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Background: Network science as a new field in psychological measurement provides a good
platform for test analysis, but in Iran, research on the analysis of test questions using network data
analysis has been neglected.

Aims: The aim of this study was to introduce network data analysis as a psychometric-mathematical
technique and its use in the questionnaire analysis process.

Methods: This research is descriptive-analytical, the statistical population of all language learners
was the top ten language teaching institutes in Tehran in 2020, from which 1556 language learners
were selected by convenience sampling method and answering the English vocabulary size test
(Nation and Waring, 1997). Data analysis was performed by ggraph software package under R
software.

Results: The graph obtained from the communication network of questions based on the
Fruchterman-Ringold algorithm was plotted, the parent-child relationship of the questions was
determined based on the Bayesian network, and the descriptive features of the test and the indicators
of network centrality were extracted.

Conclusion: Introducing the technique of analyzing network data and using it for questions analysis
process is one of the achievements of this article. Using the advantages of network science such as
the ability to simplify, manage, store and collect high-volume data and analyze test questions based
on the map and indicators that are fully consistent with it, we can understand the internal relationship
between different test questions, and by considering the importance of the questions in the network
structure of the net relationship between the questions, it is possible to improve the testing methods.
Similar studies and researches are proposed to compare the results of network data analysis with
psychometric properties obtained based on conventional and classical methods.
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Introduction

The use of network data analysis in the field of psychology
and psychometrics is considered to be the latest
methodology. Network methodology makes it possible to
study several objectives simultaneously. Under the best of
conditions, the measurement model provides an integrated
texture that meets the requirements for testing at the same
time (Araghi, Taheri, joz Ramazani, Abas pour&
Zarghami, 2017). The ability to integrate different
variables through network data analysis can be used in test
analysis and extraction of test indicators. Two reasons
have led to the consideration of the network approach in
the field of psychometric: a) in recent years, models and
theories about latent variables have prevailed b) Unlike
latent models, the network perspective has helped to
develop dynamic systems (Borsboom, 2008). The purpose
of question analysis and determination of test-construction
indicators is to identify inappropriate questions and correct
them, and finally to develop a measurement tool. In the
network method, the question analysis is performed based
on the map and parameters that correspond exactly to it,
which is the result of the internal relationship between
different test questions (Ddérnyei, 2014). Here, network
nodes refer to the test questions being studied, and the
relationship between them is determined by interface lines
called edges (Saarinen, Cater& Littman, 2020).

In this research, the benefits of network data analysis are
used to analyze English vocabulary size test. Today, the
importance and use of English in professional and
educational affairs in the international arena is not hidden
from anyone. Assessing language learners is an important
part of teaching any foreign language. Inaccurate
assessment of individuals' language knowledge can greatly
affect the learning process. Therefore, designing the
principles of making standardized tests can greatly
guarantee the success of language teaching. The aim of
this study was to introduce network data analysis as a
psychometric-mathematical technique and its use in the
guestionnaire analysis process.

Method

This research is descriptive-analytical, the statistical
population of all language learners was the top ten
language teaching institutes in Tehran in 2020, from which
1556 language learners were selected by convenience
sampling method and answering the English vocabulary
size test (Nation and Waring, 1997). To draw the network
map of vocabulary size test, Fruchterman-Ringold
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algorithm and qgraph software package under R software
were used and based on that, network parameters were
extracted. To investigate the parent-child relationship,
Bayesian network were drawn based on the Hilling
Climbing (HC) algorithm using bnlearn and bnviewer
software packages.

Results

In this study, the Cronbach's alpha reliability coefficient
for all questions (140 questions) was 0.921. Nonlinear
multifactorial analysis was performed under R software.
We need a correlation matrix to map the network of
relationships between vocabulary test questions. Since the
test questions are dual values, the tetrachoric correlation
matrix was chosen. The graph obtained from the
communication network of questions based on the
Fruchterman-Ringold algorithm was plotted (figure 1).
Each graph has its own characteristics: A) Edge
thickness (meaning the lines drawn between two
nodes) indicates a significant relationship between
the two questions based on correlation. B) The more
this connection, the thicker the edge between the two
nodes, the presence of the interface line means a
meaningful connection. C) Indicates the color of the
edges to communicate between variables. Green
edges indicate a significant positive relationship
between nodes, and red edges indicate a significant
negative relationship. D) Central nodes are nodes that
are located in the center of the graph, peripheral nodes
are nodes that are located around. F) The proximity of
nodes to each other indicates a high relationship
between them. The parent-child relationship of the
questions was determined based on the Bayesian network
(figure 2), and the descriptive features of the test and the
indicators of network centrality were extracted.
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Figure 2: Bayesian network with HC algorithm

Conclusion

Introducing the technique of analyzing network data and
using it for questions analysis process is one of the
achievements of this article. The use of graph theory-based
methods is faster in finding inappropriate questions, and
through it, the relationship matrix between the questions
can be visualized quite clearly and a lot of information can
be presented together. Using the advantages of network
science such as the ability to simplify, manage, store and
collect high-volume data and analyze test questions based
on the map and indicators that are fully consistent with it,
we can understand the internal relationship between

different test questions, and by considering the importance
of the questions in the network structure of the net
relationship between the questions, it is possible to
improve the testing methods. Similar studies and
researches are proposed to compare the results of network
data analysis with psychometric properties obtained based
on conventional and classical methods.

Ethical Considerations

Compliance with ethical guidelines: This article is ectracted
from PhD dissertation of the first auther in the major of
educational psychology from Tabriz University and the date of

1133




Monthly Journal of

approval of the proposal is 11/06/2019. Before the test, while
giving the necessary explanations to the participants about the
importance and purpose of the research, they were given the
opportunity to ask their questions in the field of research, as well
as before the test to not be forced and voluntary to participate in
the research and It was also pointed out that the personal
information of the volunteers was kept confidential and not used
elsewhere, and in order to gain the trust and anonymity of the
participants, their names and surnames were refused.

1134

Vol. 20, No. 103, Autumn(October) 2021

Funding: This study was conducted as a PhD thesis with no
financial support.

Authors’ contribution: The first author is the main researcher
of this research. The second and third authors are the supervisors
and forth auther was the advisor.

Conflict of interest: The authers declear no conflict of interest
for this study.

Acknowledgments: | would like to appreciate the supervisors,
advisor and the participants.



1F00 (560) 300 VoV 0 ylois (ot 0399

> liilg y pols amliabo
093 o

S14Cl sdodls ey H odliiw! b  oudiSI O &l 35 Qg.n}T w09y B SR (v

2 2 o 6 v UL LA R
SO 3oy Moo 0l g Jguaie (FGU19 Pl el ¢ Sllakw LB
Ol ¢ a5 ol (2 pole 0 8 (i ol ) (65573 (g il )
'Q‘)‘.“j‘.)r;‘}ix; o\i@‘b‘@ﬁj€}lpa_5;uh.~‘."

Ol e300 o s oSl ¢ gulitily 03,5 eoleul ¥

Ol Ol el ay (S5 pshe o315 (555 p sl ST S m plyslil F

o> Ao lasein

03357 o0 @213 (S5Le0 05T Gl s plonil Sl 1y (gt i (25 Lils S Nl 3 o g 5) s &G Ol e 4,.&..;:(,1; a0 o jlguuls”
el 0bile J giie (c1aSl glaosls Juloes 31 oslizul b O 33T SV su Jlosi o geas 3 255 Ol 5 Lol WS & s

oo T3 53 OT Sl aslizal 5 SLbl = eiwdly, ST &K Ol e 4 1S slaosls Jhowi (5 ae Ola b tagsy ol 10 Wl Jeboss
S plosil aaliti Y15 WSs gl e ls

WAA Il 53 O g O3 25587 5 s sn 03 015 5aT 0L ST ()T dmsler sl Judomi= o 57 £ 55 51 R s 0ol S99 o Sl

(VARY (K 15 5 i) oSN S 135 0 g0 5T @05 Lks el o s 53 (5,8 46 g gy 40 jsnT 0L V0OF LOT o 518 55
A rb.u'l R 58! s qgraph 6)‘}‘()3 aty Lo 5 Wosls Lo g 4 j2 L isls C‘“l‘*

el Y1 o5 s Al 5 8 e 7 K s o Sy e W e (B IS0 S ol 1S sl
3 8 el K 2y S 0 o a5 0aST o 57 S S35 5 b pabnie 1 Kt

S ol s skes 5 S eV g o AnT 5 ) skie 4 OT Sl aslial 5 14t glaesls o ST 5 ,me 105 5 domiid
0303 SVl g o 5 VU o L (slaesls (6 5luae gozme 50503 €y proke o6 Slmonln Sl sle 405 e (sl o S oslisal .o
Yl a8 8 5551 53 5 g O505T e SV g 550 B 4 015 0 0T 2 Gilate SalST (sl st Lo 5 4t ol
4 et 5 alie Ol ploil Cstls  (5luiniT sla gy il 4 Ol or (Vg o Sl BLI IS bl )
LT oo oy NS 5 g o (St bl y o7 il S S5 b 6l&s glaesls fbwi I ol el A e sk
Y

L CVARVI R IR I
WAA/NY/V e tos ah

VB /o)) teds e

Q‘ﬂ\‘ﬂﬂ‘ﬂjj n&u‘é‘@jr}l& n}f‘éb\‘db‘jc‘M:JW 0&\&&.1939.’5

AR

vahedill7@yahoo.com :a.tL|,

VXYY 4l



oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

a1 S e 85 3 4G Calies (glade I eslial 4
5 0k il (Sshue LsdT Slides 4 05 Jlo Olsie
959, M3 5 da gV (e 5 (Y210) O sud IS o(Y410) O gsllls
Sl 53 4SS i sladis SIS 58 o5lal (Y1) LuyE
wuh:jfa:U;w\u;gij

505051 (P Sl ol o 6,8 el e oS
‘5£§qﬂx|d¢aigb&‘ﬁj¥{)>.x§u§:bq\;;a‘jhﬁsDNSQJ
g 1y 0g03T Sl Sl 4SS oo el 315 (gl LS 5L
) oo g OIS & 5 405 el ls 355 e 53 Ol jen
2 e ol 5 28T ol G3l0ge3T gls Jou plonil sl
DY s psese 5 o aSele b ple U Sl (il slao
e Ol 4l wlid Sy Sl ol izie Calibes glaos
b5 Obminlls,y b 50 (nl 3jli op s |y Ba cpdizr Ole s
Ol (gl )l 5l a8 S w51 Sladl (sbaojl it 55 b AS o
(S Aol ealital (ol OT S50 L\;)uwﬁiﬂu Osls
O8O 5 Slas) o gl

1S S sk 558 0 68 S5 o 5 ki L 55 IS S
ﬂjE‘5LépL96@U‘5ngqu\/4§;;M|0AE)%J]~G;j‘GZ;u
3GV S L KV e o 4t V | e 55 (glaes oz
Jobe Sl aslizal (Y1 (5L, 8) 0 8 (o GAJL S E e 2 4
LU e it I gloas sazmn (o) 53 3 o iz 3 (1Sl
Gl b bYs cal o3 85 Iy 5 a8 iyl RuSK L Says
Sl 5 (K (Bl (5 il oo 5 S & i s S
6'65jq3:q})b;ﬂ;f(;ﬁ‘uidiﬂ;l@T¢ﬁju+acf;)::}?j
S 5968 )8 8 51513 (G et (e 85 53 (a3 S0 55 4
503 0y ke ((3luesle B (2 5 ol 3 S 05 Wle Lol
izl olls ol S eaSan) VU o b (slaesls (55loas sazes

.(Y'\Y ‘(’}‘."‘")}'33

5. classic theory

8, item response theory
7. node

8, edge

V\YWF

doddo

T s G ey Sl ' GileoseT el bl S
o3Il gladie ol e sladde Blo 53 Ly, o S KK
3005 93 p e NIl S8 08T & sy, 68
Ol sie 4 0k (5,8 0511 Catos WG T 53 4877 LU 5L (6la s il (5 o
F&\;deéuﬂmﬁjsﬁ@ sldels Sldalin oS zie e
s Sldalie 65 zhe S ol o (5,8 03Il s T 45 oS
L 5 el (S5 Sl sy e PSS 5 5 e 4 5
Y00 A G ) 3 5 g a3 & 5 0S5 0 g 7y Il o
Iy andlas 300 50 b S5 el 45 4S5t ko cladde o LS s
235 L g 1l 55 dils o 0T bas 18085 sl o b5 ol
FeS 5 Sl s el T oBils pliilsy 0 Kiassy
Lty Sromiw 403 S5y opl ol kil (5,8 0160 .ol il
AT Gl ST 5 o ) 3513 0 4S8 Gla o Ls 5 1l o

Pl el Sy G e 53 15 0T a8 5405 e il (g1aSs o
Olsie a1y galiml o) Seumdly Ol g oo a5 wld ig, Aas o ol
oS gl poen (TVF (uilazl) 08 8 a5 53 0T ol e (sl
Lalsy 5 S35 (Dlib a5 ¢ gay 551K ¢ ula 55,8 55
LS @ gmdly Do o itin ol ge 5 Laesls 5 palie o
ﬁ@f@ml@é‘béﬁQT&:\E:S\NU))é.MGA\Ao)‘y:\AA
AYAY (Llg) Al S3e e

L o 3lbedd e 1 (gl Ol e a0 (5 (omliilsy ey sl 5
Gl g e B 5o bl DL B a5 s edle S
S5 5 (5 G5ldp5T) 6 e 53 il 6 o500
Gles s 5 obil (6, S oIl ¢ Lo dile oo Iled b 5505, 0
G0 505T) Wl 1) o) ol 4 Logs o Jilws 5 s ploil | sl s
oltiley 0s 8 55 5y cpl 51LOAA S 5alS 5 ) (83,08
S35y Slo3b SlaGsl Ll 5 o O ke sl o b3 S5 b 5

S ol axils sy Glallle LUK 2 il oo oS !

' testing

2, empirical

3, reflective interpret
4, formative interpret

A A e €60 el L 0 AF(A) Loy W




\Fee (jéﬂ)}:g‘h:‘\"“a‘)ud' A)}Jc&w‘j)rﬁmhﬁbJ

oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

om Bl 53 dial 5 andllae 35 50 O 9037 Y g Olas 455 (glao S
S phales LS (gla past s ilodd o 5 318l oot LT
&l @L:S Gilusoldss Sl Sl ol s syl JelST SLbl oT
Vg (5l g03T o 3 ol Jl e 55 5 o3le gla 31
Gy (S ol SIS &l e gla el a4
Sl oMo oS Azs LSl ) (6 2 Sl ) (e Gy Sl
Sy 5 digls oV Sty (ol ot 4 8 T 4 a8 sl i
sl :Jﬁ“})«:’-;\ Al ol g dmui)b'fj@ﬂ Sl
s pialed b 0T Lol ) BLbil Ll ol lsy 5 2 6 8 Slsl,
5 5 () 3505 el en 4 1) Sl Canys s DSl S
(Yoo (azd

Vg o S 53 laKs glaosls Lo (gblse 51 bl o
308 5 Caanl 035,80 555 o o3lizal I 0L W 6l O 05T
oSt 2 Sl b e 03 eans 5 Jid sl 3 SO
Sl 4 Galidee Glao) o aaite GLaSL @ a5 LS ol
i 3 ghee 1S AS U g 53 Sl ol 0L
i 35 Gpymely Sde 5 ol oS s b eSS 0L
s (2l 05 55 50T 3l aage i 01550 TOLS (slaaist 5ol
L BiseT AT 5 bl 5 g o131 L5 Dol ghae 585 o L5512 58 0
0T ol dpol (Hb calply s 15 56 cos
S el (6305 o 1 0L 5 5T Cusd ge Ll 5 e 3,1l
porlie 228 53 ey oSS Olge 4 14K glaosls o (5 jme
e Olse 4 Ol on by i opl 53 (21 S 5 @5lelsesT
oo )8 Coa b s cnl cpl plo 23 8 s ey ol s
i oS O B 0 g03T SV Byl AL 5 s 4K
el (144Y) &l

9
e 5 = S Sasn ) IO WS Gh g e b (I
(RS L'J.l\).so.al.&:..,-l.s)y)\}ﬂ .@\Lg:ﬁ)lf— L;.s\.::;';}.\.aj)éjj\j
385 Al 088Y) &Kol 5 s ol O Bl 05057

S LU P PRI 2% KU RPIIRLEH PR S PPN DL R B,
oS (B o b omliilg) S 5 OT 55 47558 sliels (glan oy
Sy 0T IS 55 5wl 228 5 @ 5 IS by 5 6,bT
4S5 o s 0 A1) olis s 05 ol 3 S sl Al
o 3 Jos (o s 53 LT (SGSS 5 e s g
4 a8t o Dol 53 5= e 3550 Dle g s o (0 205 Ll
I3l o o 8l l Loy ol Sl 5 -y 5 00 5 T
Db 5 laad g bl ¢ Jolgo (DY ¢ JoLio oonlin claoy 8 oLt
S g Candly 45 Sl Sl ol sy ol 2Bl Calies
Ol 5 S o f55 03,25 5 plite j5b 4 1) —Cl b Sy &
5 SUib (il sl 5 S5 S (il 2 (Sleed S
ol J 55 YV ) 35T ol b 1y Sledbl (55lucs sl
S S o s |y ol O Jlgr K8 Lo 4 b gy o sla a5
3 Sk & ol plaetiy ploenl 5 (S USS 555 0T (o rage
AT Gl S5 s 52) bl o ke (slaadl o b n ie

L Jeos ol Gab 3l e (gl ki ples] 5 (luen LSS ok
Glagasls mlpmal 5 OVGe g5ledseT o les 55 Oly o
5 bty Ol 4 1 o 5 S 550357 eslizl (g 5ludy go 3T
D 0> Mg 8 s Glol, oSl (b S
3,05 4 e o e W5 53 8 @S LI 5l geT
Gladle 53 & ol ol ol ol Slgy ¢S 03l )5 )3 (G14Ss
033 3 el o o Olgy (sla it 4 by o DU 5 5 adite !
by lapim 58 4 618 o8 s Olgy sladie Vs S
35 sk () gme Blod 31L gy (Slaptinr (53 28 ol 03 5 808
3,8 oy 3y bl it ali b SSK Sl g 5 ol
YA o sy 52)

wlls OV 50T Gl e le puni 5 e Judos Coda
L;ﬁfa)'\.ldl)\}zlégiuijiqu'@):}@Tcw\)wl;eu <Y g
moedein b Ol cpl s glaws g Jdow gla gy sl s .l
I oo oISt 2g) 55 T o Cowdy SV byl 0387
o oS 25 o plal 0T Gate DS (gla e ls 5 il lul
bl 55 ((YVF (6 5553) ol OgnT Calies VI3 S9)5 LU

YAYY




oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

300 4 Ol 55 o dhaa O 3145 0355 50 o K gy Oolssl 5345 50
53 8l 35S 3500 Jala ) W pls 0505 nl 1S 05l 5
Wols 55 dile 0bj latdn plo & Jay 5 S oo eslinal S
03 g g o3l alizee Il b O ga 3T cpl 5o )b 00 5 Cllas oS )5
w39)5 5| I8 ramin Sl e sy (b 5 Sl s sl D
SRSy op 03057 nl ot 5 (eSSl 0L OIS (5,8 5L 85
wu;,»u@\L@;Twop;m&u{@;mﬁﬁ,gg@&\
5 Sl odd S Sl (g5l Calies o sha 51 0505T pl 358 o0
SW Ol das iy |y edSSH 0L S ST S il 03 87 aw
by e 3 S 5l a8 e SWoesl gl all 05T opl o
33 5 ol i) Db Vrv 50,8 55 &S Col o 45 S "(BNC)
BNC Sl 48 gazes 3,05 3525 Ob) (oSSl Jlo Caliies (gla ioe
2313 3y e Sen 03057l 53 4 5 )l5 Calties el 2
ol sl l ad ssl gl Yoo B Ve suuls Sa e O el gl
258 oalitl Ll Calides # sl 3 015 50TOLS (6l il oo 05057
P easls 35 OT Sromir o3 o domio oo 5 5 03057 2
S50 Jale 5 domi oo 1y I ke 65 0505 ol 4S50 slized
s b Gl 5131 o s 5 sl 516 0905 3 Shes )3 Sl
s 53 GYL 8 5308 03,51 5 OsaT ol bl 5 SU5 Calides
ﬂ}ﬂ&bwdu,.s)bJf;d;ﬁﬂd\&}jl@lﬁquwcﬁb
3 g o o gien O 50 TOLS ¢ L5 Ay Ol joe i (51 7 (oot 5l
@YU 2bl s DU L Calbes (glacnd g 53 05057 ol Slal 2
O30 5063 555 K Loy 050 5T ol Calibes (51 | odas o OLES |
Sl 0 ein YL (oLl olie & GL5 Ul Cales & o |
P30 05 9 el (ol 0l 3591 5 /88 39> 53 o bl Llae)
SV il (momo b Ll2) (2550 55 S 5 OWT 05057
05051 ol 53 0k S 4 as Jild Llplel O 5 pbs) O5a5T
i lp sl cpl sl ABL VP Sl s il Lils e
Wls oo 1) el SN B E 0 s ST LS 1015 seT0L

XV I 5 i) ol s O

VAYA

ol = sk b 015 0 5 OB (55, (Y"V)Jﬁﬁ&ébf 05T
23 gl M) Calodd e (oYL obL p3lie 4 S5 Ul
S35 0551 V5 a3l s (gl (sl 0l 5557 5 /48 550>
03 05501 OL3 S (ybT dmals s | ol QWSS 5 51 25 S
LOT o 1 487 55 WA Lo 53 018 e 0L E5eT g e
O 03T 4y 5 B Ol s 53 (6,8 450 o3, 4 5581 OL) 1007
S5 e Y sl sl 144V S ls 5 i) S O il
Opa3T SV 5 o 4 a8 (VY49) 0SKan 5 Sl iash 5o Sl
od ah 8 3 )5 ) e el o Ll oS e Sl eslizal
b s b Jole o 3l eslizul Cgar (Y+08) Wl i (2l
2l 03 1 o3 e slgiiy 5 ml Dl e b gladi sl ¢ JolST AN
Sllllan 4 S 4 305 e iy Ol g 03 8 a5,
Sl 3 &1 e 5057 1t 51 g 8L 5V g 5 6 ) sl
o b ol AR5 s 5 Camsl o g 53 OB SIS b w0 5Y
TAae A 2 sl de 5o 1) s OV S A el LoT 4
:5,&o;ﬁ4;\11}@\;})%\(.\pgoyﬂd\ﬂljl&sw‘.u{u
e s OUb gls casei OleMbl Gl Glo es 4 55 5 Eagh o
shazel o ghte 4 5 i o,Lal s sl 53 Dbl oyl 5 eslizal
T (Sl glpl 5 ol dol 5 OE S 'S 8 03y plulis LB 2 5
03o3T Vg o DU IS B e f S 3 S ()l
Agraph sy o5 e 5 S0 - b 02, SIS O Bl
Tl Al 4 sl et la OT bl p 5 A8 oslizul R 1Bl 5 S
el 2 s s OV 55 Wl Al ey g S
sbnlearn ()l jsle ;i (slass 51 oslinal LHC b 63,5 45 v;,_,}iﬂ
A o 5 DNViEWer

S G

S 4 ge Ol 4 &S el G 5 i By p ASTT andlas opl o
(VA4Y) &4 515 5 s Jamn 55 457 oS O 6155 I3 VP (5057
sy S S 55 oy a5k 4.3 55 e e3lital o 4y
o3 33 g 8l S e S eslinal b 05T Y5

o S Sy ot OgeiT adl g 4§ IS 55 Ks sl sesT

', British National Corpus

A A e €60 el L 0 AF(A) Loy W




\Fee (jéﬂ)}:g‘\-g:a\"“n‘)ud' A)_’Jc‘_g‘liw“g‘)r}bmu[ﬁJ

oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

Ol jad O3 90 At 5 (,}ngu,ﬂdm};w‘;ﬂu‘}:u;t oslannl )
OT olbie 5 Sl 3550 95 andllas cpl Sl odaT Sy Sl jd ol
Sl (glasy SN

23 sk PR b e hle Jle 5 Sl Lol Al Y
2 3k5 slagme S s 4 SLal 5 s Ly, S e
W (s Al

LT oo Cads aalidins 5 51 68T SOl AJS™ 51 i Jale Jdows 55 Y
2 g gos eslazul

SedaT sty ol (5T (2l) 4 018 b 58 o o ol s
b e et s (Y004l ) 5 50 slazel i (sla s
Vs s e ol 3l e et s 5 sd e el Rl 5 o

ol o 001y OLiS

B b ol D g G Gole T Joe gl S Sl ) Jgur

Solsline 5l ie ol e ls
—) SVAFA alat s a2, 80
YIFIYVA ST Sl

YVOF Y e Sl
YVFYSE¥ ST Sl 545 ol
YIFVAYD S el 1 Aol

p.value=1  yarvyAy G2 (1e+10)

oNoln 5 gl (gl A2,

bl 5 &S o Jde o &S s e O (pValue= 1) ol oty
59 (Sl LoDl (ga ¢SS Wil 3 50 Jbe g odeT ok Laasls
S5 Jde YL 5 J e JB Bllail sitas §Lias JalSTP 55,0 ke s,
(RMSEA= 0) S5k ysdoms (sllast &2y, lhie Sl o 20 Joho
B3 0l 4 S o B 1 5 ke 5 (g S Lol Gl 35
Lesls opl gl Jule &G Jue o5 s o Ol 51 glaesla
0o 3T Vg o Bl a8 885 o 7 61 ol bt 5 o pllas
OijQY‘}wAfuildaJ.r{)\:jL:iMwﬁbyowr’.#
Sl J8 ol 6l K ST Ster e Sle Limad B 5
b 53 OT T3 FOF ) s 5le ol (VL e 5 40355 0

Db o (6130 5

FYvell

) Ols o o 5 (o5 OF) O o Iy hassy cal 5o oBuses s
ol oBles SG Jateiin 1y 555 Sz 3131 Ak lins o LS5 (Ao s
):a.\;fg;ff&:\}\sz.&:{x:ﬁc;)u:ﬁQ)A:&Jcb6|)|ss\}\
o)l 5 (Lo ys YF) i)l wlid )87 Sdass glyls Jiass op)
S5 5 (Ao ys\Y) e (dpy3 V9) s 5 b s (hoys YY)
s oolaBl sy doys P (eolal Ll 4 ail e (As s V)
Sals 45 0 Ao s K 5 L Aoy & o Aoy ¥ g |
5 Sl 0355w B LT Lol 0L desyn Y 5131 ol 5 .kiles ST
Coly Lo y3 M ol 515 S o Coms o3 (LOLS 4 (s
05031 SV s Tl Wanesls Judows 55 s g9 S Car ka3 VY 5 s
O bl olis wolitn oS5 (il S S5 5| (K o | 2
JS Gl FLs S GWT gLl oyl i Jhagy ol s el
fon oS a0 O £ b gn ol el iy /AT (13 VF4) Y5
ol 4 (G5 e 5 e o 51 5 bl Sen S8 b Y
SUBRICH [P RC W v

Vb (Ken 5 £35S T oo Sl o] s s 4 4 57 L
ol 05 a5 e (V4AY) 6Kl 5 i slesl 5 oY
b JolS Sl b a1 Jule ol slgriy Slinss, canliin
Joo Slestazal 3l 1) (e ele Jlow (glacys gioee oS das 0
s & adlyy Bl Gl oledbl L e e el
FEE5 5 Fowle i) e 5 Sl psle S 55 (G5l sesT
Oy 43,13 Ol & by o Sle b 0 oo L (6 iy Sl 5 3L e
& i 53V (5LT (gl e ale s 8 et ol 1 eslizal S0
bl Jibi () (5557 Slaeseh )l e Johod (2 glao g
S5 (ol glaeslo L) slal (2S5 ol ) poalie ogd @ o
Lol il 35 2 cmlin Slzel 5 55051 5 A led o ¢SS anlllan 3 ) 4o
Bl ol Sen b3 sutoms ] 45T bl g0 55 a5 sdoms (1)1
ey s gdons ol 3 pdm 0355 Waosls glo ) sbul 4 oS olaws

J‘ u\.::)l.:ﬁ

ARMA




oL o sl Lt

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

s s o 0l K, 815 sle la SKowan 8 bokea
S YU Gl Konses .ol Hlay 5 oYU LI 0Kl o bls )
STl i e 4B o iw o 4kl 0 I 4 Cote
8 il plomal 583 OLES o 5 sl lalinn SV g o DL |
ol bl 6K, S5 el sl Saen ol Y15
A om Bl s ke @) SV o el Saen Kb 5 S
(e (la Sturen 31 (S 5k 5355 oo o SV 5 b 11 5
(Gl SV o S e sl by saasOlid aS7 Wpd oo Al
T sy S 2y S e gla e s

AT (bl 888 55 SV 51 plaS ja Coanl 4 glaws gl
Dl bl 53 358 ealinel aSd y S e sla el 1B el LS
w3 S i 53 5l 3 g0 3 5 plonmal ¢ (SO5 5 ety Calibee el
S b g o Jgltr 55 SV 51 plST a6l 6T alae 5 Lo
Llodd
om Bl 53 OT (i 5 08 o bUl Caanl 4 Sty el
335k Sibe sb 4o 8 a ok 4 als o)Ll alies (glae &
Iy OT U 51487 psboben 15,8 oo 515 K8 6.8 55 o (BLo)) os
e o OLES |y Calbes (bo S o 055 oly (s Lol ol
JS 53 6t S sl 28 (sl 2t OT Cai Ol g 457 (glo 5
o2 L S s I ae 8l o sl adge Sl
Gloeo3 ¥ 51 o 53 isd o e K 55 (Sl pse S Ll

g;-w‘ O-L:l 45‘)‘ ‘u\.;)'b \) CM»'" )‘_,\_Z.Aw - S )g}'.’. ..:.-.6

o 3lARo (9 gl b Sl 037 Jouer

S Y1 opled )

yow gnIA Vs,
A qra Yo,
A¥ qre ¥,
AY 04A ¥ as,
AY g% b4,
VA gra 5o,
v qyy Y,
v vy A s,
o v 4,
vy gy Vo a5,

AR

S ey S e 0503T SV e byl S 2
ils s ool G Sy SIS s 5 S e b
ol Aal g a s T @ oS

B 0L (6,5 53 o ook o3 Do slast ) gate) Ladly Calnss .|
S e 33 o S Zodl Stnen ool i 53 o lsline LS
sl o ey (JU) ot & 505 0 w2 0 0T @ 4K Slosl s
O:eL.f‘)b—Jf—jrv\ﬁcéj‘.))ﬁ-jbl.;)\}ba‘&KMbdow
el Ty Slsbine Lol OIS sias OLES iz 93

Syrseshie joski o 8 53 b sl zig LUl lar 2 (0
kil G0 L s 4 a el Hlaliae BLISH las 4 Lol L
el 7S lsbime bl ok

5 s Al das o DL 1 ba ke o B 51 g L &5
Sline 4 el 30,5 K, 5l o S oy lsline Coe BLo ) szas OLis
el I3l e LLS |

WBlas § gl 31 S e 55 &S dmes e S (65 0 slee S (5
L,8 o sl Dbl s S b e S el slae S
23y 55 e S i3, pe iAo i (sl 0 eslizd o2, S
p ) f S S

b ol BT o YU Lyl e olts KaK b e 8 Slees (G
o e b LU (Sline 4 YL OIS 55 el Aol ole
558 o0 oslizal obdw s b a8 I F Sny ol 5ol T
(Y8 O 5 S1e)

Mwu!ﬁQwﬁqpo}ejTQ}'léawblﬁ)!@m.\ I
@)5{'}5

A A e €60 L em e L0 RFC(A) gy 1




\Fee (jéﬂ)}:g‘\-g:a\"“n)ug"' A)}J‘&WU)(}L&MUDJ

oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

IS Lo g o 11 p s 4 gl Bge oly S5 ske @ kit o

Aol g 5L gsii%-’ Sldie oS e SV 5w (Y

S0P slNEo oy gl b 15w 08 8 Jou

Ry Y5 ol a)
/NArad gy Y a5,
AL gsa Y4,
ARy qrv ¥ s,
/N8 YY g3A ¥4,
o+ + \AADF q ¥4 B ady
/2 AAAYS gy § 45,
OV gy Voas,
RRRVAZVN gra Aas,
«/+ \AYA® qsv 4 45,
«/++YAVVA gf) Ve as,

SR F e oy 5ieS b Sl 05.0 Jguer

Y Y 0leds 45,
o[+ AVYYA qrs WY 45,
YAAAt4 g4 WY 45,
o/ AVNFF gro WY 45,
VY EY gyvy WWE 45,
[+ N FAAY grv WO 45,
o/ aVYe go VY5 a5,
/P gA WY a5,
/v \OAYF gy VYA 45,
/v \OAYF gs Y4 43,
/v \OAY gra VP 4,

S Liea SYI5a YA 57 FFD XY A AYF XD QX OY e

ﬂu5|4§§,~;“U@;\Q‘mg.ﬂ&\..ujtgt)ugsblma;s
YQ%&\,\;SJYI% b goe Lol i m}..f«saéf); Y
)‘v\}.ﬂ J‘f.) )‘J‘}A.; BL 'U‘"ipﬂj MbuﬂﬁYL é;}’ LS\)‘: Ll
a.\.ﬁzo;!;QL&jAJaﬁfﬂslia;-uflﬁju&Lij;J\w@

el

o SV s 3 S e SV Y s s S5 Y5
T ey SV ol Bl S5s3I 0L S
e,<id\}e.ﬂﬁJ&L?aT;t.;J\K@QV\;.Nf&,.:@,p(t?m;\jb
IS 6,55 e Al o o YL gl S sy o 1y 2
b A5l 5 o S g o3 Ko Sl 4 dias Ol 3 1, ol s
o 3 sl e L T o Bl s e oS 2 S w15
3 g oo odalie YU

S DI (g3 08" b JlGw 08 .Y Jous

S Y5 05le 455
) qrv W74) agy
o q)# WY 43,
e qv WY 4,
e qive VWF 43,
Yy qe WO 43,
Y qro WP 4,
A gA WY 4,
v qra VA 43,
) qs 4 4
¥ qv VP4,

S Sl Sre S Vg K 53 ¥y gl 8
AUV ol O ke ks 553 b S e 15 iph e
ool (o VY s b Ol i 40 L5516 DWW om0 5057 53 (63L5
8,5t 28 0T Sl gy 5l Yl sl 51 Codi 3l iy o5
S SV syl 4 S S &1 05057 s

Do 4 655 08 S & Sl ol Sy (S35 sl
445 das o Ol (35 (el ol DLl 53 1o 8 e b iins
s Ll SV 5w (s i (S5 OVl ST Lo b
bl 4 el S Y15 a1 OV pliST Aol ez
ol SV 51 5 8 s 0250087 s Gl

o3 £ (FY 5 HV M ONY AP (P4 A TV 4 DA Y
Ol w515 oo Jlge 05 ol sl o VU (s lie b g
q.wbawﬁo,\;sl}:@afx,:l{;;wﬁo-a‘w}g\&f.
o35 e b SV s candllas s 08 ASTES 5 W s O

Ve dar ple S s esgie olp o OBl YL

VVFY




oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

Pl slade oy g8 b Jl5w 00.Y Jouo

¢S SV 0l 4,
YO/YVE gro WY 45,
YO/Y\FEF gyy: Y 45,
YE/$FYAS g WY oS,
YE/O NS qy \YF a5,
YV qe Y 43,
YY/NAYVA qo Y as,
YAAAY 8 gA YWY 45,
\WViaanas qrA YA 45,
Y1/OAAYE qs Y4 a3,
YA/YASY ar VP ag,

Pl Sl 20 ¥ Y+ T Y 4B A A Y Ve
ol el a3 5 gn allst o e LUl oyl 3 o s lonT 5155 1,
Aol DY Lo b Cand e LLI1 OV
A bl sy 5l 350 ST e ls pler el
Wile) Ll 035 b sladl & Gloj K s 85T gl 8
e skt 5 e Sladl o B Sl 3V e ny a5 3 50
oaFle pl Oda (55 e slaesls sl OO e g LB
(cumulative influence) eas 56 5 IS Syl 5 Conle iomin
Lo S 285 4y el ol oS 555 0 sl opl by 5 AL oo 4K 0953
Asl als o)Ll s 30 5 oMY csledleb 55 6T 5T sl

(Y \$ ‘dxu S c_,ll:.e c&:.g)))

SRS 8390 Wb o (y3 gt b OY 130 A J9u
Szt 5 40 5T S ot )
FIAYVEAYSY g4o Va3,
F/FAY QYT gy V a5y
F/FOIAVASS gaA ¥ a3,
F/FYSEEIAY qy# 7 gy
FIYFAZOVAY gos BOlasly
F/11414YAA qry 2 agy
/24 \WAAND go- Y43l
Y/AV+ EFYAA qr¥ Aas,
FVAFAFSA gov 2 gy
Y/OF 1YY grA Veoas,

VVFY

cor=0.78

2 ° ¢
2 | ° °
[e=} -]
= (-] o ° L]
= o a &% °

: o, B LFAE®  °
=) o ©_ "8°°° o o
o ° ¢ ®®
=3 o8 o&& o

2 o ;3 @ o %
3 - o sbeao
E OD&E
=l ©
o
o
© o
(=)
2 oo
T T T T
20 60 80 100

bt

polie TSy 9 Cuwiw § SO0 Sl e (Snd 5l YIS

WLL;)\Q).@@{;)I“?,?&,MC\;M;Ji»;ubu
gommn o li ol Lol Bld 4y sls 0Ll lae 8 la s § e
LUyl o gTlas ool plubilyoS o il (Glae i) 05

AS e eie Sl

Pl 5o g sl b J13w 08 .1 Jou>

Szl Vg o lads )
\VAAtard gy\A \ 45,
¥ /PN gra Y 43,
¥ /FVEY gyio Y a3,
YArattd qs- f s,
¥ /FYOAS gy b 43,
¥/ aFVa qry % a5,
¥/ BVrY gy Va3,
Y4/4VFYa qrv Aas,
YA/VFOFA qer q 43,
Y4/5000A gF) Veoas,

03 S 5 4{?\ S PV Y VY O AREFARTANA SWARVN CJY\}«

rgwbu,“s:,g;g.x)bbr&x_ﬂ\,lmd%Smgg.ﬂ

gt ol 639 oy i o Sike )0 4 Y Gl b OV !
SEE Gl Saen Glae Sl ldhe Ol aoiies LI

S0 Csatl DLl 3l | > el &S5, ST 5

A A e €60 el L 0 AF(A) Loy W




\Fee (ﬁa)ﬁh‘\"‘n)ud' n,,;4‘_5\>‘-\;:$l,)pl:—uuL~J

oL o sl Lt

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

2l Sl 1) 2B o S S Sledleb 5 4S5 s, s Sobe

u\a‘)lJQY‘}w
L5 45 2SIl el IS o) s 0 SV (3 B0 A
s e 5 bnviewer , bnlearn Sl Ble s slaais | oslezwl LHC
OT 383 gy p Ol (IS (GLb (sl eSaliy s 4l ol oS o ouiT
".:nﬂ‘,: U’-’-J:f .,\9|‘,§ wb‘f«&z L?:.'a._‘)b .JJ‘J} 66‘)‘.'\.3.) LL’J‘J\)
o.\ALi..n&7&);L;)jayvu‘qzdlj\;hd\i‘}g:w@@\aﬁ
o2 S bl et Y SV 53 4 ol S50 05Y 3 5 o
5 S LB B Loy ok o5 el e S WS e
-.U\,:daib}ﬁ&,,:.xmowbowz\}vﬂaﬁﬁaw;ﬂqw
S AS o etia Jolea AS o esiely Calibee OV G g4 3
tl B S T sl e (VI b Sl Ji 2 ca s
—J.Sb:dzb)‘L;‘ou\ijﬁjjﬁw‘&fxcﬂ\f)‘oJW‘Lﬁ_}«dj

S sb g 03l OLis OV jw I sl (5 3

Mhﬁjl}w o:Y’/\ij P O XY B2 NP QAN ] QD QY\}»‘

SRSl 3590 Wb e oy yes” b IYIGw A Jeue

Sl s pe 5T Y 5 o ylets )
qr WY a3, ) ety
gyne WY a5, Yag,
giyo WY a3, a3,
qivry WY a5, ¥as,
qrv YO a5,y 0as,
qaf W a3, % 43,
qre WY a5, Vs,
gAs WA 43, A s,
qr: Y4 a5, a5,
qvo VP4, Veoas,

IO G?‘Yl}w"' YO YO AYY FP QF Y AL P YD Q‘Y\}w

O w0901 SV MG oo BT (92 3 A0 1 iy g iFyp £ JCH

YVFY




oL 5 sl Lsb

14 glaosls ow 1 oalizal b (ouedSSH SW G135 0 9037 amiwOls) sl S 55 (oo

Olge a4 Opa)T Calibee SV Jlo)y SlaisesT 3 el n iz
ot Sy lelid S (5 I8 S Al e alie (sl i
Olg oo BaSs ol 5 d-separation iy, bl ol 1y SV
o e s 3 Jb e T Cas 1y (b s Il laeyl B
Db b Dol gl JU e et Slay s 0L s Sl e
ssbte 4y olie SNl Calises slae § o skt (ol ot
OV 3 Bl A2 s oo &yl dsliion ; OV jn (ol gimn Judoes
SNV (5553 5 (S35 33,37 o2l 315 16T 51 (6 2 &5 il 5 oo
Sloe sl Sl o3linel 38T o ol Blod & Ol ) RS
3515 onlinl SV 30 0387y 53 (6 by S OIS & iy e
7o MelS Oy g 5 SV s LI s 5L OT G b 51015 o
S ol 515 gad &yl eSS ) gams 1y (6305 DleMb 5 3 505 (6 o
Gl 3l Ul Ames Dosbee bl S Glaggs
Vo ol 51 3 &5 53 4 (S5 40 5 (SIS (sl Soes
b o 53 WS = sl o258 51 eslizal sy Calssue
2 oo 0T 53 8 350 e (BI5 4 Cliee SV o LS|
sl sl dadl jld Canl jlsliae Calies SV Jool b 4SS
VI o 53 Al 5 oo 5o odkd S claad 5 g bl caids
55T oal 5 gdn 53 gldb 55 Jilas 1 bn Ol 5 o 5 ezl
23 gy Ollllae 558 4 015 0 B s3 Sy 5 dhex ]
5 R 3um 85 03 (omslb plie OB Wi ) § g g b LS|
o ol ol OWSie 5 oyl il 5 SV ) s s (65l 55

35 0ylal ol a1 SIS 5y 6K 5 4y by e ST A0
Sl 5 b el b aslie LB YL ool 8 5l okeT oy s
Soslitu )b bgn Il Juboos gy Sl iy G b Sl ool St
s ale eSS 5 (6 8 e 510l Gl Jl 5 SIS S
OLile Jsre 4 4 5 s 235 00 slomd 4 I g Jubodd s o S35
54 lte Slalllas plnil 0151 55 (@5LwO 5051 355 )3 S ole
s ol el OV LS lie jshte 4 ol tass
ol a8 amiilsy Gla S5 b clai gloosls Jubows 51 o >

s gty AT o Sy SIS 5 s o Sl0 5

VVFY

Ve g s .Sl VY0 5 A &0 SN G s OA g K5l s
OV ST 65— Wiy e opl 5o .Sl DA 5 AR Y5 55 9
e L5 a5 Sl llly OA Jlgw e Olgea 555 o0 edein
5OA SV 50 A Jl s g (el OA 13w 70 Jl o 15 s (6,505
NP ONY SV WYY Ui pits Wl 55 et 4 5 ol P
ol s JU L eSHTYAY 50 S 1F0 ghyls dde ol dzsl oo YF
em4§|)\Jijpd.u¢\.,4;=:u,ib.x|a.uTcw.\iHC‘..:iuiittia.f

sl

nodes: 140
arcs: 392
undirected arcs: 0
directed arcs: 392
average markov blanket size: 9.37
average neighbourhood size: 5.60
average branching factor: 2.80

learning algorithm: Hill-Climbing

score: BIC (disc.)
penalization coefficient: 3.674937
tests used in the learning procedure: 1432673
optimized: TRUE
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