently make good use of this u-based environment to teach
and learn are our concerns. Therefore, this project, Investigations and Applications of
u-learning Resource Management, Data Access and Assessment Strategies, consists of three
subtasks. In second year, the executable results are described as follows: Subproject 1,
“Development and applications of an intelligent tesing and assessment system in u-learning
environment”, designs and builds a Knowledge Acquisition System of U-Testing and
Assessment to assist teachers in designing the suitable assessment strategies in the context-aware
u-learning environment. Moreover, in order to evaluate the correctness of system’s decision,
Subproject 1 adopts the unit, plants in school, of natural subject of elementary school to perform
the real u-learning activity and then do the questionnaire investigation to collect the feedbacks of
students to be the reference of system refinement. Subproject 2, “Research and applications of a
framework of learning resource management system in u-learning environment”, proposes
the RPG-like Interactive Learning Content Model, which facilitates the construction of
RPG-like interactive content in u-learning, lIterative, Collaborative Ontology Construction
scheme (ICOC), which efficiently integrates users’ contributions and opinions to construct a
domain ontology with consensus by means of iteration, collaboration, question, and convergence,
and Ontology based Topic Analyzer for Learning Forum, which can apply the ontology ICOC
constructed to assist teachers in hot topics analyzing for the domain of programming learning
forum in U-learning service. Subproject 3, “Research and applications of ubiquitous content
access and representation in u-learning environments”, develops a novel method supporting
intelligent content adaptation to better suit handheld devices. The underpinning is a unit of
information (UOI)-based content adaptation method, which automatically detects semantic
relationships among the components of Web contents and then reorganizes page layout to fit
handheld devices based on identified UOIs. In addition, during the progress of project, we have
published 21 journal papers and 29 conference papers.

Keywords: Ubiquitous Learning, Learning Resources Management, Ontology, Test and
Assessment, Content Adaptation.
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421 23 FIFHNEY 753 (RPG-like Interactive Learning Content Model)

$itEehs # N 2Y A % #3 (OBIJECT ORIENTED INTERACTIVE CONTENT
MODEL, OOICM)

‘JMV\?IFH‘_ —‘; y hofe B - f - ?s? ;_@4 ﬁipa;ﬂﬁ;RpGA}gfﬁgﬂ A ?'ﬁlﬂlli RS
P seehT BB Y 0 F o U E ER R T AP RF R
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% o O0ICM©® » 47 2 o 2 2 4L i’ﬁf“f Boop Eehp REFFIBE LE A2
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+_Story

® &% £ 4| %42 (Story Control Flow, SCF):
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HLipdlinfekmp p e gY JIE.f FERFOL AT E AR T B ASCRhZE 446 o

The List of Scene Ob) ct:
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Give 3 theses
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J L p N

Tl'lde{.]olm Bill, theses_3) Useltem(John, Roy, theses_3j—. c4 Talk to th S
Talk to Mary (A T
._’D a] Q ] ~[returnKey ] WL anager 7
! . @/
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Conversation(John, Mary) lak to the / Conversation{John, Roy)

“ manager ;"

Useltem(John, Roy, key)

W110: SCFea & /427 1 4° &

® Ed+(Activity):
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® 3§ 3~ % (Scene Object, SO):
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7 e SOerfr 4 ¥ 4 > 2\ P 3% 41Scene Object Ontology % % » & 3 #-K & B 7% 0S80 o
SO#: T 4 & # fiz 4 i (Dynamic Object) » 4+ 5 — #F # 2 » bldododr > 112 Fiid 2 > 2 5
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Q & BRSO I 4F 2 e 4o “Non Player Character” % “Dynamic Object” s-— #& - #112 Dynamic

Object/g

144 “Non Player Character” #1 %k o
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TR AR AT e B
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® Petri Net for SCF (SCFPN):

Petri Nets#t ¢ * kL3124 i SCRIE 4 - Aot > SCRREHET £ A& — 4 chid ik & 47
(Rule) » Tt » & ks 7P > %ﬁ Ll R R Pl R s B A SCF,%%“:} Petri Nets#
fo it T EACT & AT o

% 1: The corresponding Petri Net for SCF nodes.

SCF Node SCF Node
Petri Net Notation Petri Net Notation

Type Type

T SN
Start { Ps Virtual l\?f,)

%

P . &l/

End .@ Normal

% 2: The corresponding Petri Net for SCF connectors.

SCFE Connector - _ . SCF Connector e _ A
Petri Net Notation Petri Net Notation
Type Type
o
~ — Pr)
P N
Lin Ab'D—bKPP\/\J‘PD—P And : /\>D_>
—- Pp ]
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— —
. . Sy 7
C H Or : |
on e —-—D<\ T : \BP/ |:|—p
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(PoY D
NS \

OOICM#, {7 &JZ(The OOICM Running Process)
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®]11: The running process of Petri Net

RPG-like Learning Content
CJ) )
()
(50) John is a Player Character {50) Mary is a Non Player Character
Slot name | Type Value Slot name Type Value
MName String “John” Mame String | "Mary
Location Point (2001004 Appearance | Siring | “MaryHappy.png”
Caollision Scene Object || Mary p
) _
) ®
Jn,_ @
If added,
Set this to CSwithMary.Actor
Trigger CSwithMary.PreCondition
(Activity) CsAT is a Conversation
5lot Name Type valus
- - Procedure()
Actor Diynamic Jehn )
Ohbject _I \EJ 1 L)
PreCondition rule f Actor.Collision.Mame == Mary )
then trigger InActivity \‘3-' dialog.show(};
LifeCycle Sitrimg “Default®
InActivity Procedure Conversation procadure {4 | {EI5E
Result Sitrimg “Result1”
_______"/?l k@/l }___
Postiction Ruls f Result == Resultl, .
set Mary.appearencs = 'Ma@‘fappy png -\ }
GeoalTest Rulz f Resuli == Resultl. setcst = true — =
ﬁ If added trigger
PostAction and GoalTest

®12: The OOICM running process

422F B & v\ AR % #-2& 1 18 4| (Interactive, Collaborative Ontology Construction
Scheme)

Bof AR BE A RFT M E R F Iy I
YFROEIL > Ra > SHEFIBOEY N F vk’f;)ﬁz ERE
IR B S i ﬁﬂépfvﬂ\& # (Domain Ontology) 2% F » et &34 9 > &40 A48
FlpouEfE ALY R F R AT ﬂkiﬂ-ﬁﬁa #1841 (Iterative, Collaborative Ontology
Construction scheme, ICOC) » # it & B3 & 4 Ao d A M > B 3975 b (hak f &
A4 LA LA ATacs b o F - =taplteration ¢ o J1* Wiki et s kg R
BT Lo e T A TN L g ﬁ“rﬁ T2 &M IE HEAR B ehaoi s 1 TR M4a2 4 Ontology
ﬁ%@%”“ﬁﬁﬁﬁomﬂ~wﬂmip1km@%ﬁagpm LT RER T b A2E
2R * Delphi th= 2 kg ? FafA B M 2> & Atk id2? » 24BN pBF LA
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4 ﬁgﬁi' IR k’ﬁjontologyiii—kf?ﬁeg ) ¥ E ﬁv;’@ Fﬂ’ﬁ » kﬁi%ﬁf@;‘éﬁﬂUser, IV
EA L gl KA d# g Ontology - T Bl % ICOC #4157 LB -

Online Collaborative Template-based ,Convergence Evaluation
Ontology -  Questionnaire Questionnaire | Questionnaire I Convergence
Construction Generation Filling Evaluation

Fy
Ontology
Ver. k m
@il ' e .
Ontology

B 13: The process of ICOC Scheme

% Online Collaborative Ontology Construction fdZ i fx > & * H ¥ 45 & = 15 .2 % 4p
B B (Relation)sk ® 2 #£.4£ (Concept) » ¥ % & % F ¥ 1141 % Ontology Editor 1%‘7:}%\;& N
AB 2 PR A PR B L Tk TE/I;J:;] R R oo AR Y - FEE EIT 2 15 Template-based
Questionnaire Generation &J2 F¢ £ 1] p #5443 75 22 Ontology & i ip|d 5 FR & 4 e
LB B R W T Fl o AR - BEF L FRMAEM REE R R
WP A4 o B s > Convergence Evaluation 2 Ff B #-:8 * Delphi 24 & &2 27 | aTAp (i
RePRE B T o Bl > G SR ¥ ARSI A 0 ATEh A i & R e PR L &
Mok pdat R L P E > gL E g2 o a§ hm%lm?“ FAREIFERZIBR B2
p¥ > convergence evaluation sub-process #-#L 4 (70 2 47 R £ % % 0 % A 4 TR A oD
Ontology o @ st 4] dT Rk £ B3 417 > 2 P97 5 b %9 A fd s ok o

it ICOC 417 » - @Ak * kR H & & * Fhp £ 5d 2 ARG AR D 0
BERAA 2 P o de™ 297 0 £ 5 4 AR 3R 0 T (1) Likert five-point scales, (2)
True/False, (3) Multiple concepts selection, and (4) Multiple relations selection.

# 3: Questionnaire item templates

Item Type Questionnaire Item Templates

Ti: Likert Do you agree or disagree with this relationship? Concept (C;) Relation (ry)
five-point  Concept (C))

scales
(1)Strongly Agree (2)Agree (3)Not Agree and Not Disagree (4)Disagree
(5)Strongly Disagree
T2 Do you agree or disagree with this relationship? Concept (C;) Relation (rm)
True/False  Concept (C))
(1)Agree (2)Disagree
Lﬁ;lti le What is your opinion about which following Concept (Cx) is the most
conceFr))ts suitable for Concept (Cx/C;) Relation (rm) Concept (C;/Cy) ?

selection  (1)Concept; (2)Concept; (3)...(n) Concept, (n+1) Not Above All (, where

25



n=>5)

Ty: What is your opinion about which following Relation (ry,) that is the most
Multiple  suitable to describe the relationship between Concept (C;) and Concept
relation Cp?

selection . . .
(1)Relation; (2)Relation; (3)...(n) Relation, (n+1) Not Above All (, where

n=>5)

@ B P w Ontology & & # - i T IZ(Axiom) 3 “Ac > 2 2 H & Ontology #7 B ik 4
mmmméﬂvcmﬁﬁMTSﬁMPILLW—ﬁﬁﬁﬁﬁmﬁ.
(1) The Axiom Agreement (AA) : % -+ if the concepts and relations of A; and A; are the same.
(2) The Convergence State (CS) : % -+ if the A has converged or not.
(3) The Conflict Resolution (CR) : % 7+ if concepts or relations of A; and A; have conflicts.

B Ay F3fEiEE T A2 P A - B X ¥e Jfa#g.\omologygﬁg o P AR AR
@&méio

% 4: The Questionnaire Item Selection Rule Table

AA CS CR Questionnaire

Item Type
True False Ty
False True T
False False Relation T4
False False Concept T3
Axiom A doesn’t exist T

-

Flpt oo A 4 R E 2 {8 > fconvergence evaluation R R VALY K& K H B @ %
FHEBATAEZ R E > - Ontology # eh Axiom £F F R AR FE - Az e B
AATEL e Axiom KAk 2T A A4 B & R @A # e Ontology ik A& o

423 A3 *HE 2 F YV HA LA 47 F(Ontology based Topic Analyzer for Learning
Forum)

RO AN AEYREY Y FEAHEYNETELADLA Y T EY B
FooOMBEEREFLREE T EELEY PR REE 2 Ry o0 Flet 0 AR R
P AREIE 1A T4 19 B (Ontology-based Topic Analyzer, OTA) % & 45 B w0 fimE @

P RAL o 40T AT 0 B ééﬁ%%%iﬁb’ﬂﬂﬁﬁmﬁm%%%ﬁﬁﬂwﬁ
Hoom WA B IL2 (50 BEDP RHRHE LB AHRAEEARS > MR LR

"4‘..
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’ N\
1 Ontology-based l
| Adaptive :
fm————— - : Clustering phase |
|
I ' : T
| Keyword 1 :Domam Keyword Keyword| | ]f-_luhtcn_nal_ |
| Segmentation | Omolpg\- Vector P, ;’Erpﬁzﬁhﬁﬁiﬁi i Clustered topics.
v [ " 1 Associate with
: .. <K evword Clustering : ocuwments and tim
i Decision Vector Bas sub-process for |
Forum [ tab'&-b:;'l‘ied Purpose " How' |
Document o " Clustering I
Keyword ser| || classification Kevwordly) b process for !
I rector Ba™ Purpose " Compare™ - :
| phase s T iypon ! Topic Viewer
| Lo Clusterning 1
| I --'.Ke:y\.\-ord - sub-process for |
I | Wector Py= Purpose "Debpg" |
| Decision o :
- . UslErime
: Table \E\::: :_:Tr_l_ - suh-process for :
| : Purpose " Sharing™ |
I 1
\ /

B 14: The Ontology-based Forum Topic Analysis

& OTA ¥ MAEF AR RV R DT o 30 RIZHHCE R
%(Feature Selection Issue) » 2+ 21 & 12 B & % Decision-tree-clustering algorithm: 2

2_ Decision Tree based Classification Phase #- L * k¥~ 2% & = 7 o 0 TP >
a* FHF - AP e 25 4% 0 ontology-based adaptive clustering phase % ig - # #-< &

5 RoAR IR FER 4o iR ‘\_;fr"' 7 i B (Cluster) 522 o B 18 #78 E 2. 3 48 4R B (Topic
Viewer):lés-? R AT A T2 L2 A B RS ST RN B OTA dZ iy
FLA& T 3 58 o

aAFl

il

EoF e A ﬁﬂ(Forum Document Purposes)

HBEZ > 3%HE? (B HmR)F 3F 52 Fene £ 0 o Tt > AP35 8 T4
% pJ2 2 it enp rmfé ¥ % “What” “How” “Comparison”, “Debug”, and “Sharing” - 4-™ £ #
70 blder “What"f@sg ch? § B O a3 HmPF TMA R R DT R E L & 0 b4 “what is the
window API?”

4 5: Forum Document Purposes

Purpose Description Example

What Describe the definition of concept,  “What is STL ?“, “What is the window
usually used in Library API?”

How Describe how to use some “How to use STL Map”, *“How to use
programming components or how to JPEG Library?”
implement some function.

Comparison Describe the relation between two The different between string and char* ?
concepts, ex. Platform and Library

Debug Ask how to eliminate the bugs of How to eliminate the bug: “<Code>" +
source codes for specific error. error description

Sharing Share the concept or experience. It ~ “The state of the art of OOP...”

usually contains longer descriptions.
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PR AP 0 Jd PRDZHETI R FLRRA S P 2 - bl

EOE: A iwwwtimhbpanwmuwnwi

4738 M4t F 48 ¥ H£(Domain Keyword Ontology)

BRI TP E o AR B M AET A28 5 (Domain Keyword Ontology)i * % ¢
WA BT TF L L RS MARF R - o+ Domain Keyword Ontology # C++ programming
AR P dofe T RSO 0 2 3F FE W 0 Bl4e: “platform”, “algorithm”, “function”, “Object
Oriented”, “GUI" % % - A i E S B2 MeEFT E & > * KPP A o bldoif® A
“Interface” 7 “interface”, “API1”, & 2 BidEF o .

O Concept
i] Keyword set

—Punt ofi—»  Part of
— A kind of= A kind of
—instance-of—e INstance-of

Aekind of &7 kind of

"L k]nd anf

Lnt.tan..n:—(-t imstance-of instance—o) | instance-oft

le":_ DS I | '.'lllu:-_l | | Tnterfacs I

Linix L300 RS e | e AL FIRET] |

®] 15: The Domain Keyword Ontology in C++ programming domain

o o

¥ < 4 57 (Forum Document Representation)

R R 0 F IAEHSE . Tititlerr F 4 %E; body: ~ &P % ~ £ reply: 2 5 i@
# _ﬁh‘-r"b Rz vF o gt Hadaigsr i ma g o - Q‘gﬁ#%,ﬁ_g Wi -
e HO Y A R o ¢t #h > gt Domain keyword ontology AF KT L A GEE R 2
o deT BHTE 0 ARE R T 9 4% Ontology T A REEM v 2 B ¥ 0 ARE
B3 7 W] LG 03 11 (T 5 ontology view o r1 PR L 14k & 2 Domain keyword ontology
3R L BT RAFEIP YR o 5T AT RPN G o FEP Gz T el
EF VAL T P k425 w £ (Purpose Keyword Vector) » #t B % ~ % ¢ 7 i-th M43 >
Pl & 7 2_ i-th » & ig_%-?}tl&i\g o
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Domain Keyword Ontology

© @ @

DT %

Ontology View of
Ontology View of Purpose P

Purposc P _@
o5 B8
So oo - =

" ’
0 -
D}_'C"rurrj (j']'ls {j]z: CZH CE:: aen
ocument = 1 . 1 , 0-\. 'D'.. e T

Purpose keyword vector

®] 16: The purpose keyword vector
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4,3 #3%% 3—u-learning &K ¥ FTH 5B REILET AR
TR EHAMPALR Kia\ﬁ pws nE ﬂ Tidy # = well-formed # ;% » & = 3Zp %
2. DOM:  DOM P e& Bhie (73147 A3 gl @ » A0 R & 245 15 9 DOM Segment

Tree(ST) o 2R s ¥t ph % 9 ST » nzw}f;ﬁ‘%% FHBR AR R > AP TEFTH G
EE ﬁw FANLFLFTREE O F RPN DR FEERE L R FE
P D BH MR TIR . A3 2EE 2 & Content 2 & - (>4 F > d Segment
24 Object Cluster #t%& & @ = > UOI(Unit Of Information) 5 "2 p % s | 2 ¥ & 2 H = »
UOI & ¢ = B g = B2+ enObject Cluster #1% & @ =« & ST ¢ ¢ & & 2L(intermediate node)
F% Segment o Z e P o* RpRps e T oRERC - R IRGEZ > B A4 Tag “rid F cocontent p
Wi 5 & B

(1)Containing Segment (CS):%%ij%fit,ﬁvaject Cluster 3 ® $%:& 3% B % < Segment

(2) Arranging Segment (AS): £ 4 <0 Object Cluster ;2 7 & #&:f 4% B % 9 Segment, |

v ! <Table>g ¥ <Div>
Segment ® > Object Cluster (OC)4_d £ 7 4p F 4~ 12 i1 (attribute)erngr i 12 & @ = en

FHHW0C ™ 5 2 UOl ek H = 0C ¥ & & 7 7 84755 1 (1)TC (Text Cluster) (2)SIC
(Static Image Cluster) (3) VC (Video Cluster ) (4) DIC (Dynamic Image Cluster) (5)FC (Flash
Cluster) (6)AC (Audio Cluster) -

Arrange
AS Segment

Segment Segment cs Content

] 17: content ¥ segment v object cluster ] 18: Segment £ Object cluster k¢ 7% [

22l il

® B RIRA

AP HRB G RIRA  EBRPE 22 BR o Rulel: g2 F ST (segment tree)
® % 7 colorattribute 7 AS ; Rule 2 : #-OC & CS % & % UOI candidate or group ; Rule 3 :
fe 2 group > Rule 3-0 &2 group =7 & & level < -] » d F @ ™ > Rule 3-1 &J2 group £ 3
ek & 5 Rule 3-2 &ZJZ group ¥ = ¥ & gL & (% ¥ &2 5 UOI candidate ) ; Rule 3-3 Ao
T group £2 % & 8RR L (% F 85 group) ;s Rule 3-4 @ group ¥2 < FgEE L o RPN F

4o T

Rule 1 : ¥ Segment Tree # & 5 color attribute <7 Arrange Segment 2 H #f& 7 ¢+ ~ 34 &
Bigfm s> A4 UOl» X ~ 3 &gk% 25 colorattribute » 14 % Er—‘!‘«? Uol -
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AS
Color=_“green”

raai <>

Color= *

red”

Rule 2: & Segment Tree # # & 2 % i* 2_ Object Cluster> ] £2 <
or Group

=X

g 2Li & 2 UOI Candidate
(1)# Content Segment ¥ -

- -
3 & [N Y
A3 Er’f!lé:'\:"g

B & = B 12+ 1 Object Cluster - B Content Segment £2
H = UOI candidate -

5 A

CS
UOI
{\i*

= Group °

()% CS* wé 5 - i OC -

Rule 3 : Segment Tree ¥ #73 7 Group & ™ 7|i% i+ &2 UOI Candidate or Group % & > &
Content # =

# Group i & 5 ik > o level #icid & =
Group 2 &

E3
7

=L
Z_ group B 422 H s

H UOI Candidate or
Level 1

@D

@ Level 3

Rule 3-1 : Group ¥ &+ & 2.2 UOI candidate

=

)

£ % 27:0 UOI candidate

CS
RN ED
CS i
@ Ui Candidate
; i Candidate
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Rule 3-2 : Group = #& + &2 > Group & % % & g7 UOI candidate % &

» A& 4 370 UOI
© @ v EEE, PR b rdE Q FaLe s L 274 UOI candidate
(1) Condition 1 :

candidate » F % £ 15 ¢ &

i g

(2) Condition 2 :

Rule 3-3 : Group = & + &2k » 7~ & % UOI candidate z. * % &gk » BJ Yo 4 & BL2_ group
Z4L£52 5 UOlcandidatee & & {6 m % % &8 P & H £ % UOI candidate -
(1) Condition 1

uoI
# Candidate

(2) Condition 2

# Back to
Rule 3-2

Rule 3-4 : Group #
3-2 or Rule 3-3

ER G EE TR EEE BB et s L Group 16 0 £ 347 Rule
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4t u-learning kB P FTREE TR GRS E R EAAMAT L3 A E 2R3
T3BFFHF Rk rEEY 0 #7334 1 E Al u-learning Bl & i j‘s sz
ZEE Rt 33+ 2 u-leaning B P B Y ?;‘lﬁz%;‘*’ MER Y B B33 30
u-learning % % * ?ﬁiTé%Eimﬁzﬁiﬁﬁiﬁ)ﬁ%* ° FRETIAAMEBE LR 0y
ﬁﬁtg”ag = R

FHF 1L F R ﬁé u-learning & 8 T S|k B IR E Wk o P2 2 - B o
A ]‘wE"f}rﬁ ARFEFER AT AEY LTS T W0k o ¥ LT BRE kAU
%wﬁﬁﬁ’ii%%ﬁwﬁﬁ%ﬁrﬁ@mmhjﬁm’ﬁmﬁmmﬁﬁé%’ﬁuw
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tEYNE F#%E ’ #% A d RFITHNEY N E A (RPG-like Interactive Learning

R
#

"3

\1

<

)

Content Model): ¥R * K » 2 scen R BTFRend s PFAULIT BT Y P
£ HV é%x%,:é:—r;*% 1 ifp FJ‘—ﬂ PEEFFRIWRAMFERZY  FE A
WHRAEL > RDOE BEiTN AR E 7 H# 2& # 18 + (Iterative, Collaborative Ontology

Construction scheme, ICOC): TR ol K R AIE S AR~ frar VR L X
g oo 1 #“’,E—fﬂ%m‘»pié *"”‘”f#’ MIELZUEY FhRERE2Z Y > AT kS
;Lﬁ 1FL3FEp FERRELELY > BEIFFIWLFTRIPFEZY 02 4T
YRR RO AWERET VR L AL 17 F(Ontology based Toplc Analyzer for
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