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“The constitution of learning”— Using the pathfinder network analysis method for the

Calculator Compendium retaken course

Student: Chingmiao Shih Advisor: Dr. Kwoting Fang

ABSTRACT

With the ineffectiveness of retaken courses in the vocational high school, the
main purpose of this study is twofold. First, It adopted the pathfinder network
analysis method, in term of the knowledge structure, to help students to improve the
understanding of the misconceptions. Second, it developed the new computer
assistant testing system constructed by the concept elements.

Two hypotheses were proposed and tested. Hypothesis one focused whether or
not the four similarity indexes (MDS, GTD, PEC, PFC’), derivate from pathfinder
network analysis, are significant explanatory power in the student leaning
achievement. Hypothesis two tested the difference between the computer assistant
testing system and student learning achievement.

The results of these two hypotheses and further survey in this research are as

following.

1. The similarity indexes MDS and PFC have significant explanatory power in the
student leaning achievement.

2. After using the computer assistant testing system, the student’s MDS index and
PFC’ index produced significant difference.

3. The matrix weight meaning of the Euclidean distance matrix that uses testing
response matrix as input is different from the matrix weight meaning of the original
concept distance matrix.

4. Each of the four similarity indexes MDS, GTD, PFC and PFC’ has it’s own

limitations and weaknesses.

Keywords: Knowledge structure, Pathfinder network analysis, Computer assistant

testing system, Retaken course.
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ffl ERNHES J[[ﬁu » Jl Ts ) B EREHE (defining feature ) » F s by itﬁﬁjﬂ%ﬁj; i
FET* iﬁ&%v RS oy 7 > I 2R R AR gl prgeil T 285

DRI TR AT SR AR e el o= d ﬁ@*@’j’fﬁ(characterlstlc feature ) >
E[fi FH‘ l["TﬁTA~F’?JEJ EJFETIZE F“L“iﬂi’lﬁ?%ﬁnﬂﬂilf'éﬁ’?ﬂn IO EAIRR
ﬁ@*W%WﬁﬁwﬁF%HEWWJ”%ﬁ%ﬁyFW%ﬁWJWF@EWWJ
=" (Solso, 1995) ©
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2.3.4 fRERAE=Y (Neurocognitive model )

T PRV IR T RS HEO (unit) ﬂﬁr R > 5 L A
(neuronetwork ) AURZ# 43 1A BFHY (Solso, 1995) = fIY|1 - éﬂ—mﬁﬁi@ PFJF Gt
ﬂ J?;E:%j} ?}%‘[m“ A éﬁgdq[%&ﬁfﬁﬁ?%ﬁigfﬁ EIUE%? ﬁ«tl £l ﬂly?ﬁfé@ﬂﬁqﬂ
AT I SO ECE Y (Parallel Distributed Processing i PDP) (5 S
I ﬂ[[_{rl [HEJ'\“F?‘\ s [}%%Iaﬁ[%&;{ﬁﬁfﬁ .

2.35 %l'ﬁ?—i‘,ﬁi?“ ( Network mode! )

T PR HIESRLT [l[‘”ﬁﬁ HAER F”Tgﬁ"ﬁty’?*fﬁmﬁ” s Iﬁ'%‘fiﬁ"[%?ﬂ ’
AL %ulr:t'[*%j - [ﬁJ AR > 7 SRR ER S by FF%% TAE
( network of relationships ) EEF? E'EIU??PF (Solso, 1995 ) » Y1 » "é VIS M S r:t'
[RULRFIAIHIRIFLRE > JERLl ] riUE' SRR EJI}JII 5 CAIPHIRFLRL- ARV,
) @ Ty [FEJFUF TR o i_[[_{HHFﬂJEJH‘E’Wii[[%"T?F o

24 B

Mandler( 1983 )1} [ Z] ﬂf?ﬂﬁﬁwr"ﬁ&?‘ij‘a’?‘/’ﬁﬂj’i% I: EIU( ” Meaning
does not exist until some structure, or organization, is achieved.” ) - IFF iD%?E SRS
FURLES QA 5 0 AL HHAE [ 7 e ﬂj@ﬁﬁ?ﬁ .
A BRSO BRI S rﬁﬁi%ﬁ%ﬂ CLE I

(£ N# > 1997)

Thomas & Laurence (1999 ) ‘ﬁi[l% ["P[‘}i Aot o TR FE RSy
?*F IFE' Ik |1‘?F [EJIRS “E‘ 73";‘4 TR o P s il
Jiajti,%[}ﬁ fYpLif > £ g{@ﬁ:&ﬁu* lﬁl Fﬁ’;?g‘ = ﬁ_mj 754—%‘

Collins & Quillian (1969 ) #!Quillian (1969 ) ="~ %} * Ziﬁﬁlfii[ﬁ%ﬂﬁ?ﬁ—é“ﬁ ’
Tk ﬁE’é‘,ﬁtf Fi=U (hierarchical network structure model ) » & I?Jt'r Vi Ziﬁflfjr%,t‘l‘[,%jeﬁ
AR HIGH ?ﬁgiﬂli [PAEL AT ﬁliﬁ*’&f(node)’ I} bé{ﬂé@f@#ﬁ? JH S
[—J‘Eﬁ“??ffﬁﬁtp |- *”Hﬁ“ﬁi}“' ( semantic network ) Eﬁ%[,‘{s%ﬂ ; m'*'JE'Iﬁéﬁ‘S
Hi o i’[ﬁé{@fﬁﬁ@‘ (21 Cobject) ~ Hiff (event) fyAE (idea) o 25T HiE
AV Rl py £ - lg_—‘ﬁﬂ%%f%@u?ﬂil%%iﬂpj%ﬁ%o %\IHI?«R I;W’?‘TE—BHE[JHUF?T

S

E
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P ALP A éz{*&glj;%ﬁfa’I/?*[Lan FEHE~ 542 7 R
B = U TSR ) TR ) 2 [N DA T R A “” A
£ 0 ISR S T SRR Py T B RLEL e

=

[l 4 IR S
PR AR A AT 1997 > FPEGAIVE B %wﬁgﬁg‘l VRS » 4 R E L
fil > fide

FHFr o fﬁ%’f’ﬁ&m%ﬁi'—% SO & T B IART I e E 2R - Y

- [ﬁﬁﬁﬁrﬁj‘;ﬁ'ﬁl AR 1—%‘ PR kL H —ﬁz{*’&fﬁy‘?ﬁ ’F‘IE J@F[%E.Jpjrﬁi‘@ﬁﬂ?
F ST R - P ;ﬁ%ﬁ% AR B 2B [0 TRLE I - AR
AT - - AR LSS S B MRS R A A

i FIJFTJFF"HI&E‘/ (A NEF > 1997) -

B P ﬁf}“‘ U AUEEE [JJ £| Quillian (1969 ) #1 Collins & Quillian (1969 )

IR #SCELJEI:F[FF;E[EJZ*{% ,~ Collins & Loftus (1975) fi4 rﬁﬁw gﬁilﬂm | [ Anderson

(1983 )y’ Rl *‘%‘#Urif ] “”ﬂr%ﬁf SF USSR Collins & Quillian
(1969) Fi E’?TE_{EIJELYI:“Fﬁ” AL o

PRI AR PR » 8 SRR AR = e R
[/}zkrﬁ ff%%%ii"ﬂl%&ﬁﬁﬁéﬁ J@Hf—"%ﬁ_:";&iﬁ NATE LTS EY :gﬁﬂﬂ R o 1
ﬁ[ ;D%%T%‘F'“ﬂiﬁ"ﬁ » Y[ Koubek & Mountjoy (1991) FRED AR5

FUR > U1 IR ~ VAR - [ RI MR U S I B T
N AP ERE  SE

0l

t%



B PE T IR (R SRR » L) 1S (R
(Johnson, Goldsmith & Teague > 1994 ) :

Lo ARSI g7 G g e T S

2 SRSRERIOR ¢ AP RN R R fR
A -

3. ﬁlﬁ?&,}ﬁﬁﬁ)ﬁ%pfjiﬁ@ :}{ﬁ’_ RIS ﬁﬁlﬂja}; A ﬁﬁ‘%ﬁf;’ ;rﬁqﬂ—:#uqi

B RGERA Jﬁu FANNIEY ﬁfagfpﬂj:h s ﬁ%ﬁ'ﬂﬁ lsﬂ[l%-ﬁij—%‘ﬁlﬁﬁﬁg\r, 4Lrg,
W 2] Jﬁﬂﬂm PRERREY Y S B T AEARA PR o E 5‘%{&_ RENTS EE“EJ;#ETV
BT AU ﬁJF'JEJE AR E b[ﬁj@ B (multldlmensmnal scaling;
MDS) ~ FER5I#7 (cluster analysis ) ~ 5 & Uzl 73 #7 (pathfinder analysis ) - lﬁ
RN A O [l 5T E i) A B (dimensional representation) ¢
L B RVAEE A B (link weighted network representation ) » {5 /7 FVFJ[Z/[W\

(Jonassen, Beissner and Yacci, 1993 ) :
24.1 [Fﬂ@%f%ﬁr (dimensional representation)

HBREAR V% B iR F“?ﬁ <RI AL A AT
(IR o 1] 7 0~1 F Jg\\r@jiﬂ M4 i IJT‘E{LWHJ%’% (Jonassen, Beissner and
Yacci, 1993) p Tﬁrw HIp J;ﬁzéu?- ST 2] BpYsS i PEE T e g o B 1P

FT‘J' i i £ i_?’;pqgﬁl, 5] [LRL FRAERC 2 TR B [ By
ﬂﬁ'[ ﬁ-ﬁ”ﬁ\ ClL B fiq SETERR S u’I"T’FE'I'JIka**I

2411 E#FE5547 (cluster analysis)

ST PTATE AU (objects) = %’%*T M Ey S P EEIAYT
KA gﬁqmr*' u*t[élj (e AN ng;wrgta ﬁfl{‘]lF;L J’g%;gg Ef{ qﬁqaj T 55 4
ER B & 1 IEMFP LSizalIiN] Rt ﬁj@fﬂﬁﬁ[f& (homogeneity ) » [fij T
[ﬂ FERHI BRI S F [ PO % (heterogeneity ) » 71 é“]?ﬁ%ﬁ[ﬂé?i
> IRl R PSR RER R - & T RIS T PR R

= ( F[P&%L’ » 1984 ) o
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2412 “fpL 2N (Multidimensional scaling; MDS)

SIS SRS S LR A
AU I MDS ) 71403 5
FVH D IEIPART R M A TR FRE B E! 8 (Euclidean ) SPHEET, »
T O RSt ) S A O I O
7, (configuration) (Collins, 1987; Gazda & Mobley, 1994; F/&[!| > 1986) -
%F > MDS JLERIV 4 i (spatial representatlon) B }I R B
PSR RORIT R E BT R RS 2[R R S PSRRI [ O R
)ITﬁ o

MDS A=y - el e D p e AR 2 /'ﬁbzﬁ F";ﬁf’ R

ﬁﬁﬁéﬁ J’I‘FW o LT 55 ﬁﬁﬂjrﬁj Friy P e R IV EHEE (distance ) > Al
[7&}9%{]"?”"?@ % PUREEE( dlsparltles) S R A iEE e F"jﬁlf IRV R (8
> 1999) -

2.4.2 HiAH AT “E[‘J;l‘l-ﬁ, 23 & (Link weighted network representation )

SE TR R S (O RO KR P PR 5T T B s
HE 5T F T il’ 2N JE"“E*'[%;VJI”J“ YT e T R R fﬂ\ RIS I‘@‘a JE';[E#‘}

JE’“;#;[I%T?TF‘ (e & - g b gﬁ; SR :jaqgal ;{ﬁjfﬂﬂﬂurﬁ i J{l%;ﬁg SETR RS
rﬁ%if%@%%@%ﬁ%ﬁﬁ%ﬁ%%wm@oamﬁf’%@pm@%m

FHRLD %IE&%TU ( graph theory ) FhELEE - Eg?olgejwn/7aﬂl~ ) T
Wuﬁ”“ﬂﬁ'ﬂlliﬁ B 'Tu  ERTENER & PUSIATE AR R 5 S AR R
AV R > el El;thE J’EJZL' [l H‘gﬁ%ﬂ' JE|puz B (Jonassen, Beissner, &Yacm
1993 ) » er’FiJI”J“ CAHRE2E T z:amﬁ“'%ﬁ?f"ﬂ‘pt PRSI S IR SRR U it
u?J T’TF' jiF.lEl); 1FVLH;§/\1 — 'gﬁ‘_"r}EIFJ

o
W
[\S]
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25 EEETLSAHEE T

BE Al T AR FE TSR (R A S A T AT 5 RS
P A A5 (New Mexico State University ) 7 pripc i @4 fioqpat ©
Schvaneveldt » &l ’FPIU"‘ A A ﬁ,[,ﬁ#ﬂlﬁéﬁ‘w IEJFFU (graph theory ) » [P
Fus B R ) [Jﬁ?ﬁéﬂln ?Ti[‘%ﬂ‘ﬁé ( Schvaneveldt, 1990a ) -

5 i W@H RS T AT (node ) FUlH (link ) A£7ZSLRF o
%?“*P%'w%n[ﬁ“%‘% =T IELIF' B AR N e TR Furﬁ
L F[E'JJJﬁTﬁrw(Schvaneveldt 1990a ) - £l HIJWE{“&#‘H%& (i, > & it
1‘? (link ) F1] l*iﬁxjﬁxjﬁrv i Jzﬁ_%%ﬁ[ &) {[EsE e MEET (weight fY value) - [f
12 EJFH 7 EE=T I S R A a{%‘h RS Fﬁ%‘?ﬁﬁ SR o R &
T IS Cedge) 5 7 ERSAPRHAT 3 FTE |[f %,éi(arc) g‘/ 7,2 ESE R I e L
1‘? i A R TR W\ir’%ﬁﬂ%ﬁd‘gﬁl SR EIJFTJ[« e i
PR SRR R ) il £ o ST DRI g
PR L SR AEAS B0 (Schvaneveldt, 1990b)

R ”’f‘*ﬂ”fﬁ«w PTRES S IFHRI PR T R (R
L i EIU%%I’;T (Schvaneveldt & Durso, 1981) > I') % [ g
KepoAdAE# B (Rubin, 1990)

F“SE?EU:t[[E'%ZEI (memory retrieval ) (Bajo & Canas, 1992 ) br:tll*é‘r“”"
memory organization ooke, Durso, & Schvaneveldt,
( ) (Cooke;, Durso, & Sch 1dt, 1986)

3. 73 M%ﬁé‘\ﬂ[ﬁ =H Jif’%ﬂ [fil = #i7gk ( Schvaneveldt, Durso, Goldsmith, Bree,
Cooke, and De Maio, 1985 )
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25.1 B mBSFE AT 53T

BE Al o AT RIS SEAE - 438 Goldsmith - Johnson F{T Acton
(1991)§PL[2“?ﬁ§ |P (sﬁudunﬂappﬂmch)EUVEHJE““‘&ETFUﬁEﬁEiEWEFg’
Eﬂfpiﬂﬁﬁmﬁﬁ%ﬂJJléE (knowledge elicitation ) Jﬂ?@“?ﬁ%ﬂ?ﬁ%ﬁ& (knowledge
representation ) ~ I'] 5 #1585 ?ﬁé N Iz ! (evaluation of an individual’s knowledge
rwmmmmmﬂ°~ﬁ$fﬂ#tEW@*%ﬁ”ﬁﬂﬁaﬁiwﬂﬁwﬂ-ﬁ%ﬁ%ﬂ@
A e TER s RV o i Pathfinder [IY[RTY %{ ( Graph Theory ) {&I']™*
o

SRR (5

P R ]
SRS Priqmity Matrix

F'1 Proximity Matrix
% 4 DATANET

BRI v
[4]6% DATANET [l 17824
uz @k 4 PFNETs

v

PFNET(r,q)fi 975
% 2 [ s
v

% & Pathfinder Graph
(ﬁ‘%&ﬁ% ﬁ?ﬁ[)

ISR 12 )
IR [ v

PFC 8¢

—>

PFR 4587 <+

MDS ¥kl

B! S B A S AT ST AT

S

E

T34 Fl



2.5.1.1 Pathfinder Fl\JﬁEﬂW%Tu;lF&I T

Q%\HI%%'FFU DREE S LLHIEI{*%F(nodeS) Rl AR N ()
&HF (pairs of nodes ) fH|f~ A7 £ link ( Carre, 1979; Christofides, 1975; Harary,
1969) I') ™ bl K g RIAY & W G e

1. GraphG: [ﬁm& G> EIJFA'TQ A= nodes » links = £l nodes gy 2L (1,2,...,n)
]"1 | links EL ﬁ{'ﬁ%ﬁl U3l o
2. Endnodes : [yl Rl link TR - SR (AR £ endnodes (I

o)

3. Incident : * Ff » ﬁé’f@’!}ﬁffﬂ endnode » H[[* incident

4. Degreeof node: £ Iﬂiﬁﬁ 5t (incident ) p@f’&@rgl s A gfg#g‘
I'[ﬁ'ﬂﬁ’%ﬁ“ Ft o degree of node £% 3

- WIp™) (Graph) ') IR TRATS AR - V7 57
R [fi' (Schvaneveldt, 1990a)

5. Directed graph : f%7# digraph » I link <% arcs » 3| [ FEAV3I56

6. Arc: [l first node (initial node) SEP_I[F[j second node (terminal node ) > i+ & |

[UIIF T arc RLI') pHRASCESAEIER «

7. Undirected graph : %I link £3]< EJ“H[F[J‘[\QE » XHG edge o T}ﬁ(g[ﬁjﬁ%\'ﬂl » edge
FLI e e -

# Pathfinder (U= 1 1)~ 4¥FSRAE[Y graph 1 link [l AL E [
= IR ffq%ﬁ'ﬂ&(Schvaneveldt 1990a ) o FAE [l =50 [ ' fEV7# graph >
[H S0 R RS PETE Link o

8. Walk: £y~ i link i @ B 3,2, 1,4 9188 3,(3,2),2,(2,1),1,(1,4) 4
S0 S Fuiii,lﬁi— i walk ffi » [ H3— 75 3,(3,2) ,2(1,4),4 (2,1),
lg“jtj HL walk fifi o — ffif walk fififi I E'?ag;z FEJ £, %uﬁsﬁﬂgﬁ » HUR
eﬂeﬁimmwwﬁ’W%memwweﬂﬁlmﬁ°“”%ﬁ*ﬂ

(i walk £5— [% path o

9. Cyde: KI5 path 1} Il BRI A AT TIPS 2 -

SH

t%



10.

1.

12.

13.

14.

15.

16.

17.

18.

Connected graph gL !5 = i [ Tt AR fei) T E— [REE G T EE
Tree: £~ [[“ﬁ,@ﬁ%\' Hi» 7% % cycle » — {[i undirected tree [I[[&% 7 n-1 ff
edges , { ]:H [—{g{“‘}:ﬂ’:’—{—:jE I;Ifz F ]:| I ”% R

Completed graph : 5t = [ﬁitw |[4[F1HI/HIEIJ A p‘ﬁ‘:ﬁlﬂ links °
Network : £} graph J[I " f#E1 (weight, distance, cost) FV# Q. » vl [
network 2. [# 2 REE i HiERL- {4 graph o — {[& graph {17 network i
structure » [ AEET [ 7 1P structure fUE [ZE¥F o —~ [l graph [ B £L
~ {|# network > Eﬁ”i’[’?‘é | AU ISR 1 E\Hj o

Wij ¢ £ Tink (i) FOREETf (weight ) -

Theweight of apath @ Ei— {58 FIRHpvREE AT -

Geodesic : Kbty Rt ek -1 2 S AR E T > AR s A e

J IE[ Jﬂl‘gllﬁ‘mﬁt T,
Distance : [{[i'J” [t distance £ the geodesic fIVEE |ﬁ’@f:l fill o

Minimal spanning tree : f& | B HIAT - A Kruskal (1956) vtz » i |

! BT~ |[ﬁ'f[ [ﬁ[ ; cpfﬁﬁj M= ;‘F' (edge set) F ”"ﬁg i i subgraph
(4 [ﬁ[ Jl— [ tree » =' [ subgraph Fi F’??fﬁﬁ‘fﬁlitree e B /:* Jﬁﬁg&ﬁl
F11 tree PURBEEAIF 5L minimum -

q\g\lﬁ puZen {1 T matrix < 3ea. » P B py graph G |’ [T adjacency matrix

AR F T i ntn (ORI G Y RIIEAE S VR Fa= 10
Hl a;=0

%ﬁfﬁ'—é‘,ﬁl@iﬁ ST matrix e o Y EEAY network [l adjacency

matrix A F > E 1 a;=0, Aﬁfll IHT § EHJ‘ = (i,j) [EIAY link % r—_f-]EHj ’ Aj=Wij
H B PRI 2o

19.

20.

Reachability matrix = F* il » 5~ {fif n*n 3 ﬁ&j{ﬁl ?Ugﬁ%ﬁj N

e B - TR 1 B 0

Distance matrix D : £i— {[&# n*n %ififi » 7t network FIT > d F%E‘y Kf;gj e
T“E’!‘J FY minimum  distance * J[HU fe AR £ If%!‘ R R [ dij
F%’?‘/ooo i+ graph |1 distance matrix ! JfQ_J f‘fﬁf’&#ﬂ kDR PV link By T e

6 Fl

t%



21. Redundant : 3 7<EREA > - ([ network f[1 ?’Zﬁé‘i'g/iﬁf_l% (link ) HZ]
f* distance matrix fﬁﬁ?ﬁ[fﬁj '[JT* link £% redundant -

2512 1~ R - i pvd [ #

AN é ’ ?E’F‘M Y- G, ﬁ’:ﬁﬁa:ﬂa Stk o
Ifl* 5 F”’FE'I' [ES ﬁ)ﬂﬁ_li e IEQEP“‘EI;EPI ° i/[”PAFI TG — [P
P“E%E[?ﬁ] ( proximity matrix ) » &% —EL,}”*‘IJJ 7F’Tﬂ Jﬁﬁ?‘ fifr o pIS Ry S &f’%ﬁfﬁ ?ﬁ |
(link ) » I “‘ﬂ%n PHEEHR i EA ﬁ“‘ (complete network ) » i’ #
Fh PRI (DATANET) . fﬁ‘ﬁfuf %lﬁfﬁiﬁ =[5 = 3 (complete network ) »

#E ) R S e i D e

( Goldsmith & Davenport, 1990 ) -

2513 5IZ T © BAHBIVES

lj;p%‘-;q\ﬁ—gg JT%‘E‘/HI P AFLSFRY YN AU R AL ETRRIE [ﬂ RS
A4 ( measurement procedure ) » le‘j EVRAVEREER I (proximity matrix ) > §HUYBI5Y
T ffJ if’fiﬁ?ﬁ B E YRtk L i g\“&ﬂﬁ??% iﬁ“ﬁ'n%ﬁfﬁﬂ S [T FE T
& s, Fﬁ%lj PURES B f@?ﬁ: E*“T SRIVFEER  (noisy ) » T'JRIS! PR A1
[ B B [ P A A (Goldsmith et al., 1991) < 47 fiupih =
FLEIAZE I DATANET % % PFNETs » 7t Pathfinder complete network f[1 ( ]
DATANET) » £5 £y SRl Vs eV B0 e - Il eaRis o iy
DATANET S[fiifg7% 2% % Fuzffit( Pathfinder Networks, PENETs ) %] PFNETs
EATE q%ﬂ”I/ /] ﬂm“’ﬁ?“: ( Graph-Theoretic Distance, GTD ) > QEWI/ 2kl W.J”EP'EE[[EQ_
f‘[ﬁ_}% [ T AT link Bydst | i = & 55 5 JUshalfPe i (pathfinder
graph) ') F’?‘/;D% E » 2857 (Goldsmith & Davenport, 1990 ) e

1. P& ZPasAfEE (Pathfinder Networks, PFNets)

Pathfinder Networks (PFNETs ) £L'1 proximity data ( BREESR] ) A
o [ ESp Y PENETS f[1, 7% ”WA}HTETV [ERRES™ - W50 = A
( complete network ) =Y {713 *[[E' [ﬁ" %» DATANET - DATANET £y~ ([#E g
[FIPHESIVAGE /7Y o (RN ﬁzatrﬁ”é‘,lg%ﬁuw'j SRR ZERpVEY

Nt

E

737 FI



7 o [NI=PFNET LK DATANET HIS{%IIEUE R (R pIRR
TEgRAd o BT ) EEE PFNET = DATANET fY distance matrix i_ﬁ[[ﬂ fY s fl
TEfET (" DATANET f9 link B !

Schvaneveldt ( 1990b)?|Hﬁ [ﬂ | PENET . fif|proighg! FIJHI proximity data
RV o FEpplaseller A1 q f JF% - I’[*V;Ej HfY PENET - iﬁ[ﬂj
EEES- SR flEte s N ek SIS il g )
2y q FI foHJ— P LSRG | o 1 T 2 T A
SIEH o

(1) r 24

~ R H‘?ﬁ‘wzﬂﬁrufll AT RLEH B 2 Ve s

REET A o (EREETAYZV ALY 14T empirical data - "é[ PRy U R
ratio scaling Eﬁ J fpj SRR T A @fj | E:IT ﬂﬂﬂﬁfﬁtﬁ (justifiable )

(Stevens, 1951) » P 3 }T DATANET [UBHESHTIIRY » =5 PR - (i
distance function » {i'I'] ¢ F= IR AV BRIl =0 f@?@"& » -
i distance functlon i B link weight = path weight [ [H]fY EJ%J [kl
ordinal « J}i% » path weight #{I link weight I [#][1¥ ordinal comparisons ']}
FeH o3  PENETS /1 link membership ©

Distance function fi' ! l?fm‘ﬁﬁf Minikowski distance measure {5 S5
FITEE 2 AUREEE (Schvaneveldt, 1990a) o Y =4I

K 1/r
W(P)=(ZW{] wherer>=1, w; >=0for all i.

T =1 o AR i AR RES ™ Rl network Fl et Hi R

T o JF{II r=ooE\3J: » Higy =5 = function ikl maximum function e

lim W +w)"" = maximum(w,,w,)

r—oo
NP r = oo, 5% Minkowski r distance FF1+5 {1 maximum weight *
| i i g

minimum weight path » JF=£} ordinal scale measurement F’ﬁ FusRefm -

ARFA T FR Fﬁ, =1 E\JJ‘ » Bl distance matrix [IUf#E] fif ?E,F i 71 link
MEE AV Fh' =2 Exjjr » PR RE S FFE | link PORRRED fift I T RLZE! 68

8 FI

t%



HELHES IR - Fhl r=ooftlf > [IIIFBF 2 1 link AR VAR pfif o lf:-h%}
FI |7t ordinal scaling i JEJ]:)E& [ Jiq i %S T T GRER (E

2) q =

Distance matrixi'_%é—“ﬂl#}“ b o M IR e U iy q 2
BrpLpl— {f# "] 5% distance matrix & & pu Tk o [ngr%a& F—BwL l[ B‘Lﬁ’U
DATANET | 1k 5 SpEERE S Fl 1A% link Bydst D o [NERRL q ‘}*E‘\Tﬁiﬁkﬂ VR E
HERY edge Jeo ] J]"TE'?,F”TF[FU edge 7o q o HIF= F{l q]:%t b n-1 pJ
r??\u 1 E\HJ‘ PP e ] A5 4 SR (Minimum Cost Network; MCN ) » j‘f:‘*
SRS - (070 SRR Y - KL
e > TIOVELAGE ¢ (Schvaneveldt, 1990a ) o P18 e 4 LT
T BB R T G S Ay R ol [ AT
ST o ﬁ*gﬁj‘:@k‘g%/ﬂm% o q fUT R - R R Tﬂfﬁﬂ
PENET f[1 link #% o #3753 EER R T F g ﬂﬁjﬂ@iﬁ T
PENETs (|17 i) e b=k -

Proximity : bﬁ[,rﬁﬁrv JIENE AN (A R ﬁ'ﬁrﬂi oo TR ﬂ*'fﬁf['r
2T IR R o Proximity R AR IRET 072 B
@F“@JEWB*“j FAENEG JFIJ%?JI ° tilﬂﬁf@@irij?“H[Efjﬁfj?ﬁ%ﬁ'ﬁ@%&@

BEM [ZEFU(E'»LL:I‘F*IHJFIE[ FJ-I g R H ﬁ‘?ﬁ%@@ AR Ay
g~ o RFATEE :W'EJ%%E@@@J o

Fﬁl Proximity & FL\' H1E) %hjf_ﬁér proximity [ E\JJ‘ » Proximity estimates fi'I']
EA !~ i Complete Network ( Schvaneveldt, 1990a) ° DE',? (EeRpy
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3. B EusAEEE | (Pathfinder Graph)
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( Schvaneveldt, 1990a ) -
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RSB F LR % uuexﬁﬁﬁﬁ%ﬁ@

Goldsmith & Davenport (1990 ) I?”E b EEAeE iy e |ﬁ’}ﬂ£ﬁ'ﬁ[ﬁ“§ﬁ AR P
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(D) H*EWI/ IE‘—PU MRS [5( ( Pathfinder graph-theoretic distance, GTD )

GTD $ 5Lt DATANET 511y affiaf| e e (2 odd - |lisfile -

& qgﬁlﬂirﬁ FF]JQ‘EP%BEJ ( Graph Theoretic Distance matrix » GTD #fifffi ) » F|! [ﬁIJI/

:E'F%%E‘E@Eﬁ ﬁ? RS R AR -y A zmqﬁ“' {1 Pearson ﬁ'%ﬁ{[{@\f’ ,F%ﬁlfﬁ%ﬂfgl\fr

o [ (RS AL A (Goldsmlth & Davenport, 1990) J[JkL GTD 45> GTD

FRHCE 0 (A% 2 P FOREES) % 1 (A FRFIROREES ) » GTD 58

Bﬁ?ﬁf‘}* 7 Ry fi5HeE G AF 1) ( Gomez & Housner, 1992)« Gomez £~ (1992 )
- IRV GTD FFBe vt T 5 25 [ 6 BV GTD B vgt i -

16 At AR PR = GTD iRk~ PRC frkk
=R 5 ¢ Goldsmith, T. E., Johnson P. J, and Acton, W H., 1991,
Assessing structural knowledge, Journal of Educational Psychology, V01.83,
no.1, pp.88-96.

* 2 ET%HVEIW 6 p= flAfEE H[ﬁﬂ %uﬁg il g[qﬁl i A - A
=F F‘@qﬁ‘l‘ﬂ?/@ﬁ%qﬁ#ﬁﬁ b2 NI = A>C—F pJA—»C AYBFRET, 1 >
CoF [UBHESL 1 571 | A—F PURHEERL 1+1=2 « 1 SF R WAEe porm e jaRly
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%o 2 [l 6 [19= S Fl 5 RO

AR PR AHRE T pURpEE AR = ORREE
A—B 1 1 1
A—D 2 1 2
A—F 2 3 3
3 [ 6 [IARE -~ AR AR S O -
Ak A B C D E F G
A~
A - 1 1 2 2 2 2
B - 2 1 1 3 3
C - 3 3 1 1
D - 2 4
E 4 4
F - 2
G -
fpe
A 4 1 2 1 1 3 3
B - 1 2 2 2 2
C . 3 3 1 1
D A 2 4
E 5 4 4
F - 2
G -
A= A B C D E F G
A - 1 4 2 2 3 5
B - 3 1 1 2 4
C - 4 2 1 1
D - 2 3 5
E - 1 3
F - 2
G

?H“—HWFI . Goldsmith, T. E., Johnson, P. J., and Acton, W. H., 1991,Assessing structural
knowledge, Journal of Educational Psychology, Vol.83, no.1, pp.88-96.
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(2) ) EC}"F'[E‘\T ( Pathfinder correlation index )
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BEREIE o (AR (B A SRS UF R

Spr) s JlEL PEC ?IEIJT PFC ?l%ﬁ”l;@i@‘ 0=1> Fﬂ PFC f[gl’?ﬁ VR
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4 I 6 IS - AIERE M PRC SHrE b

ST s CEL
MO AR AT wpA b ep S e
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B {ADE! {AC} {A 1 {ACDE} 4 1/4
C (AFG} {BEG! {EG) 2 {ABFEG} 4 2/4
D (B} (A} U 0 {AB 2 0/2
E (B} (A} U 0 {AB 2 0/2
F (C} (C} c 1 {Cy 1 1/1
G {(C} (C} {(C} 1 {C) 1 1/1

FE L PREEAIEE 1/441/442/4+0/2+0/2+1/1+1/1=3 > C fifith 3/7=43 » U A F & F
©¥F 3 - Goldsmith, T. E., Johnson, P. J., and Acton, W. H., 1991, Assessing structural
knowledge, Journal of Educational Psychology, Vol.83, no.1, pp.88-96.

3) }%ﬂ[ﬁfﬁ@r (Proximity matrix index )
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matrix ) » ;ﬁ;ﬁ (Al T T T A s i IJ?FEIFTM TR T T‘EITMTEIQ%—] &
A pAE A% - PRX ;f"glzﬁ VEEEEY 0 % 10 PRX fifif A iy I[E{-Jﬁ';'
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(4) UL EBBAHES U (Buclidean distance index; MDS )
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EroMDS ?FIETEE&W £, 0= 1>MDS |;Ejﬁ4\—:zﬁﬂ 4 {5 ﬁf}“ ﬁﬁ[l (Goldsmlth
etal., 1991) -
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