Chulalongkorn University

Chula Digital Collections

Chulalongkorn University Theses and Dissertations (Chula ETD)

2020

ﬂﬁﬁﬁmuﬂTUﬁuﬂﬁULuwﬁzuﬂﬂﬂlﬁﬂﬁqLﬂ%UﬂﬂﬁﬁﬂﬁﬁuuuuLH%ﬂdﬂﬂUﬂqﬂiTmﬂ
1838 TnuIn150anLuu5 11

TU9ANE FANAT
Ail=ATATART

Follow this and additional works at: https://digital.car.chula.ac.th/chulaetd

b Part of the Educational Assessment, Evaluation, and Research Commons

Recommended Citation

EnaT, TusAnA, "n158en Tosungulaw = yara L Bodd LaSun19n1iSunvu L ASouadAg Tavl 638 nuin1soannoug1y”
(2020). Chulalongkorn University Theses and Dissertations (Chula ETD). 3711.
https://digital.car.chula.ac.th/chulaetd/3711

This Thesis is brought to you for free and open access by Chula Digital Collections. It has been accepted for
inclusion in Chulalongkorn University Theses and Dissertations (Chula ETD) by an authorized administrator of
Chula Digital Collections. For more information, please contact ChulaDC@car.chula.ac.th.


https://digital.car.chula.ac.th/
https://digital.car.chula.ac.th/chulaetd
https://digital.car.chula.ac.th/chulaetd?utm_source=digital.car.chula.ac.th%2Fchulaetd%2F3711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/796?utm_source=digital.car.chula.ac.th%2Fchulaetd%2F3711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digital.car.chula.ac.th/chulaetd/3711?utm_source=digital.car.chula.ac.th%2Fchulaetd%2F3711&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ChulaDC@car.chula.ac.th

nsmLlUsLNTLRNNZYARALDAUATINTYINITELUUIATYIEURIAT

TnglI5IneIN19e8NLUUI I

£ v

W IYIANA gana

3%81ﬁwu§5ﬂud’awﬁwmﬂ'1ﬁﬂmmﬂwé’ﬂqmsﬂ%@@mqmamqwﬁﬁ’mﬁm
fUMNYVITINYINTINLNIANY N1ATIYITBLALININEINTANK
AMEATATANS PWIAINTUUNTINGIRY
Unsfnu 2563

AUAVISURIPIAINTUM TN



DEVELOPMENT OF CUSTOMIZED PROGRAMS FOR SUPPORTING TEACHERS’
NETWORKED RESEARCH USING CO-DESIGN METHODOLOGY

Mr. Watcharasak Sudla

A Dissertation Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy in Educational Research Methodology
Department of Educational Research and Psychology
FACULTY OF EDUCATION
Chulalongkorn University
Academic Year 2020

Copyright of Chulalongkorn University



WteIneinug nsaLIlUsLNsURNITYARaLeALESNN1SYINIRY

wuunIeYnevesnsingldising n1sesnuuusu

1oe wigTrsdnd anudn

GRURPRY WM TIYNSAN
91sETUI N AIneiinugndn 919138 A3 genll Asudauds
913ETUI N AIneiinussam AERI19158 A5.8338 T993160Y

AMYATANENS PaINIalNVTINends audRliiuInerinusatuilidudiuniaves
NsANwIMUraNgnsUTYaInIMansnul Undin
_____________________________________________________________________________ AURAAMEATAENS

(5991871513758 A3.ASAY a7

AMENISUNTADUINYTNUS
UsesI1UNTIUNIT

919159NUSNYINYTANUS AN

el =2 a a ¢
9115UNUINWIINYTUNUTIIN

_____________________________________________________________________________ NIIUANT
(599187513158 AT.A9NUA LATITATA)
_____________________________________________________________________________ NITUANT
(599AN@7513758 AF.35500 UNLNA)

NITUANT

NITUNITANYUDNURIINE L

6 ao

(Pnans1asdininn as.udnwal 35uTe)



Syshini qavien : miﬁwuﬂﬂﬂmimLawwqaﬂal,ﬁ'adqLﬁ%mmw‘fﬁﬁaLLUULﬂ%aﬂhﬂwamﬂm81%3’%3V|ﬂ7ﬂﬁaanl,t.uu
573, ( DEVELOPMENT OF CUSTOMIZED PROGRAMS FOR SUPPORTING TEACHERS’ NETWORKED RESEARCH

USING CO-DESIGN METHODOLOGY) a.71Usnwudn : o. as.venil Asudaud®, 8. ausnwsaw : f. asgiva Jeandly

mvelusindtninnisimdnniseenuuusmanldiieduaiun1sidenuuins st eaiinyse snaveInITIveves
azlsl msnzn1sesnuuusatielilanadnsinevaussroauissnisiwduvesiiiertes n1sidensilfeenuuuiiie 1) Waun
luman1sinuasiasesdlodnnisesnuuusinlunside uasnsidbuuunioties 2) InTeidvdnaseninlaseainisiiduvens
Aldn1seenuuusa sziuaudureImsiTeuuuesedis wasnandnn1side waz 3) senuwuukaziaulusunsuanizyanaLie
duasumsviidowvuinieievesns luduwsn 1B sduaseiienansiieiaunlunanmsinuazinsesdloinnsesnuuusmuuay
MTITBUUULATETNY TUABLN ATIVADUANNFURUSTENINLATIASINTOONLUUII ATUTNTDINITINBUUUIASOUNY LASNANAR

PV < % 4 A o o & a vy - v a P

M339y fensiiusvTndeyadnnasesdonvvasunuiimuidu Inefiflvideyafe Ay 288 Au Juimsaniufinwl 62 au

aa o

Fnwdnad 74 AU uazenasdumIngds 61 au lngldadfidiussetsuasmsinseinsetieding 910t nannsIATIER

av )

anuduiusinanuildluniseenuuulvsunsuanizyaraiieduaiunsidenldninniseenuuusiudmiuag nanmsideniddey

%

N

2D

Zhe

a

1) Tupanmsiasuusnisiidelagldnsosnuuuimuaz nsideuuuiaionie 3 4 ssrdszneude drsratym dew
Hyw asilomun uasUsvifiuasiouna nansninasuanunsnduiamlinaiiufanelaidesaniadesiiofiamuit
Usznaushetesemsinssuniseenuuusiinuldanuszaunsallumsividossminaguazifeades 2) Inssadanisinide
wuulAIeteszinnguasifsatesduunls 7 sUnuu 1iud qaudongn (25.38%) lavideidunss (32.31%) filnniau (18.46%)
Fullsl (4.629%) 29 (1.509%) waw (10.77%) uaglaifigusne (6.92%) ludotemani Inssasamsidouvunaniisyduveaniseonuuy
$amgaiian (COD = 819) vaurilassadruuulsiisusiedszduamuduremsifouvuiniotiogaiian (VR = 769) uanaini
Trssadamaiteuuugaidougaiiulassaduiiifsssdurasmsesniuusmuazsy fuaruiduvesnsidouuuedetnesiiian (cop
= 159 uag SNR = .030) 3) Agislsvduniseenuuusalunisifoeglussdugs fdudaerlindouvueiereldesatuudanniu
(r = 582, p < 001) #tsil AgATtszduNTEENUUUTIGMAESAITITasN T SouUeTetegsldnanann1sidogeiian W = 8.41,
SD = 3.67) eglsfiny agiiiiszfureimsesnuuusmuazsinNutveIsIauuuIIeteunnsaty wvilildnandnnsided
LANANAY (BF,, = 29.94, A2, 263) = 3.10, p = .047) uaz 4) T:dil,miuLawwzqﬂﬂaﬁﬁwm%ﬂuﬂ%&ﬁﬁijamaﬁs 2 dau dud 1
yonvuUsziiudielisuundnunrsssugRnsinidevesag uasdwd 2 uuamamsduaiumsinidouuiedetnevesngiiuns
T¥nseenuuusimdudumidlunisiinu wanismaaedilusunsamui fléfianudnmiuindelusunsuuazlideiauanuzune

Usznmslumsusudsaiamniusunsuluewan

AUV Fmen1sidensanw AUTDTOTERN oo
YnsAnw 2563 931970 B.AUSAYIWAN oo

A o a = '
AN8UBYD D.NUINYITI v



# # 6184238727 : MAJOR EDUCATIONAL RESEARCH METHODOLOGY

KEYWORD: Co-design, Networked Research, Social Network Analysis, Teacher Research
Watcharasak Sudla : DEVELOPMENT OF CUSTOMIZED PROGRAMS FOR SUPPORTING TEACHERS’ NETWORKED RESEARCH
USING CO-DESIGN METHODOLOGY. Advisor: CHAYUT PIROMSOMBAT, Ph.D. Co-advisor: Prof. SUWIMON WONGWANICH,
Ph.D.

Previous studies have suggested that employing co-design, a collaborative work satisfying its stakeholders’ needs, to
enhance teachers' networked research might increase research effectiveness. Keeping that in mind, this study was designed to 1)
develop the measurement model and instrument used for measuring co-design and networked research; 2) analyze the association
between the co-design structures, the strengths of networked research, and teachers’ research productivity; and 3) design and
develop customized programs for supporting teachers' networked research. First, a measurement model and its questionnaire for
measuring co-design and networked research were developed using a documentary synthesis. Next, data from 288 teachers, 62
school administrators, 74 supervisors, and 61 university researchers who completed the questionnaire were analyzed by means of
descriptive and social network analysis to examine associations between their co-design structures, strength of networked research,
and research productivity. Based on the association results, customized programs were designed and developed to support teachers’

co-designed research. The key findings are as follows:

1) The measurement model for measuring the structure of co-design and networked research consists of four
dimensions: Discovering, Defining, Developing, and Evaluating. Giving a satisfactory level of content validity, the developed
questionnaire with 18 matched dichotomous items covers a variety of co-design activities usually found in all stakeholders’ research
life; 2) The structures of teachers’ networked research with other stakeholders were classified into seven patterns: point-to-point
(25.38%), chain (32.31%), star (18.46%), tree (4.62%), circle (1.54%), hybrid (10.77%), and unstructured (6.92%). Among these, the
hybrid networks had the highest degree of co-design (COD = .819), while the unstructured networks were the strongest ones in terms
of networked research (SNR = .769). In addition, the point-to-point networks were the weakest ones (COD = .159 and SNR = .034); 3)
Teachers with a higher degree of co-design seem to make their networked research stronger (r = .582, p < .001). Teachers with high
levels of co-design and networked research also had the highest research productivity (M = 8.41, SD = 3.67). However, with different
degrees of co-design, teachers contributed to their research network’s productivity differently due to the network strength (B8F,, =
29.94, F(2, 263) = 3.10, p = .047); and 4) The customized programs developed in this study had two components: (a) a set of
assessment tools to classify teachers’ research style, and (b) a guideline to enhance teachers to make networked research with co-
design a part of their life. The usability test process revealed that users had positive feelings about the programs. Recommendations

for future development of the program were generated from the users’ feedback.

Field of Study: Educational Research Methodology Student's Signature .........cccecvenenennee
Academic Year: 2020 Advisor's Signature .........cocveveenennns

Co-advisor's Signature ...
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n19338aNnvaulAnIsAnwanIzaslulsussudiindrinauanenIsuns
nsfneduiiugiu (ang) mnzduniunlsadouanufnuvesgitinsdaaialiiag

<9

0 a v = o = Yo va ] 1A = Y] 1 1 P A 1
ﬂ’]i‘Vl'T]ﬁ]EJLW@WGNH']ﬂ’ﬁLi?JUiI‘ViﬂUQL??J‘L!GNLLW@@WQHOQ%%@UU@EJ'NG]’EJL‘H’EJ\T haznoLUy



WaneddglunisiauinuaimaziazynaInimensinwninisssyenliog 19daau

(FInuAMENITUNITNITANYITUNUFIY, 2563) Uan Nt N15378ASTESefinwIN15¥n

9

[

Hevesnglulsaseuadn aelddainuninededg o Wesanduagluusunaldsunis

=

afuayulun1siideiieiauinisiseunisasuniaudursudguiloeuiuasdeing
V] 9NYALTIUYDINTTIVETFANYIANINNITEONLUUTIN NITVITURUULATEUE kA HRIU

Tsunsuduasum luusunvesas nMseenuuumsideluaselidadveuwnlunisdnuilaseaing

[y

nsviMdevesnsivgifeites nanmAenguidmingluasiiiuseneumens waznguyanail

Uduiusluseninanisyinidevesas loun uarauenan udne Useneumiefnuidmen

1Y Y v a

919138un1Ineae WnITeuarinivinis uaryaaatuaniudnw laun dumsaniudng
\esannyaramaidunuimAsutasudalunisiasundslunsinideliiuauasinadaiu

A3 (&iua 109210lY, 2559)

1 [

15998 UATIUTL TN AN WIENINNNTEBALUUTIN NISYTNIFYWUULASOUNY WAy

' '
a Y oa

Wonunlusunsudaaasua neladannasiin n1svindvenildinendeanaiadigazlelile

54

nananTiiuNaLI9INNSEUIUMSTNU A uRNTUlf NI ITeifissauLRen (Cobb
et al,, 2013; Penuel et al., 2007; Rexfelt et al., 2011; Ribes-Giner et al., 2016; Salonen et
al, 2019; Westbroek et al,, 2019) faud31AFALATULUUNITVI9U (working style) du

AVIUYOURNIZYAAANANN (1 YBUVNITUALLGE?)

wananil nsialUsunsuluaselinisafafausunagiunnsdaiy Sejaimun

A v L% (% a

lsunsudaasuunnimileguuuuiieiaen uiusssuriuazlas9a319n159euYesngi

[

LANANUAIY Fegoasuiuuszinuidenysimuilysunsuanizyanafiszdoduasunisyi

o a

WeuuAToU1EveIng e “anzuana” Tunsinwiasidilinefanisdaasuliiu

1 = ! A =) o PN b =® o v A v
AITYAU LRITUUTYAN ﬂﬁjuﬂzmmiﬂilwaﬁiagﬂLLUUIUﬂ']iVI’]Q']UVIﬂa’]EJﬂa\mu DUNAN BEUS

[ ! a [y a o & A owm v 2/ o ! a v
Junguanizyana Tuvazifeady n153deasaillulagadunsilusunsunisadaaius uld

]
=

fuagedrnfugUsuuIuniIzmiulssansnaludmandnnisidendaau widuiiies
msdnvhdeiauslusunsuiiinisnaaesddiuagiefivtoyaunazviouiieysuusalusunsuy
AANNRANUYBIAANE Ay TuIUITY

N1598NUUUIIN (co-design) 1MN8fa NSyUIUNTINULUUT T e iaeviaulviiviui
Uduiusuuvaeanesenitdifetesivainvaie lngdnszuiun1svinnuiaseunqy

nsdrsaliu nstinudgn nsastionmul wazn1sUssiliuazouna



N13398UUULIATRYNY (networked research) vunefls MITedNgITomange

drnvieusiuneldvssinudyuidefedu gdnsiuddmsiuluniseeniuunisive

o o

nsdeans NMsdud1vemwanu N1sdunszRuseiud1fyeIniside aundninisdaussy
AUENNNTANIUNITITB VRS LA AU

AMULTUVDINITIFYRUULATIVIY NUIBDY TTAUAIUNUIMUUTDIUHFNNUTIY

¥ = o a

N33 sEnINAgLazEingITee nTzUIUMTIIduaEieuiaduILTeaNTnlunIaUY

Y

WardANUAINVAIENNINaT wazluduiusiinTusEnIaunuIMUesaNnngs

av ada [y LY

n15vin3delagldnisaanuwuudau waneds nszuIunITenlssauujdunusaeni

AnTusznintaguarineadeslunisnisinideas nszviunsiideasyieuliiuisaiy
NANTAENDANRIULAL UNUIMNVBIANTN
TUsUATIRNIZYAAALNHILETUNISHIIILUUULATIUI8 VDIAF NUNED B
a U Avaou o 1 & 9 A a a )
weUnAiatungideiauniu lngilenvedusinsuusenausiginsesiloUssiliunnanuny
nviidelagldnisesnwuusiuveny wasalleMdunwinuasisnislunisaniunisie

Y

AUATUAITVINITULUULATOUINUDIAT N1DILUIAATBINITIINIUAINNENNITVOINITOOALUY

Y

973 VIRALRIUTENOUMIL A TAUNATNATNUL UNAI NS UASDIANUAILSISUT IR LATIAS

Y Y

N3N veIATIkANA9 Y

Useloniiitlfisuannnsade

Uselovlldedganig

1. meitendsildesdauilunsianaiosfiotasulsnsinitevesnslngld
mMseenuuuTin fidunsiuwuafninnisesnuuukuuidIusiu (participatory desien) Tu
mansaun1sesniuuiyszendliluusummnanising nen1sideluednlilaniunisin
Tssafauasufduiusseviyaaalunssuiunisngueliesnaudnuntn wiesdetas
Hudsylovidmivinideiedluldiasedunsideiidsansiaumuiuifanisesnuuy
2 waznsinsyduanudvesmiteuuuiaietsluasuaziierdes ieitesos on
AudLSsEUIuUTIY 9 Mezfumsveiesdnmiiuisineinmseenuuususely

Tuauas

[
[

2. MITeastildigvegesranuiiunsussendldmaiianisiiassiiaseviediny

F2AUNTIATIZHFILUTUS 0 UTELAUNIAYIT09AUNITERNL UV TAgn1TAN YLD IATIEI

[

wanvedirnluviunvesiveluedndilddosnunisliaudfgdunisiufduiussening



10

yaratupsatiewuvaamunwilatn lurazifieaiy wuifnvedniseaniuusaududy
wUsiuansiianszuaunsviauseninsifededununmensine MusfiauuiAnnis
DONLULIINISANYINUNSANTYaAFATeBsnmamiludanlg)

3. mafnwiafaillduinnssuiiulusunsunsdaaiumeiidoresas fioonuuuin
lawzAsidsssuMATesMshauanssiy Snimmsiiauleasaidunuuvestusunsy
ldlunsidedeseniiedaasulringiidesufuiiferdosasfnuussaninaveanisly
Tsunsulussezeny

Uszlougauqun

1. Waunsufiiaunduanmsideedsiifuusslonirensuasfuimsaniufne s

n1sldlusunsunisdaasus agaelvasiilenialunisiseusinatianisvinidewuuaieyiy

[y v 1

melansvinuswiugineites waztigliguimslawuimeiasiigadvayuliagvinide

=3

17
= (Y

Sufugiieiteiaegiiussdnsam Fawainduiiasdrglienidvesasiivssansnais
TudUSuNLaELTIRUN INTLTY

2. WANUNNITAN®YT @DNTUNISANYI AL NUILIIUNLNEIVIAIUISAUNLUS AU

1%
=

Waundulldluntsdaasunisinidevesasludnvasinsovie wWamulenialviajuas

NYITDEINUNITAINTEAUAMAINYBINITIVY TIELNUNANTAVRINITIVY wavIvdeLasy

ey

NSAUININATLA
Uszlevuidaulaung
nITeailaasaunailasainisyiidevesaguuulaiagdevi A anangs
15998 wardseAuAULTLYIN1TATe NI T uLAS av 1 aiNTY aztdulselemidmsy
pURgUAUUlguIegnIean1sanyI nazdn lUTE9mY BSanruaulauleNaslvanasy
v 0 a v A 1 gj e’r-:ll o 1 a wva A 1 a
nsLINIsIITekuuAIeYevesasslusunagnsiazin lugnsuiua vienisdaesy

=

lngsinassninensimuzandamiun1sinidevesas Feasdiliasaunsaiiidenigla
AN VRIAEITEY TIAEFIUNANTIAULAIUNTTITY ALETUNITSUU TP VUV TN
wagn1simuIAnennvedieuiidunauinnanusiudiosundamnanis@nu gy

AR



P
Unn 2
a o nl' nl' 1%
LDNEAITLASINUAIYNLNYIUDY
AN5I8LUULATEU8 LI U ALAAIEATIAUNITOBNKUUIIN N1IFENTNTITWUIARA
mseenuuuTIndugarinlunssuiunsieuiasdulselovivagiiaglinaninn153de
PNWNSANTLANTY Unilazlrsneazdenvasuluimine@e1useni1si79au TuvusLRediy

M9eluaTalldn1sAs1E AT e eEIRY NHARaLelUNITIASIZITLATIAS 19T AN YALY

9 q

[

Uduiusseninayana tialvlaaisauneierfuaninyein1sITouuuAIavIswasnis
URVUBBNLUUTINSENINATHAEHNEBY Tayanliannnsinseasuselevilunis
aa | A a o DY) ° & o ea a P a o o Ja
pankUUISN1sdLESUNTITeIniuas nsuauetlevuluriminiieivesunisidensellll
Msdaunzvdenn nanns tunsuuazauideluefinnnuatsunasiiazinludgnisiamuniy
a a o 1 o v o‘t:ll a o [ d' <@ % 1
ASAULUIAANISITY LABLUINISU AU UTUNALNLTIUN15ITe0 N U UFUSZAY bawkn
1) WluiAIUeIN1SIVYWUULASEUE 2) UIUTIFLYINITRNLUUTIN 3) NS IHASIEMATDUNY

Y

AU kAT 4) NTOULUIAAYDINITIRY S18aziRenwrazIiitalineraluil

1. ulwiiAdvaensideuuuLaTaTng

mMiTeuvuiA3etne Wunszuunsuamenesdnmlmifdidunisdueiedie
AornefindnfituiieadoymmosmanrmAnngiiedesimansine viediaulddan
A (stakeholders) fionauduldfausisziuyana a1ty aadns auflsseduuumnd ludd
AU iey sEAUANYULEYDINITIY Qmmwﬁﬁwﬂa%ﬂiz%m%mamaqmﬁé‘]’mwu

[

wseU18 ToRkardeinin wavanmiagiuvenisidenuuinsetievedive sieasdeniinall

1.1 fl9111999N15338UUULATRUY
aw A = av aa o v & A =
NT398UUULATEYNY (networked research) 38 MTITeNInsviiuluinIevie 4
sysumAdunisidewuusiuiie (collaborative research) WUUNTATIAANIINNITTINNGUVDY
1nide Undwniswsediiedesnaulavszaulagwifeddu nansiivansdauluimineaiu
n173degUnuuidamulaliuinin wasdelaiideasumuiionnluseduaina naainnisdnu
anwagkazdinlsenavludenuludagiuladuundnyusenvein1sidouuuniadiy
sonuassanvaz loun doulu@enszuiunis waslowludmnudnduidesinidowuy

wseve deuusiasdnvuzasulanedauudsil



12

femdnungisn Wudenludinszuiunsiide dnivnsnguilvienumaiedy
n1533BuuuIAeT1e nued nseun1saniun1side (framework) Aveadiaadnadu
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NUNBIERULALAIIUAINUITAAIUNITITETENINAUY Wazilin1sFUATIERNTIVTINUSTELIUY
UFNg & VOINITIVB AU (Czuczman, 2006; Dudley, 2005; Sprain et al., 2010)
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ADaN15AULATIATINUFIUYBINTITYIIU (infrastructure demands) Nlvg)iAundaeyinide
nUnIeAusviselnITelungulanguniis (Thompson et al., 2016)
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ﬂ’]'ﬁmmﬁﬂ’nmigmwu%ﬁﬂ (knowledge management systems) ﬁﬁaaL%amiaﬁagaﬁm
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o a v av v ¥ ! a a a o a v Y v
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939laUNTU (Czuczman, 2008; Lungeanu & Contractor, 2015) LLazé’fasthsJﬁﬂﬁ;:JLﬁaﬁmﬁ

TomalAnmuIn IR WITIIMANTUALE (Cornelissen et al,, 2011)

1.2 ANEUSIANIZLAZIZAUVBINITIVUUUULATDUNY

Un3gnisszyinnisideuvuiasetie ldedndulssan (type) wiouurAndais
119398 (research methodology) s izilunsrififeiiussgndugusnanuuafoues
AM19353M811153983U 9 WU N15398UFTAN"S (action research) n153TuuuuInile
(collaborative research) (Czuczman, 2008) ﬁwﬂu{jﬁ]ﬁgﬁ’uﬁfﬂ%ﬂmﬂﬁﬁwLauamﬁ%’mwu

Y yva 1

= 1 [ o a L= < =
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1A30U18ANUFIWUUIAANIIINLATOY18Y09YNTYIN1T (scholarly networks) (Dimitrova &
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Usgaunsal MSnens NS NTauvasnu LagnsHelnINaIwIte Nl N3l UUIRTYY
WuauiWensenivanndn Tdlddnwagnisieuiuudainig (Czuczman, 2008)
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Useiputlymseninausewne wieas1amnuinilefuniivinig (Czuczman, 2008) Tuvug
Aa & a v [y . Y ' = Qll L]
nsuwuulun1sideluseaugania (micro level) lngdegramanisAnwininuiindndu
suuuuil Tngns3denenisanuilidmneglunisiuunlymvesliseunendennueles

nUsznulansununanlsaseunivsunaneiu (Dudley, 2005) s1gavidendinisne 2.1
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1.3.1 52AUAMUTUVDINITYINAVBLUULATEUNY (strength of network)

weniafite Ui sidenuunseteduiiussansuatada aunsafasan
MnUszAvBnmaateide Tnsaseunquitanszuiunis warunumesiidisan dnivins
srytuaTetefiiussavEaim axfesUsenauseyaRaTLNIINMAINIAILUNUIM INT1E T
frevtlAnnisuaniudsudeuissninaundnluadotsldfsau IWuuesiiunneig uay
FaevilinszuunisngluedeteduiinUsyaniamuaslduandniiflusyansnauniy
(Amat & Perruchas, 2016; Lungeanu & Contractor, 2015; Quan-Haase et al., 2015) ‘17?&‘5
UszansamveaaIotnedslimiuddyfuseiu (degree) naidenlafuszninayanaly
LA 5’1ﬁm'ﬁLLamﬂ§8uL§au§LLazL%auimﬁ’uaeimmuwu (cohesive) uniiaslanagyi
Tatovretuiduudsasiiusyansamuiniy (Leithwood, 2019: Rincon-Gallardo &
Fullan, 2016; Van Waes, et al., 2016)

LANINTIAT I TUTEAME A e seTete U sz endlunisAnuiaierienisite
annsaduunliaessiuvumudnvaedoyanihunldiesed suuvuusnidunsingey
A3EUIUNSINIIL (working process) fianansafiansanidan mnuduiusseninsgidniom

(actor) lngeamsouaguitpEdiusludaunum wedurnuduiusainnisiufduius

=

fuluFedaFomils wu uaslulssSeudendu Idsuduuziananlas Tasdugdiemde
vioiuFauiusiunumdulas Wud (Quan-Haase et al,, 2015) Uuvusondunns
nsgrinnuduiusanuadns finannnsie (outputs) aunsansavaeuldainnnsdu
HIVDINATUTINAU (co-ownership) NMTANUHNAITUTINAY (co-authorship) 1uAu (Amat
& Perruchas, 2016; Anane $nYR, 2557)

1.3.2 NANANUBINITIVY (research productivity)

Usuifusonfionaldfansaninmsidouvuaioteduiilssansnanndesiiads
fufe N19991980UINNANEAVEINISITE (research outcomes or productivity) W1
nandnn153defifiuse Ansnadenasviouliifiunsyuiunisifouvuiniotnefiiussansam

(Sun et al., 2020) 1IN N3 LALEUDTBLUNNTIHYRARGRYBINITINNAETT Tneausavinle

(% [

alusgRuyanavIenananluseAuasAng (Toutkoushian et al., 2003) wagldlanisn 15184

¥
v

USunaumazAnnIn S1azBuniinl

WUIAR LN TANANANNTTIVBLTIUTUIN (quantitative methods) @35 inNanan

aa

15398 laraneds A5n15189USUIURE19918 @11507RNsUNLRANNTIWIUNEIU (Nnumber of

£%
a =

publications) 984UNITENTD TIUIUKNAIIUTINTIIENITY T1TUITBRATULIN LBl

£ '
S| a

(Abramo & D’Angelo, 2014; Ordonez-Matamoros, 2008) P99 V198 8719NINTUIINAINUD

e
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93U NAATUANNATHELWIHANUTULUAIAN 9 TIUTINITTATIUIUNAIUNLNAT

9198991NN15HELNSIWI1T8153%91015 (Toutkoushian et al., 2003; AngnY $nYIRA, 2557)

d‘d ad a

Turazdnisiluiuifnuesnisuinisnisujifinis (operations management) Tuudunm

N19§503 Handnn1TITeiin1sHieuanuanansenie (production unit) Nindulaeiiigy

[

dnaruseninawadnsaild (outputs) fuuiuiaudadedeu (nputs) Alddmsunisiinide
(Abramo & D’Angelo, 2014) agslsfinuiinsndsiuinariimuazideaninlunisusd
UszAn3navein1side uiidesaintadetouvesnisideusenaudenineins ndsay
LLiN'mLLazENﬁmmiﬁmaﬂ%’jﬂhjaﬂmamzqaaﬂmL“f]ué’at,amﬁwiu%’m 99iveAntunIs
1438nstnndadetouldanmnsadudedly (intangible inputs) (Abramo & D’Angelo, 2014)

dmfunuifnlulenmnin (qualitative methods) Tun13N1558YANAINYDIHANER

1 IS

n15398 wualirseiinisldedrswnsnarsuinidn wainulunienis@nwandunisszy

[ a

AN NYeITeU]URNsTutuSEuveIng WU wuIAAYEY MNIff (1995 eneiidly glua

3
TRy, 2559) Misruin AuanN1TIEveAIIinTua113anTIIEeUlARINAINATIVEY
N1933ga1u3UkUY baka 1) AuasaiiinaIndiagrsetnide MAneInn1sRsI9a0Y

ANUNNNEYBINANTTITEAUNIFU TR UUBINUDINIEANLLEUATEY 2) AIIUATINAAIN
WeusINeu MlunannainnisasiouAnwagInIngran1533e5eninanauagiieauesil
uay 3) AUAsIinINgSeutiufe msihnanmTIdeadluuiiRaslutuseuludnuugyes

N5V aL AT NS IUNUNTIURSIVADUITIUALE

7 7
v

n19398A5Ty udun1sAnvIn Tz UIuNNTITeTENINATUALELINEITR S weluuIun

] £

Uszalnglalayjaduliesimanuidelumewnslunsasmannsiulaeniluuinidn 3

9

TadninnagIadnuiunasunsiTevesngiiinainnsifiuiluasaste ey Tun1side
O e A v v o a o = v o I D% = aa &
aTaiudenldnsduinunanudde lnefinguasinetesduylvideya 3935nsilause
o 1% < v g & a" 1) Yas a = o & £% £
lasinSimazUsendaiat Ml aunenldldisnisdenuaimildesaindnduazdesly

\AseeilanToRtIMluNTInANAMYDNUIIVDIATIAATY 019lYsEEAIUIUINNTY

1.4 AAILALURINNAVBINITITYLUULATOUNY
Tneralludinsideifinissauyhunnimiaauasivseleniinlunisudled g

afauuan wienmuwinnssulinaussdnsninuinniinisvinideauien isgdunis

vhaufiendeinmiufnuarUszaunsaiannyaaavansiie meidouuuiaetnedslaiunms

[

v 1 ¢ g Y o el' a Yo 1 &
BaﬂJﬁU?qM@mﬂigiﬁJﬁﬂu WRNNYBIINANANUTENNT Wﬁquqiﬂ@ﬁU’]ﬂl@@Q@@‘lUu
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0o awv a

[Hesnnnsidouuuedetns Wumsiideivszneumeandniiaulaussifuliym
Tadgymmdadiunhenuiniu ndsiinsiauaivesnsidouuunisidouuuinioris e
neliinn1sWiuyuLesivia nraleanaudn PieviliaudnnegluiiuldilonawaniUae

= ¥ 1

Seussenigniivszaunsallidvaniuanseiy aansaasveudn uazlideyadeundui

Y

]

dAgyseiulanasniian wazdineliiinnisimuiniunisiseunisaou nadnsvesiseula
$18n111n15%13T8uuULRE7 (Brown, 2019; Czuczman, 2008; Dudley, 2005; Niesz, 2007)
YonaNiNITeuuuSetne é’fﬂLﬁuiaﬂwaiumiL%ﬂﬁaLma'qwuiumsaﬁfuauumsﬁﬁ%’a e
THAaNauAtedidn U LaznelinAuRANaIntunsAEuNstateundin1sinideauy
e (Katsouyanni, 2008; su1an $ames, 2560) uazdatagliiauinnssumenisdneilul
Fannsarluldlulsaeuldognamswdannniy (Brown, 2019)
winsivenuueSevsasiivsslominatsusynsuandussiuiinasiansavie
Aadasdafildduienty Wesnnisideuvueioisdunsiidefidnuniidusuiu
senisfiRadesiiinanuarsuiun aundnludiniiyadnanudeiinudnvuzdiuyanad
uwanensfudeenariiieraintdymiunisdoans nsdudunisenaiaanalisnudumnd
AdnudaLRnTy sam5@mnﬁmLmﬂ'1m“lajmmﬂmﬁaam%ﬂmmuaaﬂmﬂﬂismumﬂﬂ R
onvdwaromudiiurenaiediy uenaind nisiteuuuesetielunisisedidnisldau
Fruruunnlunisdnfiuns enafidldssuaz snududesldsunsatuayusunineinsi

11N (Czuczman, 2008; 5UINT 3384, 2560)

1.5 8a0MUBINTITBUUULATE U8 YA UUsEWAlNY
LLﬁ’j’]ﬂ’]ﬁﬂvﬂLL‘U‘ULﬂ%@‘li’]&‘if‘lﬂﬁ%Uﬂ?iEJaZJ%JU’j’]ﬁﬂiﬂﬁJsUﬁGiaﬁ’mg ALY AADAIY
filendedu g fiindnluud uinansdrsauisdnlutssmalnenuin Sstladoanslu
uazneuendasnaeysensidsmalinifidevesasinedmlngdninisidouuuiaen
wnninsiAdengu (5un1 Tmes wazaine Jo9ndi, 2561) FaailiAatuauniafiy
ulsugvesussmandaaiulunmsdaaiumudiudiararusamdeduniside Adeans
Usuasunszuaunisinifeuvusisausisinifunsideiviuuuiaietis Ineduasailiyn
aedruiinuudefuwhidemofindneamnisudstulusedvaina (@¥nau
ANENTTINSMTITBUWASR, 2561) wonanil wiiTUsemalneysun1sAnwiatamuiugay

P

7171 20 U Inea1senialun1sduiAasunIsnalunAsanuneg1enulunIsanasunIs9inIveue

4

A3 wingaziiimuinislumsseusineiiunsyindelutuseusnTuninaninn133eveIng

QE

LQ@Tu&lﬂlﬂi‘Uﬂ’]i&l@lliU'J']EJQiJJUi”ﬁUNﬁﬁ?Liﬁ]LVl'Wlﬂ’Ji (mma 'J’eN’J’]iLl‘U 2559)
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[

Joyanusingludegtudliiiuii n1svinidevesagiauieiuiunisussidu

\alReuINeg U vIRgAauYNEl Ingdiuusznauvennaeilun1svelieowineg1ugAsing

Y Y

R 2
v A

duasulvingvinusuutismdanenany Miduliesivszaunisaliiun1svinidendniaes

vseildingitaslunszuiunisiiuuindu (@rlnauanenssun1stnsvnasiagynaIng

[

NMINSANYI, 2560) UiTadUNALAEHATINIWITENANYUALITUANINYDINTYINITEVDIAT
U

Uil aglnediniidesivistuuslunisiide wasdilidesilonidlunis

S8U3AUNNTIYTENINATAILAULDWININTATT (FT0a T893180Y, 2559) ilrannlu

i‘]%‘uumhjlﬁ@ﬁiamiwn%LLUinﬁamm‘wﬁwamgmﬂfiﬂ

q

(%
U 1,

watlanseil Al w.a.2560 Useinalngladuasuulevienidalonmalvaslaiseus
N19YUL UL TN TIUNATUN TR WIS RN T 19U LUIAAYBIYUIUNITITE U
AT (PLO) wuaAnlsaseulugiueyuvuuiinisseus (SLO) Wudu (a3ums Junelad,

2564; a3ua 1939180, 2563) InewuiAawmarideilulentanazdieliaslafilonialunis

a

v a = . d' a Y o1
WAl U1V (professional development) tW31ZAFAINITANIZLANLUAYULTEUFNIU

yaa

Uszaunisallumsvihnuresdidnfinauanseiy Ussaunisaluazauindedanizyang

Y Y 9

Y9uAaz 189z B 8 ANRLAINAILNTAVR N ULAE AU duaznaliAnndInt1euInlunis

Y a

WagukUasn1siaiumiansanwiwazn1simugiseu witayanusingludagdudiuin

N3ANYINITIBETUIEIINTZUIUNITINITEvesRINTlan vy NsviusIniuaudy o 1y
= ! S < 1

ettt duetels

Fo3739v9ANUTHAITAUANTANYIAUATIMIAMEUT s 1ewalanTSYInITeuuY

e eetn3dilinuinmifes emismsduasunsinudnuur dliAsvuiuagli

Y

£%
a1

wnduanuisavintaegals wedwmaliAananisuandsfinannlunds Uszihuilunazya

Usgmelilins@nwsmunisduaiunsinideuuunsenigliifaiuaguiniu

a

UDNINT ANYULFITUIIRVINITVNITEUUULATDUE Yl lananEan T uIiIdey

v

Anannssauflefusyninsaguasiifentes dnvarnsvhauduiuunguifnnsdaaials
aslutlaguuenainuuafn PLC vi3e SLC uéh SaifdnunAnmssiufiesiumdsdnuuuiiinag
HumdslunsiaungiSoukazindnagldiufe msvihnunuuesnuuusi (co-design) s
sonuuumifunnAnsalioffinsiauuasiluldegaunsnanegluiunmegsia ans
sanwuuswyaLiulunsihnuLuuhuiiouazidunisesnuuy (design) Wugiulunisiaun

a

winnssuieunlatdgu uasidnwazianizfuiavadvduasulninnisideuuuaieansly

£%
=

nauAslaegeiiusyansuauntu dwassluitedelUssinauenluirdifeatuiuifavse

M998 UV (co-design methodology)
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2. luAdNg2NUNITBDNLUUIIN
WidellavdiausuuiAnineaiunsesnkuusiu (co-design) tilauandlmdiuianinu
Wunnvean1s@nwienfuni1seankuuIN Je1uvaIn1seonkuusiy wiautauadiunay

1 L4

Hrevgreauliiuiinsesntuunuiidnvazienizegls yagduiuezlstne dnadslu

n1sAnliunisiaegals Lagdnvasvenisesnuuusiidegluusunmenisdnwiinig

Prunldludneazle wonandisn1sTaduUsiiNe1U99iUN1590NLUUIINAIUITOVI LA

ae19ls arseiausludiuiiaztisvensnnulseiumant feseazdunseluil

2.1 anuduinuazanudidyvesnisineiieafuniseenuuusau

N1588NWUUIIY (co-design) Lﬂumzmumiﬁwm‘iamﬁmwdwﬂﬁmﬁmLﬁ@iﬁﬂu
nnsadreassnasleg (creative practices) (Sneeuw et al., 2019) SINFIULUIAAYBINIT
aaﬂLLUUi'wﬁﬁyugmmmﬂLLmﬁmmmﬁaaﬂLLUULLUUﬁd’Juim (participatory design)
(Langley, 2016; Sneeuw et al, 2019) inmurTuiiieneasse 1790s lukaunguussine
ALNUALLIY (Scandinavia) (Severance et al,, 2016; Sneeuw et al,, 2019) LAUKANVDINT
ponuuvi Wuanssufideduiuiidmiunsssaunufnandauiiotisduasunis
Waumealwlagldiauaansalunasldaulsinndy warduluwuniivodaesa nns
ausuulszsulnefidalanadliauiiauladuniisunsyvhacdudsududnae
(Severance et al., 2016)

UNUMYBIRIIAANITERNKUUTIN Relldutieilalonagaudiuiianudila sey
anmdm Swuanidsururiime nieasslenaiionisadsassdaddudsiuiu tny
ATBUARUHAANTN A UANTNKIAG DN NITATIMARAUT NTHAILIUIAIT N1TUTUUTS
Tassadrensvhey mswaunleus wioezlsilafiavtieriliouianity (Zamenopoulos
& Alexiou, 2018) devUseloviimaniiios n1sANBNAEIRTUNITEDALUUSIY T9nT TR
panluranguyuanuaiulunisly auusun sssuvd wasidmunslunisidiunyinaeu
saufu ifeanedudey nailes dunedon welulad widisudnunisinedndae
ewdsvesniseenuuusmiuaznolifnesdnnuiln uundell Reafuszifiuinguay
wiantiulsinnsaula (Zamenopoulos & Alexiou, 2018) SsluunAniilasunnudonetis
LLwéwaWSNWﬂﬁﬁuTuﬂagﬁu (Koskela-Huotari et al., 2013)

PNNsEnEIRRLINSILWIRnTeInIseenwuusinlUldnuI viuniifinnsunlule
agnaunsnatednnuluuSundiunisquagunin (healthcare) LagAIUNITAAIATIAT

[

(business marketing) ins1gludagiuuiumeng q Sulvdanuddyiudszaunisalvegnan
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(customer experience) Tugnuzluguilaa wWevharudilagndi diuszaunisalves
anAvauIg T lrduAkazuIN1sRaniaUselevilasgaiiudu (Gronroos &
Ravald 2011; Vargo & Lusch, 2008) FeiniluuuiAnfiilinlenialigndndrandunuin

}% 1% 1

ddnlunsairendadusidudiuazuinissniuuiom Taefinnudeindigndudunsnile
uaniasuminenns Yszaunsalduynna yuneslugiuedld azneliiAnnisnanduduio
a¥nassdutnnssuiiinaausslovdunniinisviauiesdaenizdieladiends
(Gronroos & Voima, 2013; Prahalad & Ramaswamy, 2004) ﬁgﬂﬁ éﬂﬁﬂﬂdﬂagmﬂﬁumﬁm
fiuTenuasgnin ssdanatsassrauiuaruinisdmduiiolfAnnmuen (co-create of
values) i"mﬁ'ulﬁasi’mgﬂﬁjm (Grénroos & Voima, 2013; Prahalad & Ramaswamy, 2004)
denwiimunisluuunnisiinwwud dhansfinuAldiuundntinuszgndldly
UFunmisanweghatuduilelirduifiunn Tnasefsensuimdsweanszuiunsooniuy
ST uUTeauINsANWILIMaIsU eI WY N1598NRUURANERT NISTAUN
walulagmenisfneiivg Msimuinanens Mstaunagnsdmiumsuisunisane
nseenuuudan nieusinsznnsliduuuiniddunsinifendsgueudugiu Dudu
(Severance et al., 2016) lagianiznsduIAnven1seanuuTImIlglunsvihausuiy
sgrsyRaInINsAny 1wy asuazdndde dWeliisaesheannsofamiuinnssuiiinlly
Tun1sdnnisFeunisasulutuFeuldasaunniu (Roschelle & Penuel, 2006) wag st
assanimuoaduiivesinnssuiinutesliiloniasoueonuuy wazdrsdaaiuniy
annsalunisthudanssuiululfluduseuldogesuiuniniy (Salonen et al, 2019)
nadnsnnsoonuuuTNssiliaslasunstamuimisianifstumaiaislunisesniuy
msBounmsaouswiugdu lidesdugiGou vietnesnuuy (Wake & Wang, 2016) fiagsi
Winsilomalaimusuividinveswmuies
Tuvagiivnanasiinisliunaavesnmsoonuuusniteidalenaliaadu yaains
msnnsAnwazgiFsudunihnusiniuneldanudenin nsdanisiFeunisaouayd
UseansuagegainUalonalvidiSoudnanidmsulunsdnuszaunisalnisiteus Bovill et

al,, 2011) 31z doyadnnyuuesvesdisauaaneliinUselovdd Ay urausenisigi

'
=< o YY)

Netaslun1sdnnsnviievidisewinnudaduyniuiunisiseu (Bovill et al., 2016)

Y
¥

ilvaensuiuaudeIn sveasnInulaissansnmdu wasyinenansianaliinnis

WarnnadmdmemsAnenlasngae (Rexfelt et al,, 2011; Ribes-Giner et al, 2016)
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IS o

nanlagagy liinasinisuiwulAnveiniseentuuululdiunguildvungle
] @A Id a a 1 Y YA 1 a v 1 I3 @

nszUIUAITNIsERNRUUTIY Nhelulwifnnasdgligiidiuneitesdeusvnulauseinu
~ Y v v ] v @ v ] a Y
nisladilonadunsuiuimul wazukuwanslunisudlatdgmaieldanusiudiosaungs
FeazdamanauInsemineIteamniig uazdnaliiianisimuisunsAnuling @y anse
TudusiolUazunausionuueinissanuuuiin #aonauNITUILEUsnaNN1T9NLUUTIY
JUADUVDINITNITBDNLUUTIN NazvilmAudnvugsssuvRLaztglmiuinn1sesnuy

971 yMleegals autefazinauenalull

2.2 Ug1NVBINTITIDNLUUIIN
91NNSANYITIUYDIN15BBNLUUTIYN (co-design) ANQUaTIA (prefix) Co- (33u) 7
Usngenuminvesiineenwuu (design) fuldnaned Juivusunvesnisld lneenadu

7111 Collaborative (52uila3aunasnu) Cooperative (sausa1u) Collective (59u1U) %38

A [

Connective ({aulgafu) (Zamenopoulos & Alexiou, 2018) A198ufisssuTIRivae
osuensdadaniu Goint) senuuulildeslsunegssrigiieatos dudu dovoasin
nseenuuuTiniwdadulnglddl “nseenuuutin” viie “niseenuwuusaniy’ Fadudid
Iiuegrsunsraslunguidingnuniseaniuy

NM58ENLUUTIN (Co-design) Wi Nseenuwuusiy Tedenldvatsr lnerdy ¢
fin9ldluuSunaugsianisnain 1wy N1sas1enmAIsIL (co-creation) NSHENTIU (co-
production) N1SWAIUIUTANTTUIIU (co-innovation) L uAY (De Koning et al.,, 2016;
Koskela-Huotari et al., 2013; Stott, 2018) LLGiLmemﬁmﬁLauaIﬂEJ Zamenopoulos and
Alexiou (2018) 5331 dnwazlannzY8INIoeNIUUTI (co-design) Tifafinsaungulsvans
U3un lddraeilu g3ia n1seann dseu wmalulad wazuiunnisfne wiindniviniseed
uuuesmsldmiansty midelunssilidenldmniseanuuuiam (co-design) Tnenauesnis
Faauladenldmlundilaenadowanis@nuves Koskela-Huotari et al. (2013) finuin
MU 9 Suwiliudiarldmin nseenuuusan (co-design) inndnislddau 4 (Gee
a2 67 vorntdfenanunilédne)

NNSANYITIINVDINITOONLUUTIN INUAEIAN 9 WUITNIYINT UNITE AT
paAnsitienuolivanuatenin wavdiluiveasuiutionulusedvaina n1eldnis
NsUIENITasUanvalelenuueIN1T o8N UUIINAINYAYIVLNEYDIN1TIUNSIU (goal-

oriented) loanuanuay uiazuuvagulanal
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feludensdnunsanadsassaasing (create new things or innovations) filéua
wasluLdetng Wndmnslunduilssydn niseenuuudon e nssurunisvinudndy
seriefifeades iunsimununumuazaszausindy Weliiunaiis sdaduluy vie
Wy ianssy iuszavanudisafionsuaussdeniudeinisvesyanaiiitnunsu
ATEUIUNT (Mintzes et al., 2015; Penuel et al., 2007; Roschelle & Penuel, 2006; Zame
nopoulos & Alexiou, 2018)

Snwaziiaondudeuludenisuidymsiudu (develop new solutions) #ildna
wasludanmivionnudn Sornlunguiuuneta Aanssufilalonaligidulddude
VIORLASURANSENUINTININIGeRN v3eiauIwuImslunsuAtdymiuiu Inedain
{]ﬁymﬁtﬁwﬁuﬁqLLammaﬂiswueiaﬁ;iﬁmulé’daulﬁaméwﬁ?u (Roper et al., 2018; Sanders
& Stappers 2008; Sneeuw et al., 2019; The Agency for Clinical Innovation [ACI], 2019;
The National Centre of Excellence in Youth Mental Health [Orygen], 2019)

Snvazgaiodudenmuunay fesoungquienisiauidsdutuagnisdiun
uitlymnsuiu Tnenisnisnguiifmuadn niseeniuusan vuneds Aanssudadnsassd
fdnlendlrgauithansinfuse nuuunuImanisuAtiym msimuiuinnssy nsuiuuss
WAIUIUTNIT NN 1SUATYun wsonsvneeenluGedlaideaniaeiu (Burkett, 2019;
Sanders & Stappers 2008)

ogslsfinnu Wofinnsandiuvsenevnazdnuazdeuiiaudnuazdisiu agny
AMANYAUELAY (dominant attributes) ¥8IN150ONKUUTINDLYANAN WY LAYEINITOVLY
aruiegdluuummansAnussneufoliaiautu swaBeniifed

1) M3599nwUUTINAATUNITIIUTIUHFUNUS (interaction) WUUTINEDTIUNA

] val a v ~

(collaboration) s¥n39gMAEITas NaAuTuNUmMERanIaiy s lgluuIunnising

kY

(%
Y v ¥YVa =

g1aflaunIndulinadiSou a3 yaainsmansfnen aantunseginedtesdu o lngidiun

Y Y Y

numelsidhmung wazUsgleosisiuiu wardmaniofuduanudesnisinduvesndie

2) N159BNWUUTINABITNTRANWGEUNSNEINT (sharing resources) s¥nINyAAA

| = I v o A v Ao w v Y] s a %
wangie Neradulaniminensludsingniudedld wu Ju Jangunsal dwes Wudu
=] < [ AV 8 1w 1 2/ a ¢ & 4

wseo1aluninensildleing wu Anus mnude Uszaunisal Wusuy

3) nseenuuusiidmunedielildnandnidudsdmisiuiu lneduiugagmung

Y

Y99HLN8199991989n15N5RankUUT e s ez ls A1 ldluuSunnsAnel nandei

Y
\NnTue19egluguvesiiunsnues (intervention) LU wangns 8n153nn1siseunisaeuln

[ = 1% 1 3 oA a v &, £%
WINNTIUNNNMSANYY wuameansuiUymiivg esdrnuslnivienuide Jusu
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[
v A

31NNTIATIERAN W Heuteey n153Tuassiagldidenuuuunaulaeigauniuly
nsafrauinnssuidudeinguasidsanudn Fsasuiionndn nnseonuuuian (co-design)
yaneie nszvumMshauidalenaliindds a3 dniFeu yaansmamsinw yuauvie
AiRdontmiusmiuludnvazvesnisuaniudsuuszaunisal SamAnduy eaun

WU NATEATYN NMISHAILILIRATTUNIINISANYT tiaWmWINSAn AT

2.3 RANYBINITDDNUUUIIN
aszludufagiunsiiauenanuesn1soanuuusiu (co-design principles) fifie
Judszinuniansiansanflesssnisldnszuruniseanwuusulinsaniugasiuny uag
o v oo v & & 1 Ho o @ W . r-:l'
WielinsEuINNIsUTTANAR LRI Nl arstludiutiduinausindndu (techniques) 9
Talunseantuutiuluiiusz@ndua (successful co-design) s1azldunilngil
2.3.1 ¥ANNTSPINLUUIIN: NANTITAILATIZADNAITHAZITUIIY
Un3vins dnidsuasdnuiRnduseaunisalineniun1seonuuusin dnauenla
Y939n1580nL UL IRAnAsAunnUIunlunsiluUszendld duneuasisandunisi
wananeulusie Ine Burkett (2019) 1Wug1in nszuaun1seanwuusiy tunsvinauuuy
silenu lulvdnwazueinisiauluuuLasans (top down) nson1svinguludnyuzans
Fuuu (bottom up) Mmendnnisiidwansbiiiuimnauiduniidusuiviminnviadey
[y a A o v v A -zslj Y @ { a 1 o 1d
fiu ndemndiauslilumdeiiuan FiiuinsssusfvesnsosniuuTiulianyuzidy
o ¥ z.s' ¥ ¥ a a o v 6 1 (% a -'-NI
N38UIUNITINULBEIAEITR Tagazidrunfi fduwusdeduluigenisuaniuaeu
Uszaunisal w3 ninenslunisasieassAauinnssy wuamenisuidgmivg q Ty
YuzAIAUY Zamenopoulos and Alexiou (2018) finuAniuInisesnwuusautu W
UINNIINTFUIUNIT IN18UAYanuny walladSianie 398n58AUYIN1TRRNRUUIIY
= ' a o ' = . ' = 1 = '
WBULIN15I98UUIIuie (collaborative research) walun1sAnw1As9lazdei1nis
panLUUTLULAE9ITINeN (methodology) (Sanders & Stappers, 2012) AidnanlulBsosA
yd‘d 4 1 I3 = < dl =) 2 o o U = gj dgj
Auininsswlisgratuszuu Jaduiuvesnisidentdmdmsunisfinulunsad
IINNITANBUBNANTNYITUNANVBINITBBNLUUIINNATBUAGUTTILUIAAA Y
N15ANYY NITUIAITNNEUAIN N15BDNKUUNIIFIANLAZUTN IS Tudaed A./.2006 D A.A.
2020 L@UONANITHUATIENNANVDINITOOALUUIIN (co-design principles) Tnan1siaseln
a [y I [ | A oAl I [ | yé’j
arseusgneuiulundnnisanynunasiniied Naguilundnniseenuuusiulaviavan 6

USSLAUNEN LAAININTILVDINANNIToNLUUTIIAFININ 2.1 19T 5188280 UDIndnns

(%
Y A

aaml,wi"mwiazﬂszLﬁummsaa%msﬂmmu
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a

1) andnnnieiunumegeialisunu (equal partnership) #anU89N1500NLUU

9

=

Sudiddgdod ynaufinudsingyanizvesnuies lifllasmionitlas Kafuyneuiad
unumiifisatuneluiia Tunduéfestewdorogatu wansw idlanmuuansnauay 1
Aoshdoru vl audnlufiudosdunumminiidan swaseuazainsefuegiasid
(ACI, 2019; Burkett, 2019; NSW Council of Social Service [NCOSS], 2017; Orygen, 2019;
Roschelle & Penuel, 2006; Sneeuw et al,, 2019; Western Australian Council of Social
Service [WACOSS], 2016; Zamenopoulos & Alexiou, 2018)

2) ‘UiimmﬁéfaaLgalﬁtﬁmmmaﬂLﬂ?ﬂlauﬁauilﬁasjma% (healthy environment)
nseenLUUTNIFBaluTsBnaTiBelfiansuaniUdsufuenaad nszuaunisiinay
BaveuuuBeuld adrnurimie aieassd wasdeliAnuTnnssuiiinlugnislduly
lanase ldandansaunismiru@n (AC, 2019; Burkett, 2019; Penuel, Roschelle, &
Shechtman, 2007; Sneeuw et al, 2019; WACOSS, 2016; Zamenopoulos & Alexiou, 2018)

3) fanuviannuanevesaundnluiiy (diversity of teams) n1seonkUUTINTITUADS
fyanaiidismnnvanedie TnsfudazinednudeyuieUssaunisaliunndneiy
AravanvasYeandnazdeliiAnmslimaRaivarnvans uaglduuuesunAniional
LAEWUNINBU (Burkett, 2019; NCOSS, 2017; Penuel, 2019; Sneeuw et al., 2019)

a) finnuneanisindunazitimuigsiuiu (share needs and goals) #aNYBINT
2ONWUUTIN FApsliinnudAyufyAna ANABINISVBLABEHNERBInTIiY Tidmung
wagidevimiifeatu Sniaspiudisiasdondeliusiasdiesdndudmesauld (A,
2019; Burkett, 2019; NCOSS, 2017; Orygen, 2019; Penuel, 2019; Roschelle & Penuel, 2006;
Sneeuw et al;; 2019; WACOSS, 2016; Zamenopoulos & Alexiou, 2018)

5) yjaiiunadnstun1siiauuinnssukaznsuAteym (outcomes led) ndnvaanis
penuUUTIIuRfINadNSYe 99U N3z UIuMTIEHR AR uNd s slungs 1undsd
AelviAanisiasuulas ielvngusiunislugiinune i faudnsa (Penuel,
Roschelle, & Shechtman, 2007; WACOSS, 2016; Zamenopoulos & Alexiou, 2018)

6) finsguaunisvinauniugiuassioiileq (iterative process) #dnu4N1388NUUY
$magdoainauseiiies unszuaunsiidesduiiuntst q fuihiimasiesasfiounauas
Uspdiu WieldfuniFouifnduannssviumslumadudeyaiieuulssimunmadialy
ﬂ%ﬂﬁﬂlﬂiﬁﬁ?jﬁu (NCOSS, 2017; Penuel, 2019; Sneeuw et al.,, 2019; Zamenopoulos &
Alexiou, 2018)
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= = 4 o [~3
NANUAINTaNs 1ANUADINITINTIU
NNYUNAIURIANNAN wazithunesauiu
fussenniAwuun YatlunadnsuInngsy
waziluiing wazitiunsuntloym
a = ° K
dUnNUUNUM UNTTUIUVINUNIUTY

v om o Co-design . .
NELNEIUNU g LLa:mmuamqmaLﬁm

AN 2.1 HaNISELATIZINEANNIT88ALUUII (co-design principles)

91994, ACI (2019); Burkett (2019); NCOSS (2017); Orygen (2019); Penuel (2019); Penuel, Roschelle,
and Shechtman (2007); Roschelle and Penuel (2006); Sneeuw et al. (2019); WACOSS (2016);

Zamenopoulos and Alexiou (2018)

ANNITUNAUDNANTITAUATIZANANVDINITODNLUUTIUNG 6 USZN159199U Doty
d‘ ¥ o = d' % I I~ o % v}
aszisesifadieldnszurunseenuuuniuilugiulunmsviny gldaunsaneandnnis
[ 1 < a i [ =~ ) v | a o < Y7 1
sananudunanssunttluniseankuusUinvilviniseankuusINinNadsa Wtenal
LU NAUDTUNDUVDINTTUIUNITEBNLUUTIN Mauslagindvinisineiteasinduaeisls

2.3.2 JUADUNTTIDNLUUIIN

Y
Yal o 1

MsfmuATUAsUYDIN1sBeNLUUSIL ifindnnsaesainduldAduneu uddae
SINFIUYBINTITOBNKUUIIUAAIUINIIINWUIAAVDIUNTVINITAIUNITEBAUUY N30UN
2NULUU Gﬁy’umaudw’majﬁﬁwLauaﬁ?u?jqﬁmwmé’w&Jﬂﬁq%’jumaumﬂLLmﬁmaqmsﬁﬂiumi
28NLkUU (design thinking) MNNSFnEITUReUYBINIsAneDnLUUNUIITNIYINS LA
Supeutenliseus 3 89 5 Fumeu vilddiuiinismrunduneussinisoenwuusan il
‘vié’ﬂmﬁﬁmaﬁﬂumsizqaﬁwmwﬁgumaqﬂszmumi

n13Aneanuy (design thinking) lutagduiiegnaruuuifn LUIRATITTeIde Wy
WUIARUBY d.school UBINNIINYIFE Stanford LuUIAAUBY IDEO ﬁL“TJuwmsmuﬁﬁm’m
L%wwé’mmsaamwu LAaZLUIAALUY Double Diamond 484 Design Council (Brown,
2009; Design Council, 2004; Doorley et al., 2018; IDEO, 2012; Plattner, 2010) LLﬁjﬂ%umau
Y93n15AneenuuUarldTedunfiunnarefunudnwarnsinuatazn1sutbuldve s

Y A ov v [

nN391n15 9819L5ARN LLIAATUNITUILALTUR D UNAIIAUA1IATILT pUNaSE N US o UAY
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(overlap) TAgUTUMDUYDINITODNLUUIINUUL AL LB UNULUIAATBINITAN LN TOBAWUU
NVIUIVDY d.school U84 Stanford kUIAAYBY IDEO wagkuIAnuad Double Diamond
¥94 Design Council WEMINITLUSIULTIIUTURDULALNITITANTUNUARETUADUVD S

NTEUIUNITNITODALUUTIMAUNTAATUNITOBNLU (design thinking) 1Afin1519 2.2

A1519 2.2 NMSUTIUTEUTUABUNITEDNUUUTINAUNTZUIUNTARDDNLUY

N15ANBBNLUY (design thinking) N1598NKUUTIN (co-design)

Double Diamond d.school IDEO Hagen et al. Jisc ACI Burkett Orygen
(2005) (2010) (2012) (2012) (2017) (2019) (2019) (2019)
GRERD wiladnile . 58y ERHIGH d51w @

(discover) (empathize) M RREovery) (identify) anudtla (engage)  (discover) (discover)
PR DEREY N19AA27Y gy (understand)  §3UTIW DERH DERH
(define) (define) (interpretation) (define) (gather) (define)  (define)

a519AuAn N3E519ANAR Juauins  vieudila
Wouun (ideate) (ideation) 2ONUWUU (imagine)  (understand)

» _ Wew e
(develop) AULUY N15AABY (design)

(develop) (develop)
(Prototype)  (experimentation)

#5719 Usuus

Ao NAAIU msasuulag Useiiiu (Build) (improve) . ,
GAL denau

(deliver) (test) s (evolution) (evaluate)
(deliver)  (deliver)

91994, ACl (2019); Burkett (2019); Design Council, 2005; Hagen et al. (2012); IDEO (2012); Jisc (2017);
Orygen (2019); Plattner (2010)

pglsinny Mnn1sduasgienasineanunisiinanniseenuuusanluldnuia
arulngimruanuuuIAaLuuues Design Coundil NEinszUIUNTINIUATURDY (OrddRez
et al, 2017) laun d@1523 (discover) lgu (define) aiun (develop) tazdsuau (deliver)

(Y

Junaudrsanarion Wutulunisszytym (dentify) wazanadunounds loun Wanuaz

<

dweu Wutunauwesnisasiarn (solve) (Ukrop Studio, 2020) n153d8lunsaldndulaldy

[
[ 1

AMseonuUUsILissdtuney uarlddedunausiia q feil Ao 1) fvualim (discovern)
2) nstieulayy (define) 3) asdianaiun (develop) way 4) n513aaUNa (evaluate) Sunou
anvneazldminssiuumudinnisdeey wiiinsdsevagldunivanendn Wesanua
geanszuIumsiumsiTon el iulildnanann39e Fesdudesdimsaiouiionsieaey

gudunailanndinedtes Jasuduneuvesnisesnuuunnldlunsideassilladinn 2.1
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szyUaumn (identify) asslauily (solve)

dsradym » DRI » RGN » MIVEADUNA

(define) (evaluate)

(discover) (develop)

NN 2.2 JURDUNITODNLUUIIM (stages of co-design) Iumﬁﬁ%aﬂﬂg
agalsimunliinnsideassilagldvefonuaz tuneunuuiIAnves Design Council
wilatunUsegndlgiuuunnsfing) a1sylulsiastuneurainITeankuuTINAEduATIEn
1191NLUIAANY d.school (2010) IDEO (2012) wag Design Council (2005) 5188188Av94

NSEUIUNTEDNLUUTIULARLTUN DU A

e 2De

[

1) @199y (discover) Wudunoulunisnisadisarudilaseninaineades
WINNIINIINELWNIENTIUNSwAT Y INILNITAIAMNLE Y Tunau il tuiav AN
dnladnlymdeerls Wunissiuswdseaunisalvesinendes nszuiunistinesldina

i o | v oA Y aAa I 8w - Y =
Aoudnnlunsnereseringnetemiidnlndudsdudymmelnlayuiesivainvane

2) Aemieyn (define) Wunsudeyadadnilaannisdrsatymuiszauaiude
Auginerteniiedenudgymswiulidaau antuisssauaufinseiioAuniislunis
wAUmlneniun13asAINIANIG RaINVANELAZILANANYDIIS N THAT

3) aslaimiun (develop) Wadgruvesdgyitaauwas giieitesazidiuisuiy
gonuuuIsmsudledamn ntuiununisunymunmuduiuy waziiduwuulignis
U UR eaesdsiioanuuy viseasatunumsuidavnluly

4) Uszifluazviouna (evaluate) 9Nz UIuNITasiAILIESaEY NR8azfaITIuTI
v A 1% v v oA 1Y) 19 vaa £ a
Poyaningeanlilunslideyadeunduiiousuusoinunauing @y In1smaununs
g uvenTvaeviudunaiiinvuluasweoly vieveenalinineswineunay

2.3.2 waanauTunisesnuuusiuliiliuszavsna

S e 2 o . v o a .
arsgluduiilunansvluniseenuuusinliusyauninudnsa (techniques for
successful co-design) MUunauINNIANYIENE1T $1UITBUAZATENITOBNKUUTINYDY
tnimnisvsinguazaussing edliiuivanniseenuuusiuiigatiuludeseslstned
szvilinszuiunslunisiaulszauaudnsa lneaseurquiladeiineadesludiunng
Jadeineaiunssuiunisnay wagnsidenldisnisuaziasesliefimunzauiuudas tunouves

[ a 8 @ | Ao 1Y o SN Q’lj
NTEUIUNTINIUL T1803LBUAT0UARRTUAN 9 NdATIzRlaneduUilnsel Ul
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%

1) 5AUrefldn3au (participants) lunszuiuniseenuuusinaz e aduunning
Sudloruieu luvsunmmens@nwgdnsunssuiunsenadutdnide duims a3 uaaing
yan1sfine fidou funases gusu wagniadauing 4 Afeates Tasdidrimiomely
NSYUIUNITOBNLUUIIN Sfnsilanizisenin “HoaNkUUsIN” (co-designer) (Cviko et al,,
2015; Dias & Glazewski, 2016; Penuel et al., 2007) IngHpBNLUUTINILADILANYUL VDS
N13539UAN3INY (doing with) Aueegrududu azdenluuinniiglialiusiuile
(collaborator) HlAUSNY (consultant) wagglideya (informer) fauedmdalidnuue
2890157 ite (doing for) W3e n15¥lek (doing to) (ACI, 2019; Orygen, 2019) s18aziden

YosszaunsiduTmvesiTlunsruIunsTINilo TIuNAUanRIn I 2.3

Q@ @ P O

HWidaya JWAEne H3uila HaanuuusIu ELATUNEQ
(Informer) (consultant) (collaborator) (co-designer) (empowerer)

FLAUNTSTUAIUSIUUAINS SUIUNTITIIULDFTIUNA

W 2.3 SEAUATMIINTRINSHAINTINYRRSITUNTEUIUNIINGULUUANG 9

nagwe. USuannuuiAnves ACI (2019) uag Orygen (2019)

2) aseulvidsgneusgyaranvanvate (diversity of teams) Beaudnludiy

a 1 o ;% a d‘ 1 a = :.’/ :’/ &Jo
wanvanesniieslavs e ilayutesauAaiwanssliandnuniiesiy sl
AMUARNLARTUDIANAIUNAINYATE LAY A9TU NTEUIUNITODNLUUIILT T UILAD

o =

Aflsfamnunannaneneaugiivgs vinve mus wazUszaunisal aunBnusasiiedend

€

ANy duresues Tuvaziertuwsasdeonasiidmnafuvesmulosie fatu
s vunaduresnueawaiiniswusiunarunialunisadradunesiuiy Aauisaly
nseenLUUTILLielineuaLeIanNfeINIsaIuyAAala (Sneeuw et al, 2019)

3) figgueanuazantuiiufiiniie (skilled facilitator) nsguIun1seRNRUUTI il

N ¥ o

Wun1sigiuazgaulungy iesannisilfinargniueiagviouitaundnudaz aud

U

unumldviaifisndu nszviuniseenuuusanlvanudagyiundnuszendulaeg wunis
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vhamuvuiaeing andnmahauneldmundeninaunsaisdemaetuuasiule
yanafinesteimisaudusdiaudsdunagdrevinlinszuaunisnguiinnanudianiu
WwsneindliiGendn femneemazain (facilitator) Tnefunumlunisidulaundnlu
nauAulUnatiingld ldvasmns fnsudadeunisiem damsnanlunisvieusmudu
uazads ulidulufmeemuBangu uenaint nnauluftuamsafivsdeunasaduunum
maduggrneanuazainlanasniial (Sneeuw et al.,, 2019)

[

a) sjatfupudndyfumnuduyaaa (person-centered) ludseifuiiddaminly
nseenkuUTIY nsrvrunsmaEidunsliyumedunsvhannudilatiym aounisaiuas
Tanvirdvesiau fidrsmonlinisdiassindauestilegluymvosaudu udrazdnuazsan
og1ls nslanuddy fuanmduuyvdisuiaziisdauasuninasmuasfiuenidiula
(empathy) 3Anuuuiifiusslondunlunisfiazgaglfamnsasenwuunisudilodaynils
mauaumﬁiammﬁmLLazmmﬁaamiGﬂamﬂﬂa (Plattner, 2010; Sanders & Stappers, 2014)

5) Wunslisnsuazadesiafinainnarslun1sesnuuusau (using co-design
methods and tools) Tnglunszuiunisesnuuusuiluudazuduneradenldindesiielunns
Fnanssulduansreiu lifvdnnasilunisideniines Tufuanmusunesniseenuuy
a vuzduinfunsvhauludesesls ngudmnefidismdules warldnamiuilely
M3 Wiemsinsaussiudu 9 Ussneuiu feghadu %UG]QUﬂ’liﬁﬁ’mﬂﬁJWl 219
1938n158un1weliB98n (ethnographic Interviewing) N154a11304 (storytelling) 18w
Funeun1siondym orvldmaiianisdniiesnida (card sorts) n13dnrilusindsiaes
(persona) M3saguALERRy (prioritization) \udu Suneunisasiiewaunersldinaia
Ns¥aiuLUL (prototyping) NMsdAvuKuTIUsSZAUN1Sa] (experience mapping) N154AY
ana3uase (storyboard) 1udu wazdunounisnsrageuna eraldmada n1sinng
(critique) nsTideyatloundu (feedback) n1saunuIngu (focus group) Wusu MailuAay
Fuannsoldian gunsallumssrneanuazmnidinduld (Mulvale et al, 2016)

6) sjatiunsagviounalunseuIuNIInaanIaT IAen1sINING (critique) N1saEYiau
wa (reflect) waznslidayatioundu (feedback) Wumadiaiiddayunn mslideyatioundu
Wermunsinulunisesnuuutiiunisiud fune wasfodlimuuzdnuniings
Tunisula (how to) mnnnssadatuinviily (why?) nsassieunaiinareszau Taun

Ly I3 [ a 4 1 a a d‘l I3 a '3 dy Qll [y
1) 52AUNITUSTYNY WUSLAUNITININEDYINHILNY LUBDINNLUUNITININWLUDNALINY

ANNTAATU 2) TEAUNITUTETUTIAUNY SLAURANTULIDNTU 51z TUNITINN BLT
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Useidiudn Favinlaanfiunisluuds vsedeAunuivseliagnls msizevls 3) sedunis
asuredoruny Wuseiuiigalu seaunisussdiuiidunsinndiienmdreSuieaindad
Auny waz 4) seaun1suszgndld@enAuny Wunisinndiedwandunululduselon
wioUsulgswumslunsufifauluewan WWussdunisinindfiasiign (Heron, 1996 814
dslu alua Ja9ely, 2559)

7) aanURNFveioankuuTIN (characteristic of co-designer) HLUN3IUABILARNS

a = & a da ' D) ' &

noAnssumnzadlun1sduamninifvengy wandbiiuisnnuumuazanunslalung

<

lEUOANNARLIAY éhasquaﬂsiummﬁmquaﬂiimﬁmmzLﬂumaqéjaamwuiw 1) dupu
Foyarothuldlunisuanivdeu 2) nszieesuilazuaniUasudoya uuAnuazyuuewes
e Wioldlunisvien sasmaumslidmuuziiduusslonilusenimsianusiudy
SaAUgBY 3) UitRamunummhilésuneunneg iaudennas Jeuluaznginasives
nauluseninanisvinay 4) wanspudadiudledasiuing w1snluauean1Imig
mnuAeLiy 5) Buiinndiilelideyatounduddnifsafugaunnses uay 6) nieuusu
putesliidnfunindsunlasiienaiatuldnaoaiiat oanuiionuiimuestszauiy

anunsainlionsmuaulaluseninanisesnwuusuiuy (Yi & Gong, 2013)

2.4 YszlariduazdodNnuain15aaniuusIuUSUNNINNSANGA

nseenuuusluninAnfifiuselon msedunisliussaunisaluazanudnues
Q’ﬂuﬁﬁadwLﬂuw%’WSWﬂiwﬂa{]mmwﬁﬁﬁﬁm ansaumaniifinanyarafisiununuansaiy
W U398 AMTanaal A3 TNSEUN JUNATEY HUTMNT 187 8 eian SN SANY
Lﬁu‘*ﬁu (Penuel et al,, 2007; Salonen et al., 2019; Westbroek et al., 2019)

uenand n1seenuuuiuitidsnmsilimuddyiuyaea wu §i3ou a3 uieyana
msnsanwilungulangunis Wernnudosnisangiisatesnsnisdneiniesnuuy
Bsuiledym dediulenalinandanianisinuiisiufudeduausamanzauiuuiun
waziinUsravsnanianisAnuuindu (Bovill et al, 2016; Severance et al., 2016) Wail
nseenuuuTiiluuvasdenialunisadisassanisly e lrlanandnnisnnudn wun
Ufumsn1sunUymilng o vidoutnnssuliAntuluusnunman1sAnun (Cobb et al, 2013:
Rexfelt et al,, 2011; Ribes-Giner et al,, 2016) wagn1580nLUUTINEIAS19AIUTURUSTA
TfuauiiAetes MliiouRnmandasiugniuiunsGeu iliaginussavsamluns

¥ wasdinswaundndsnIndidiady (Kenny & McDaniel, 2011; Voot et al., 2015)
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wanvNvLidennalslsenis n1sesnwuusiundelivedninnlgwuiy Tnedl
InivnsuaiutesinsruIunseenuuusmdunsieuildnaaeudiann mszdy
nszvauMsfiFeuiuvhnus iy wasliufduiusiuegedeiiles msaredogniulunis
MausauAuluuisaniunisalenavilaenn (Morale et al,, 2015) ylsn1seanuuusId b
Wz auUanIunIsaifidesuTsiui U nszerainlenafiaudnfiiisiusnaulassn
AMNNTTUIUNITEAIRaDALIan (ACK, 2019) uaﬂmﬂﬁmsaaﬂLmus'wéfaaaaﬂLLuuasm%’mm
INSIUTUNNNSANENIAnyIuednud aslirseiiusvaunisalvielidesAuineiy
M3791u3 I UaN YT UBINITORNRUUT LAY F9019dINaR o U AV HATEINTTUIUNITUAS

ANUTIEUTRINTTUIUMS (Roschelle & Penuel, 2006)

2.5 firageraimsfneieafiunsasnuuuiaamanisinen
finstwufinvesniseansuusmanldluusunnianistnwiegneaunis lussezusn
finsihanldlunszuaunisdaniseunisasu Tngiiuni1svineusuAussnIeyaAaINsm
Msfnwuazgi3ou (Bovil et al, 2011) wnAnfitwldlumsifomsnsfinuidddmuas
THuunAnad Ul UL TENINLUNANYDIN198519853ATIU (co-creation) AUNITEONKUUTIY

NNITEUALIUITETUTST A.A. 2011 §3 2019 WU UAITENINISANYIEIULIN
Wadudrdy n1sdnlufiedniseeniuusinunldludiunisdanis@nwiluidegsia
(educational business) Ly dn1slaludenissuiladesvesgisou (student voices) #3813
Iauddgyiulszaun1salvedgiseu (student experience) Wothulddnuszaunisal
mennsAnen 1y msligiSeunndisunssuaunseenuuieat e manualfialiiiy
an1dun1sAnen (university brand image) (Foroudi et al., 2019) n15@ESUANMUFUNUS
LazUsy NS mueenisinnisisounisaeulududeu Wudu (Dollinger, 2018; Healey,
Flint, & Harrington, 2014)

Tugasfividiulinudidy funadnsiitinannssuiunisesnwuusay (co-
creation products) Wy nMsvhesEwiesnfnyuarerasdlunsiauisyseunaludy
158U (Kenwright et al,, 2017) mstdinieusnildusiulunszuiunsdanisiseus (Gros &
Lopez, 2016; Martens, et al., 2019) n1sUSulssimumangns Msuseillunanangnsuas
nsdani1sasu nsilalenalndniseuiln@nwudiuididiusinlun1snuunniszau ng
ponuuUNsUszidiunaluduiFou Bovil et al, 2011; Bovill et al, 2016) WWudu a1ndeya

o v o ! 1 v 6 A a a av v Y v
FlAAuIN mmauhmawaawwmamwLﬂuwamamiummm%mwuimuaa
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2.6 1A3893INAILUSNNYIVINUNITUIUNITIBNRUUIIY
AsHAULATesta s LUsNeduNIseankuUTIN g llAssiunsnateuntn A1s

AFUMNYITDINUNITIDNBUUITIUNIINSANWYN 5\‘1LLﬁf\]zflﬂ’liLﬁUS?Ui’JN%@@gjﬁiu%WiNﬂ’li

9 1 ' v

e witnIfednlvg fyaiunisifivurudeyaludnunin wazdeiaduusdunly

q

NeteIiuyAnansonszuIuNIslunIsdsn wiueduardnisiiususiudeyaluids
Uunauaisnisndiliresdanunazinlalinseuagquussnnudunszuiunisngu 8nvi
A4 A Aoy YY) ¢ A A ao > a 2 g o ]
wseleldeglulagiudnizUszyndinsesliemimuiandugsianisnaindaldvedudsi
n3a519a53A59U (co-creation) Wudiulvg) Tutagdudmudn msmuiuuifalunising:
wUsignfuni1sasieassAsiu (nseenwuyusin) nuluawide dnaginnudnuuzve s
YARanIoii INlAYATOUARUANAN BUENIANINAR ATUTANLAENOANTINVRIHUITIY

a I

agwlsfinuuufaratsyssnsidnisenisgsianisaaiaysinauenluldsuanuieuiie

P11l uUSUNNI9INISAN®ININWINAAIS 911579 2.3 Wunisunausluwanisiaieddu

AN IUNTEUINNTNITATIETIATIN (MFeRnwULTIN) Ninsimwduludagdu

M99 2.3 1AT0e InANENYEYIUARATUNTEUIUNTEONLUUTIN (MTaT19a55ATI)

. - HUIAAIUNTTIN AN
Tuan1sin dnszdaney = B G oa
aaAa Auddn wodnssy LAS29RIR
NOANTIY WuNITIaNgAnIINYes - v 4 KUUABUNNUNINTUTHLIIUAN
M9EseETIATIN  AdsINTuansdiany 7 5% (7-point raring scale)
(co-creation behavior) vjsinuazaufdlalunis Cronbach’s OL.790 - .930
Yi and Gong (2013)  Li19amnsyuIUNg
waARdan1sase  wunmsinszauauldlan - v - WUUABUANINATUTEUA
AMA19IN (value co-  amtnTiuveslinTily 5 536U (5-point raring scale)
creation attitude)  NITUIUNT Cronbach’s O .700 - .720
Shamim et al. (2017)
k3 S 1 o o I3 J / a '
MIATNATIATINAMAT  WumTinanuaulaves - LUV UAINIATUTELEUAN
(co-creation value)  fid13manIneINsNI 7 926U (7-point raring scale)
Merz et al. (2018)  eglushyanaiiieidy Cronbach’s 0L .950

Usglewinavaaasy
ASLUIUNTIUSEEU

ANUASD

wunewe. * uwipsedietnagssyinduniedenliianginssulundnusidofiansannuinfifuuig

FulsiinAseunuAmaNYMEMUANNIENIY
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av a £ U !

n1sveNneItesiunIseenkuuTluusunnansAnwdnldisn1sgenaninly
nsnuTITINdeya wazundulduuinueinisidewuudjuiiiey (pragmatism) Tuns
198 Juiliansaunanfn¥in1seeniuusaien1539elsuuddieged19dnin s

WunaIeslodaneltunseenwuuswddiegdeeidluuiunlneuassseina ansely

N
Aav a a 14 (%

druseluaziauean1nee N8 AN ITeINUNSLITLLIANN1SERNLUUTINIUUS UNVD S

Uszelne Tngauidenananinisiawunaandsladlenisesniuusiu

2.7 dnwn1sigsnganunsaantuusnlulsemalng

NNTANEINUINIUUTEMALNETIUIU LI T NUILULIAAYDINITEBNRUUI LU LY

1o 1%

faflaginuiuios nan1TEUANTEYAINFINTBYAINTANTUALINGNTNUS NUUNAINIVINTT

Y

a

I UNAMUITENTNSTH WU ARUBIN1TaS19855ATU (co-creation) TanetlulunAniLiauLmn
fun1seenuuuIIn (co-design) agdruiutios wiaznuindnsiunlduainuluuiundui

Ladlan153denenisfine lusagnunanuddsluvsunduasamansuagfnyieansuisdind

! [ 14

mslduwafnresnisinusuiuvesiingitos Fudunluriruiadeadeiunisesnwuusay

o‘d‘v a v

witllaasansluimindnIseldnuindunislonluiaivesninusiuile (cooperation) (1Wu

1 '3

Je39ustu yaesny, Tnysd duansod, wazuesdu Tauds, 2562) nan1sausudnesulniu

9 9 Y

I o

31 N15UMUIARYRINITERNLULSIN WkTluuSunAnyivesUsenalnedamulatey 39u1a
ToyadAgyNiasuainn1sfinyinmsvindeuuunseisintesiieds waziinssuiunis
eumutusauveIn1seankuusliuntaeiiedln

YaNINY NN5NILANWIANINYDINTYINIFLLUULATDUY 1138 FELAUNITODAWUUTIY

o

vosaguargingttaannsinululsenalngludagdu delianunsaldinIesiieinnilegly

Jagdula insigiasesiianinniseanwuuiinluniied Ialaiieasedunisiidiudiuves

(%
v v

AinsanlunszuIuN TR NWUUTINWINTY widildatusadliiulaseasn (structure) was

Y
529U (degree) MLiNTInvzan vz VU dUNUS (interactions) sninefidnsindwdu
9191y TdnwauzAuduiusdinisiuluuuleduisassdie Nagvieulfduiusuuy

#04N19 (reciprocal interaction) ag1sls liuideludagiuinasesioddenasldlunis

[ [

ANTITLUUULATBIELAEANTINITeNTuUIANNTEBNLUUTIN Fadinufaen1ssudundes

AL NONAIULATBILBLATL N U I NENINUDINITEDABUUIIUNIINISAN Y

(% ]
1A LY Y [ 1 a1

N353 UsTsEAvIRIdnUsAInanngslildarsaumaieifuujduiusiunig

$1M91USENINELNBIT9 N193F8ASITILTITN5 AR EAT U e dann (SNA) NaaeTila

Y

ansaumnafeIfulJduiuslunisinuseninediieates (Donato et al., 2017; Oliveira &
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Gama, 2012; Penuel et al,, 2012) 4Bn31NNITIATIBMAT U BFIANE InToyatiefiy
sUkuuATaghansUfduiusvesusazuanalusenitan1sinaung fuieliansaune

| IS

lugeaiiiagiissauanudulunmsviideuuuesedng dnsvihaulagldnisesnwuusly
szula uazdidnuaredls IngldAraiinisinaiotedsauiitisates (social network
statistical measures) 8na3e (Mccann et al,, 2016; Oliveira & Gama, 2012; UK Government
Digital Service, 2016) ins1zaztelwldtoyaddnylunisusianmuazdnuuznsiidouuy
ipsetnevesag fazidulsylonilunsiinsziyasunargaiimsiauilussritsnsiny
yo3a3 wazinanduusslovilunisdaadunssuininunuuinievesasifussavtnaain
wuafnvesniseanwuusliiuaslasely s1gazidenvesisnisiinsigmasetiediaull

£%

RERIND

3. N15ILASITILATDU8FIAY

a v

n1sfnwnAsaviediau (social network) 1WITN15NUUIAATTMTUAUNIDIN

=3

N15ANEIEIANTR (sociometric) MLd@ualag Moreno AILANFITTE 19305 MUUNITANEN
lassadenuduiusveyndndnual (set of entities) 1w AW NaUAY BIANTUIRTNg lng
Unauslugunnuaunmdauiia (sociograms) lagldiduien (edge) wagUunsagn (node)

(%

Tumstdnaueruduiudivaitiu (Oliveira & Gama, 2012) N3lasein3otnednniadu
NMyIATIERngItUIULUUANENTUSrI e U duTusvesuAna aeAns Tnguavau q aglu
YauLn (bound) #303EUU (system) NA%AUA
sUsuuANNdNRusvesYndndnwaimsdauiniiauslagldnsmniduesdninug
1% = a f U oA W I3 @ = )
Aungunim (graph theory) lupdinmans dumadiuana 09Ans Inquavau q Mlude
anwain1edeau (social entities) xgnUaUBAIEIANSOLIENI19ALOA (vertices, nodes,
Y A a v v ¢ ' a ] Yy A . .
actors) waziduToULanIANUFUNUSIZNI19gAITISNILdUToN (edges, ties, links)
anvazldueNrIamNduTuENUTINg luATevgealiviawuuilfiane (undirected) 138
1% =

Aa . Y A ! ) v & %]
wuuiifiana (directed) drypraiidudoussninagauuuliuazndvasidnvaziduwuuidu

L%@ij (dyads) YIDEBINN (reciprocal) (Mccann et al., 2016; Oliveira & Gama, 2012)

& a ¢ A 1 [
3.1 YuABUNNTAIATIZLATOUIE AN
- 1% a ¢ A 9 1% ° awv o v a v
Welvanunsadinseiasetedaulauazneudauifenaulatinivinislading
MvuatuseulunTnseiaselivdruietioy 6 Juneu (Digital Promise, 2018) usiaz

& = S W &
Jupeuilsngazidunsneliil
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1) vyUsznnveasIa1eNagdne (type of network) a93NLATEY18717BINTS
Anw19198M93U374 (shapes) Uagaua (sizes) Auaneeiu n1sszyinasedienauladinu
Juulsazdrgviliisndisasevhanudilavszsinvvestoyasnnisiiusiusudeya

wiantiuls WneUssinvveansetigasiegianun 2 Ussianvan loun 1) iesedneidveuwws

[y

971 (bounded network) 13U e UsEIANTILIIIWIVVRIANTN LA I BT TEYLe
ag19tauIndulasing wu dniseuluieasey way 2) wsevrenliivauin (unbounded

network) {wa3aneiilinsiuiaundnltunguazUszneulmelasing iuasetisnuule

va o

fonfivunlnguarianurainaiegvesaudngs §ideldarunsanianisallaaianiindin

Y

aunBnluasadnganusenaulumelastng

2) 5¥UANINIENALINUMTIATIEIAT B EFAN TAgtdinIYIN15UIedIusEyYIn

awv ad o

maAdenihlildnsinseinsetiediaudnagidumnnideluideussens (descriptive)

3

13013481973 (exploratory) tievimnudilassdusznounasnsinauresyananiely
130Ty n3e MndduunaszianeasaiuniseSuieindaunsnues (intervention) 1
iUl lunsiaunyaramaiuluedetelissavswaludaedodeldosndls fld

3) szyUssiamuaziamnadosielunsiiususndoys Ussiandeyalunisieszs

= 1 o

I3 v & ° & Y] % Aa 1 v
ﬂﬁ@mqﬂaﬂﬂmfmﬂqﬁﬂLUU'IUVL@VNﬂ']ia']irJﬁ]Q']ﬂLLU‘UﬂaUﬂqﬂJ Mﬁ@ﬂqiﬁLsﬁLLﬂaﬂmaaﬁlamﬂ@QLL@’J

—

(%

Juagivimnuitedesnsneudameyls el deyaillfesdowuandiifuiednuuses
AnuduusvesyanaluaTetie Ingegluguvesunumniedany (social roles) AudNus
neluasaua$y (kindship) AMUIANSENINIUAAR (affective) AsuaniUasuninens
(resource) N13n5¢91 (action) Sz8¥M4 (distance) ¥3eAIUALTUTIINNTIAANTOUM (cO-

s

occurrence) WanNaINi é’ﬂwmz%’amﬂammé’uﬁuﬁ (relationship data) mmaaasﬂugﬂﬁuaa

Toyawuuinia (binary data) wu 19 laily deyadnussian (categorical data) visatayaly

1W9UNTAA (interval data) MUITTEAUAMULNNTREALS FaDE19MInNNT1e 2.4 was 2.5

M99 2.4 dnuaizvestayannuduiuslunmsliasgiiesedngdiny

anwuzdoya A79E19ANNTUN S
UNUINNNEIRY Anwlimen ag e 819158MUSnw Audn ATy
GREHLY you ldvou i 13la Wetu wniu

nsnsevuasnIneIns  aus hewmte Usnwn Tivineu Ussya idanineans

nsiinnseuriu aglulsaSeuneaiu sglulsiuidediu egluuidnaeinu

na8we. Usuann Digital Promise (2018)
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4) szyisnislunisiiusiusiudeya nsdinseveiiiveunizealdnisiusius
ToyanIun13d1T19 Nk UUd U wien1sdun il egalsimuludiumiwenisiiy

Joyavedisdoizarfedidruvesseteiildszyinuiinerdes wiediunvliiuitaunndn

1 = v v v 14 ' U 1 = A aa @ ¥ P
AN € mmmamwuﬁﬂulmamﬂs G]’J@EJ'NLﬂi’e]ﬂll@ﬁ/lllﬂ?ii“ﬂﬂﬂ'ﬁLﬂUsUauuaLLﬁ@ﬂl@ﬂ\‘i(ﬂ?iN 2.5

A5 2.5 Medrunsadelunisiiusivniudeyaniatiedny

Uszinnvasdaya f1981979A19U

1. doyadiuyana (background data)
® yiuiearls
® yuyinauluusenia

® YNUYINATULIU UL LA

2. YeyarudNiUS (connection data)

2.1 Yoyaninia * yhuagavvisuNanisvihuliiuuemalati
[ Fomuin 1 [1 Foaui 2 [ Heaun 3

* yhuaglviduugiilunshnuiuyaealadie
L1 Fomui 1 L1 Foaui 2 L1 Foaui 3
L4 LY ' v a LY = a, v v fu 1 b4

2.2 Tegadauszian @ viwduamingdadie (WoauyR) danuduiusiuegialsing

[ waneiuuszvi [ wanwasuanui/deya

] fausaulunisanduls L] darsAalunisvineusiuiu

2.2 Joyadunsnma @ yiuduannily @eauyd) duiuslulseiudieluiiinndeeiiiedle

TUSUUTEMUDINS..... ASY/AUMA
LI IUUTEYLUHUI . ATY/AfIaU
321ATINT (project) AIBAU....vvvceeeeee.. A/
o A & a [J ay
Ulauona Ul duNandnInlATINITIUL. ............ Bu/4

nugwa. U3uann Digital Promise (2018)

[

Sn19idnfiednegn93de lun1snaununsiiusiusiudeyaven1singei

a

5)izq

= 1 [ ) < ¥ 1 LY} 1 a o v ] aca v a = 915

iwsenediaudnluazfesseyiniediideliuiegials FBnmdndasauuy Aa 1) sl
= 1 o [} & 1 el'd o W d‘ < i

130978 (full network) wsngdmsuinsevieniveuniiainusiuniudeyaainnnauly

wW3aUele TuuneAsws1979liunsuTIuAuluesat1eRTAueIalY 2) 35015 denseeIs

gy

Luufeuiiug (snowball) fldnwazvesnisuuzivendeyarafiduiusiuseliises 9 Al
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6) aflun1siesiendeya Ingn1siianginsedigdianaviiunisldviauninves
foya (network visualization) tlensa9aeudnvazlassairandesusraveaadedieing
sUsuuBuegils uenani mydiaresitoyadildaaifieietnedsnm (network statistical
measures) Wag failiAietnedsan (social network indices) aztoneumanidedmiu

AMsATIEI b asaumaludsUsuna aseludiuilaznanassieazidenluiivenald

3.2 dnwazlaseainevaaIadie

dosnmisfinyiadedl SgaUszasdifiofinuilasaadne (3U919) (shape) warseduns
yhauwuunsesnuuusitlunsifidouuuinienns essiaaeuindnuuznsviideven;
Tudagtuduegals egslsiniu wunAnnisssyusaunsetieduninnisaueely was
fsundoiienfiunneeiu lunisifeadsllfnanghiilosusedasadsveaniors
(type of networks) L& 7 Usewan kA 1asetneuuuiglaniau (star) 1A38U18wUUN (circle)
w3ovnuuuls (chain) LaeUnsLULIALTaNREYA W30 9ARBYA (point to point [P2P))
weetnguuudulsl (tree) ia3avnouuunas (hybrid) wagia3etofilaifisusns (unstructured
network) (Bavelas, 1950; Gladden, 2017) LLamé’ﬂwmsgﬂéﬂﬂmaa%wmLﬂ’%@ﬁdwﬁmuﬁ

wWANAINULARININ 2.4

@) @) @) @)
o] 0 @ e o o
o l f Q o
O’/‘ '\‘O O, .+° Q"O EOJ ?
Vel
@) O @
flanAu (star) 24 (circle) le9vi5aLdunse (chain) suldl (tree)
. aifisusna
ALYBUABYA (point-to-point) wets (hybrid) i

(unstructured network)

AN 2.4 SnvaentoUszlanlaTias19veATen Y (type of network topologies)

nnewmn. YSuannuuiAnves Bavelas (1950) uag Gladden (2017)
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3.3 @06 FUNISINFNTNLASTDUIYHIAN

[ 7 7
U I

wanINNTAATIERasaumaduirunudl n1s3deassliinisszendldrais
1A30U18dIAY (network statistical measures) wavARviliASaY18deAN (social network
indices) MAEIT94 LiaUTTYIANNVBLATEYY tnesutun1siinsievlilaansauine
d‘ (% % o =) 1 gj (% % =] 1 IS a v dy
NeauseaunsihnuluesetnensssiuyanatayseaunIeYie dnvasidunnialuil
3.3.1 ANaDALATEYHIANTEAULNTEIN (actor-level statistical measures)
AatAnIaYIedinuTEAugnTeYin vise Aadaesetisdirtluseiuyana gaunis
Fasgauauduaudnang (centrality) vesuanaluin3edie aradandnisld lawd Ans
(degree) ANAUNATY (betweenness) A1A1UTNATA (closeness) WazAlolnulINAes
(eigenvector) sy nsinszauanudugudnadldusseneinioynnaoglunsetisasd
[ [ ' [ ! ) s oA [ £24 1 ! a o
Aasanwaluegels Mmylnranudugudnannuindinmsiiluldegawnsvaslunuisy

nsdanueans ulwimilavagivesainnuluaudnansnig 9 wannanin 2.5

Highest
betweenness
centrality

Best
closeness
centrality

Highest
eigenvector
centrality degree
o centrality

v 1 [ L = 1
AN 2.5 ﬂ’ﬁ’J@ﬂ']ﬂ'J']ﬂJLUU@UEJﬂ@’]\‘I“UEJ\?LﬂiEJGU’]E’J

91484, Ortiz-Arroyo (2010) %1 30

a G~ 1

3.3.2 ANENALASDVIYFIANTEAULATEUY (network-level statistical measures)

anninszauLas 0Bl un1sInAEiA lUN NIV UAS DU UIOUTTLIYAN UL VDS
UTTIANTNNEY LA30T18808 (subnetworks) V3L (communities) WileUsTan1nues
Joyalusyauiniatny 1 IWIAATRYY (size) ANUNUILLY (density) SeAUdITUSERINIg
(reciprocity) A211N119U99LA38918 (diameter) iwwwﬁguﬁqmium%aﬁw (geodesic

distance) n3anszuaus¥szdunisivalisuvestoya Aniady (average of degree)

s
a

duUszdndngu (cluster coefficient) WWudu (Mccann et al,, 2016; Oliveira & Gama, 2012)
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77
(% LY A [ v A v v

n1sldadindnseauinseviedianlunisiduasell dyngmunaeldlunisinssdudn

1 aad

WUSNAFIADUANNINITIAINTAINUA INNITANWILBNFITUAZIIUIVENUINAERATILTU

[

AvilnsetnediauitdAglunsideasal asdunldnesassdvilne 1) dviiinseauuduius
#9909 (reciprocity) ag 2) AIMNNUILUUUDIATEVNY (density) ATTLATOUIEFIALTINEDI

FUALNY LA AUNTAIH

[
v A ) U

1) Aflszavduiusananis (reciprocity: r) iudvdnusdnuaundfanizves
13w UUIITiANe (directed networks) Navioulmiutsuunltufiziidutouy (dyads)
Usingegluiaiatig (Oliveira & Gama, 2012) F5lunsindvilseauaiuduiusaninisluy

a A L% o ¥

a o v v A aa 1 i d' ral A i
Lﬂiamammiamlmwmmﬁ 00T NNYABDNITUUITUIU LauL?I@N@Vlﬂiqﬂﬂiuw’ﬁasﬂqﬂﬂa

Suruduengiiululdviamma edslsinuasnsfinanotaditigniiesan liaunsa
Wisuiflsusuilsyninaedotieifluuinunnsiaiuls waziitymnsddfidudensntu
InnTmsrnanudusTus (Garlaschelli & Loffredo, 2004; Nepusz & Csardi, 2020) Falu
nslundaiiagl il Tnves Nepusz and Csardi (2020) fiiinssanisdeymenandredulae

THuuaAnnIsAwIINUYINGUsETn (adjacency matrix) feaun1saelull

Zi’j (A' A')ij
Zi,j AiJ' |

r= 0<r<1

(Nepusz & Csardi, 2020)
W A Ae wvSndUsedn (adjacency matrix) Muansauduiusssnitaunnaly

wzednglugvming

2) fivilAaun ULl uYeuAIeYY (density: D) yeinn1sieulesiuseniteyana
Meluasev1y INdmnuduRusfuunlusyeule TnetenuanndnsIaIusenI N UILEUR oY

PN [ = 1 1 [ 17 A & a & Y v
Mnngeghuaietneseduiududennwuedululs dsaunis

D= M’ 0<D<1
E..x —(N-1)
(Wasserman & Faust, 1994)
fo E Ao Sunududenivnngeglueioins
E

Ao Sududendululdfaunsausinglueiedie

max

N  #A8 91uUauTN U318 (UINATDUY)
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NANITNUNIUITIUNITUTINUAT AU N1sULuAnn1Teanwuusnanlgluusun

=

Anwvestszimalnedanuliies uazdalifiveyanvieus@anmitaeriouliiulasiaiauae

szAuveINIiideuuuAIevisluuiunive Jaduduseddifuiieliliunddoyauvann

¥
Ay Ao 1

FINET LAZAINANITIFTTAIN 1ATIAS19IN159INI AL lTN1T9DNLUUIIN LALTLAUAIULUL
1941571 uuLIATeY I A adineteslanandnn1TITe Niluse AnSuaiiuay 39

ndusesimmunmunsnusundisdudiung nsideaslasndriunsinulafmeluil

4. NFAULUIANVDINISIVY

[
v AaAa v

noulwIAnlunAfuasliidnysiAsatesio Tnssairanisinidelaelinig
PENLUUTIN TEAUAINNTLYDINITYINIILUUULATOUY HANEANITITY wazlUsunTuanie
yanaLiiedaiaiunsvinidouvuiaietneuesngiienaidulivansguuuy

MnAud R IeINISEeNLUUTINIEITuT RaudeRnauiedagtuiinsdinwedng
WuduuagiinisUszgnalduulfned1sunsvaty lngvatgunasaiuayuiinszuiunis
ponuuuTRETIsTlAansasassAuiansslvtinensnusufuseninsifeados
wariaivseaninaunninisyiauiiesiheladenis (Cobb et al, 2013; Curnmings &
Kiesler, 2007a; Lungeanu & Contractor, 2015; Rexfelt et al., 2011; Ribes-Giner et al,,
2016) mafinyilunsisfsauniguinssiuamnduresnsiidouuy dnasdunautan
nsviAdeildnszuiunsesnuuuIniuseansam uasnarean1ieuLUURenuUUT i
fiuszAvsningainasteneliAnuananesnsidefifiuinty Tuunsdertu sedumiu
FmesmaiTeuuuedeteffanudugeinadduts il ianaauomsiferifudu

HAIINNNIATIFBUANUFUTUS TEnILUsNTVITIdevesasingldnseaniuusiy
sefuauiduresnITitenvuiadedns wasnandnni9ide lunisideadadagrinlile
asaumadieyinesnuuulUsunsuIzyAraLiieduaSuNSITIdLUUATeTEYRIAT U
PhesssNmAnsiiTeresasifnisesniuusmuandeiu uazliszfuanuduueniside
wuuAeteiiine iy g linandnnsidefiuandaiudg mamisnisduasuazseai
Timngaufusssurifuardnvugnisieuvesag fofu TWswnsudaadunisvieun
ndnnsoenuuUTIY Tislsimuntuiedesdusznounmelulsunsuiifiansaumauusiudeuly
pulassadrauazaudnwugnisieuresay derluldduaiundrvgdimanovuadie
auduiusFkUsionaad1ed anauduiusseninaiaunusang q 9196y awsoudnd

ASASNTOULUIARVBINITIVUASIULARININ 2.6



TAseds19n1snIelag 1y

N1329NLUUIIN

SEAUAMAULTUVDY

N152YLUULASDUNY

NANANNI5IVY

1

TUSUNIURNITUARALNDEILETY

N1IMNIVYUUULATIUILVDIAF

NN 2.6 NTDULUIAANIIITY (conceptual framework)
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A5AUNI5IY

M333i389 MsimlsuNTuRNIzYARaaALa3IN1TINITBRULIAT 0T UDIAS
lngldiineniseenuuutinluasedl dulunisaiuinguszasdniside 3 48 laun 1) wive

WU LULAANTITIALALLATDINBIANTTYINI 8 A8 lUN159DNKUUTINLAL N1SVNIFULUULATDUNE
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s3sUBIRVeINIsANYIATaTIsdInuTudn yazeIwIN1TIATIEMTIE1519 (exploratory)
sULuuAdNTuSsEnIsuaraniagluasevne waglunsfinwessillinsuvuaesetied
Faau Jeluisnsinsiangadtumsivunundieg1933e (Digital Promise, 2018)
! [ va v Yao J v 1 = o & ' £ 1
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nsnreideyaialuasldadinuguluniseuenudnuuey uasdsraunisally
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A ! PN

Fuunirguiaeiedeiieneilsidunuule TnessyBegusisiiunnnedu 7 Ussiandisi
seyllufienndaufufnng

2) Myhasennsediednuluseauyana (actor-level measures) 18M33As1e9iAN
mduguédnans (centrality) léiuA 1) An3 (degree) 2) ArAUNaNs (betweenness) 3) AN
aulnd®n (closeness) 4) Anloinutanines (eigenvecton) Tnelidayaillunisesunsdnwos
UNUMIYBENBnluATotne

3) szAun13viNITelagldn19eenuuusIn (degree of co-design) WAz SEAUAIIULUN
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sudanunuibduvetnsavielnenqldlulaedefsunum (role) AknnansueaauiIdnly
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' - ' P Y A ' = ! PR a ) =~ ] Y
N31LAT09187 2 A8AIINWTEIN IATeYIENTaNITN atEngurIauNuImMIEldAINS
ANNANLNTONANAULITINAUYI IALAS DU TULTITUY FIADAAADIAULLIANYDINITODNWUY

$3 (vemyl Asudanl®, 2564) vereanunvasiBuan1susuAGstiaAL ARl



55

weiANN15IRsEAUN1INITelaeldn1seanwuusiu sglddviujdunusiuvananig

v [

nelatisnuved Nepusz and Csardi (2020) IngdviisiananiinsususiAaneyiufduius

a

LWUUALANLAY kazaiunsaSeuiisusedunisiuduiusasanislunsedienivuin

U

wanenafuld wadeeaifamidesanulivindisnfusswinaunumaesaundn azthy Ml
2 USURAAIAIYTIUIUAIIUNAINRANYNINUNUINVDIENITA (diversity of the teams)
difundaiifn s niseenwuuiuiindndniunisaeldanudeiitinisiauesd
ﬂizﬁw%mwasé’aqmzﬂauﬁmqﬂﬂaﬁmmﬂﬂ”ﬁwé’aﬁLLmﬂm'Nﬁ’u (Sneeuw et al., 2019;
Zamenopoulos & Alexiou, 2018) ¥l ldaunisildinsedun1sinidelasldniseenuuu

371 (degree of co-design [COD]) fvaan1s (1)

COD=r-DT (1)

v 6

Tnel r fie fudujduiusiuvasame AldannsdanaInaunIsves Nepusz and
Csardi (2020) uay DT formimiiniuansnanuvainvatevesaudnluaiote (diversity of
teams) Inen DT agflutreiidululdde (1, 4] Ywdndidaminazunanduauanninly
ipeveTilunumALAna1s UG

Turaziierfuandemanuduresnisihissuvuedotieadsiiswan sedu
Ufdsiuslumsinsnusznineguasiifentesiiuansianmanvatsuagdnauvesaundn
Tusziugs desviinsedodsruildlunisinfie AumUILLLYDNATYBYBY Wasserman
and Faust (1994) Tuvusufsadu fuddazldanmpaunalunisinannuanudues

A 1

L3918 TUNSAINTVUIALASDUIYLANA A ULALTUNUINVBIAUITALANAINAY AIUU N1

[ 74
U A=

ASIHTIUSULARIAIY TIUIUAMUNAINRAYNTUNUINVOIENITA LAZIUINVDILAZDT1Y
(network size) IngvunalpIangazsisUsulnaAfstaiusalussuiisuiutuaIou1e9
wnna1eiule ldlaaunisiledseauanuduen1sviiseluuLA3eany (strength of

networked research [SNR]) A4auns (2)
SNR=D-DT-N (2)

Tneft D Ao fuiiAunuILLLIeLASeT1881833N15ALALYB S Wasserman and
Faust (1994) uag DT AeAunwiniiuanianunainnaisvesaundnluieiedne uas N i
YUIAVBAAIBUNY (network size) WIDIMUINALNTN IULATBUE

Hosnmsusuudanhlisvitiaesinay aadilmifldasianiu 1 §3de3asy
azuuulveglumingaziuuinnsg1uiiefeds Max-Min normalization ¥ilviandviii{n

TEAUANMIINYDINNTYINIIBWU AT LR lUY [0, 1] Auifiu
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4.0.5 lngld Package Miafodlunisdnnsesvindayanaznisinsginsotiedanu Lawn

» o

“qdapTools" “dplyr” "igraph" "network" "intergraph” "sna" wazld Package loin "ggplot2”

non

"ggraph” "GGally" "tidygraph" kag "ggnetwork’ lun13diasigninazas1aviaun1ndaya

38978 (network visualization)

1
v

2.4.3 MIAATianaaauaNyfigiun1sIde & 2 Ussiiudesnadl
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YA o
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NTIATITRENBEAUFNRUSVRITEAUNTYINITelagldn1500nwUUTIN e SEAUTEAU
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o Al

THn1509nLUUTIN LazAUTLYeInIITELUUAS e B TuAnas iy 2z finandnnisided
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SEAUNITEBNBUUTILLAZ AL LB TR o e Tiwua T u Tz ldutus fud s
Eun59 (non-linear relationship) eldanuisafiveldnisdinsisiauduiusvosduys
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LHUNINNISNTENY (scatter plot) lunsaSutednwuzdoyausenausdely uwafianseiy

N

% v

2N Uy1AIuN1T9IMUN T2 AUTOINITOONLUUTINLAZAMLTNYDINTITIYUUULATOUE

e3°

sanduauszau Lok sTAum sEAUUINNa1N wazIEAUEs AUA1SN 3.3 lieduwunguiuy
(patterns) v3elUslwd (profile) ¥89N1391ITev09ATLA 9 UWUULARIAINNTIT 3.4

¥

soudITedldgunuunselusindnisvindideiunnsaiu 9 sUuuududuusiu uaz
THfuUsnanann15398tdudinysmu lieAT1ERAINNLANAI9YDINARARN1SIVY DU
Haen1a1nlaseaien15iTeveensnaeiu winigfuUsHandnn1s3dedinisuanwawuul
Unf (non-normality) wazdruiuagluduazlusindraudisfvuinan nsldadaluns
Wiguileuaade Wi N153AS1%ALUSUSIU (analysis of variance [ANOVA]) 81l

| o ~ % Hvaw =« qu a ¢ a ¢ ¢
wizauwilsin eyl Tedddn1sinseinsinseianuwlsusiueuuud
(Bayesian ANOVA) %38 Bayesian ANOVA lun1siUSeuiieunanannisideainagndlusing

o

WIsURUUMSIMITeuanseiy ienaaeuauyigunsideluaesdond
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ANRYU STAUVDINITIDAUUUTIN  STAUANMULTUVDINITIVYUUULATDUY
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n1saAsIziienaasvanygiuluasallly Package Masaveas laun "sgplot2”
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“dplyr” “BayesFactor” lun15dnnsgyiideaya N5 ATIEVANULANAIYRIALARENANEANTT
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t t t |
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3.2 MIWAILIL LMY LU TULRNIZYARS
o gTulUT NS UNSANEAS AL BIINNANITIVENITUABUT 1 kA 2 HUABNNTUN

w3eelieaInn1sidediun 1 nldduniosdolunisussiiunuesresagiiiodwuniusing
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v

3 a v o a [ ¥ ¥ I~
1) LIU2UNALAT UL T UURUATENYN LLﬁ%LﬂU“U@JJ”a"UE’NZTLSU Taonldaruaunsaden
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Y

\Weylusunsua welddaasunisiidevesagiivangiunanisuseiliuvesyldlude 2)
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wansuananaaneyliiluneynna eludiuiaziludnuazvedusinsuanizynna
4) ukeundnduausoduglasianInan1sUsEliueTsuAn1vIIdeved e

Augldvudy 9 lnsuannaludnuazvoeiasazvain1svunnaIendanu (match

percentage) Waunsteuazdoyanisinnefdnludmsunisinidesiudusdelulueuan
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1 ]

Tnedanasiulunisivansiilusindrdtendanuiuazldmanuludiud 1 waz 2 unlglunns
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Waun1sdug bawa nrsfivssaunisallunisaeuiindieiu nquansenisiseusideniu
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o
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3.3.2 AwsNvassnnuiuleunainduiide snswamn

Juweunaiduidulusunsuamzyaeaiiioduaiunisiidouuuiaioinevens
vosnglundatl sesfuianmedldnuiiduag Tnedilinseunqunauilddidutnnisnuay 1
W Jusmsanufny Anwilivan ennsdunniverdy dn3devisetinivnig nsaiiuns

fauduneaundnduluasalifusnaveaseuuianun 3 d1uee ssuvalnsuazni1sannig

€

a

DUAANNTN TTUUNITUTELAUAULBILAL NITUARIHAGNEUDINITUTELAUAULDY LATILUUNIT

[y

Y
uARsNIanvarsTIuNANTIITeameadiy TeazBeauandlunaniside

3.3.3 fusieniseanuwuudiudauszauiulld (user interface design)

Tunseonuuudusisesiusunsufteglusuiiuueundiatu fAdelddaidusiwes
miheouanimadudeUszaniugliviesionsn (mockups) Inetdususaiisansn 4 Auans
Thiiudnuaznisvianu etansmansiiiunislufanssunisimunivie undiadunis

A9d3U F9g 19N URINTVINIIUIUSHASUAININ 3.5

3.4 Msnaaaslduazuiuusalusunsy

nsnmaesilusunsulupdaihifunisinuvuindn Tailgsidmunelunsiiusunsa
finmutuluneaeddiitednemadnslussosen winsinwasetiiuiisanzdusuuves
Tusunsu lunnaedlfuassausanaudndiuseangudmane Tnsnimnaesldluduild
wIAAYRINSAnwIALaasatunisldeu (usability study) Miludiuvidavesisineinis
WeUszaun15algly (user experience research [UX research]) lng3nuszasduainig
noaeulundsiiiielilédoyau faurussenigldiulvsunsuiivaundy ilomusua
Anfiuspmeadlfnuiifselusunsy fastretuuamdunisuiuusuasianulusunsunis
duaSunisvinidelvitiuasaduanysaldelulusunan M3 ietumentl Tseasidenduoluil

3.4.1 {lidaya (%)

Tunsmsavseum ML ITaL Ly A LARTuATiRe TUs ARSI SdLES T RN Tu

i

dideldldnsfndenagiieiBn1sAniEeniuua1zas (purposive sampling) 3143 2 AU

[ = [y

lngdnFenannanIsUsiluauesvaIngiLansisseauvesnisidniseanuuusmlunisvi
qu‘&v [ [ YR % :Jldyd d' [ 1 oqu‘d £ 0 a o = 1

Wendeegluszautes Mailiduasneglunguinidenianuduvenisinidewuuiasediely
sEAUtpaliuLAEITY o TImnTIdeuANUWINzauLayIieayanedtuamansaly
A5E91U09 I UTWNTUNTAWES U ANRIUITU Imaﬂummﬁuﬂﬂu‘liqGaué’qﬁ’mmzmimmi

nMafinwTuiiugy wazajauiaenluaglsnseuase ddaunivendy



WUsunsuaulasumsnnddguavng

TUsunsunazainadaasule
Mulfiaudiuanlunisvinide
1ngrunaniasulszaunngal

DA 1NUAZHARNI TN WRILN YT BT

Sasnmnieaveivifantusn dmduiiiinFagudn

wsoulasums dssuu
H Login with Facebook v

PUNDNTLINVDILUTRATUANSALES U

anuyouzmsiiugavmuduagls

Tutiag 3 Tk uviuyiheuse idulasting

fvualsziiuisataunvasiiygmnsanisutlaiuginesda
(wiu deymnnsBauvastinieu Joywinsianisaaunaulal
wa9pg deymlssamsuaslseau domnisnduundeiaun
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WUsunsuavasunisiddguavnsg
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onll gnian

nineamzllsuaNdn
WUsunsuaviasunisiddguavng

anuvtuzmsinugavmuluagivls

NANTTUTZNUTNUT AN HULN19YINITBILUY
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wavszlaniviuaunsodissaiarinifeiuyarandanuaulanseiul
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nsviidevesnuasluigenledludmielunisin
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NI NNANNTITUADUT 2

WUsunsuaviasunismidguavAs

Tsla aupgiannun qunsnuatng

{295 aunasanuingnAne awinguasueil
g

AUAZN Match fMudnuazNIsYiMauavin

@ AU NRFUTH Fanud)

TsaFauaszanalan YmdaRunlan

Match Level 97.31%
. o e a o .
AFUAN LATYONU @ern) - Match Level 75.33%
- TnvFauinieinsnneu Ymiauund

aanitusindmagdayanisinsia

News Feed anuu:msriiddgvauriiu  Profile QMatCh!

nihvsuansfosazanuaiendvensnilusindadionieiu

dieUstlevillunisuanildeudeyanisinselunisuaneuinwiseinsiduseluluswan

MW 3.5 fusivegieredusunsu vk undindudaaiunisvinidevesng
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3.4.2 M5LNDazANNYENSA208197398

N

va o

FivindovenuswileluilsaSoudifiagiinssmunuandiviinue 91ngide

Y

e

~

I3 1 <
AN ‘UﬂE‘VILUUﬂaiJLﬂWMlI’IEJ (Eﬂfu LW@"UE]EJUEU'W]LﬂU“UE]QJaﬂ’]i‘l/l@]ﬁ@\‘ﬂsﬁﬂﬂmiﬂ‘”l wiou
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“ULLf\]{ILﬂEJ'JﬂUi’]EJa 2199nN157398 11A28819378NI VLA @D UNINAIINTUYDNVDIFIDE1INIY

va o

LNANTBULRNITINNTINY ntudlavuneTunaiazainuazidiluinudeya § TRLIIER
Tifeg1idensiuindeyaniudniuiazdoyatloundu (feedback) v09n15ldau uas
Toyan1sdunuaiarliilome uazlidiludnisseumnu nan1s3feasdnauenimiuviniy
1 & g v v = & v oA 1a DX aw
agelsfinny minasiluglideyalulsaseutu 9 asudivieliduseulvdeyalun1sidy
Adeasaniiunisdndenuazfnselsaseuniiagnssnuauaudiiieiiusiusiudeyatn
lngagliiiinameausionsinaudinedy
3.4.3 vauvgvasdayainulunmmagaulusunsy

1 oA

fuUslunsidednilududsndeiavsefuniusindeyaluseninanisneaely

9

wazraensidaulusunsue vodly ineveyauilddmsunisusuugsiauidssaunisel
Wl (measure and improve user experience) luauian lngAseuAgUelAUTTAUNITAIELY
AuanAR (attitudinal aspect) wazdiRuszaunsalgldiunginssu (behavioral aspect)

TneusasdiivesUszaumsaiflifiaslfifusunadeyaidomiBejoansded

aa

fRmuanaRson1sldeu (attitudinal aspects) nunedia Auaniianala Ysevivla
wdawmau warldlusunsulaglisdnduaulunisld anuwediuselusunsy waganuiiely

voldlunsianseanlusunsulussendld

aa

famunginssulunisldan (attitudinal aspects) vunedia waAnsuvolinasiou

{
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fhogretemanlumsdunuainiie q ssoluil

1) iuddnegnslstuluaunsy Wsunsuiifmuluadsddrsliiudnimelalu
Uszirulatng egnls @Rduanad)

2) viudesulusilusunsudnioll aqﬁmmiﬁié’%’umﬂiﬂiLmimh&fLﬁvhulé’

wualun1svinidemsldlenseld ag1als @RAuULInAR)
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3) A lsunsulfauganvidelal senineiinuldnuiidnlaveslusunsuiiia
Joranan Uszansnmuedlusunsudusddls uanmaldgnisaseasuiuialy @fdu
NEANTTH)
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1.1.1 namsduATzvUsTRuead e dasensluasasiiesn
INNITANBILDNAITVOY Burkett (2019) Design Council (2005) d.school (2010)

IDEO (2010) waz Sneeuw et al. (2019) Wu3I1 mimaq%’umaumﬁaaﬂLLUUéauIﬂaﬁ"ﬂUﬁmi

4 o

UNaUoENN1SAINTINNLU SR sivaizidvieus iy WeussendlduuiAnves

= v

N1599nkUUTIuIUUSUNYDIN1591T4e Fedeaiinisldianssunisyinideduiilannlu

msimualedU  UAnsvewnUskarnsiauteen1s NsalasysannsannIswae

JunauN1IMNITeTUTsUYRIATIAZNITITUUUUIATEUIBIINUWIAAYBY Czuczman (2006)

amee nauna (2549) uazadua 1899180y (2555) Han1sdamsiziUsyinuveansinideluus

[%
Y

AvTUNIUIIUNULLIAAURINITaNLUUTIN et lUTdWmuLAT09ile wanimamis1e 4.1

A1519 4.1 nan1sdueseitenuLazUsyifunazilUldlunswauntesenisluesesile

Jeuf1Us¥a9rUsEnaU

Usznunldluniswaundasiens

drsrailymn (discover) e wofnssuitasvioulvisiuda
dnyrunseasislenidlunisviia nsaseanudila nns
wanasumnudesnis fvzeenuuuisn1side msuidaym
Hieu viemsiannuTanssuiiosudsauasiaunmsieu
msaoumiuiieates uandsudeyaierfulyman
Uszaunsalianzyaaaiielildanmilamiidesnisudly
Sy uadimssmunnsgnthinasunumuesaudnlunis

v sahuunglunsyhausiuiulidaau

* suiieadanguvieinieriglunisvinide

* aSupnudnuisiuunumvesandnlufiuiddes
* fuaUsuiiudeveumeuilymieiideegnanie
* Lanudsudsvaunisalifeadastulssidauise

* Lanwdsuanuauls anudesnisiisatuusedulgm

Joymifeanisunly

nsdenulayvn (define) vanefia wenssuiiasviewliiiuia
msdnsnutlymaniinnuddgiioasiionnlunau nisti

1 a < A o9 va a
doyauarlinszvimanvgivililindym nsuanilieu
FBnswavwwnendululafasudladymaensisense
ML InnssueUSuUTImasiauINNsBBuN1SaeU

Safuiieates

* dnszfouyuuesanuAniiuvesidriitosinveutun
Yaatlgyniive

* Aaseviaivnesdym

* Sngrumnuddguesilyniferisesnisudl

* Landsuuasfuuniinas wiesile uazuinnssuiierly

Tunsudladgm

asfiowain (develop) maneis nofnssufiasvieulvidiuds
msmliuniseaniuu msasevsedavinisnsuslatym
winnsu viesiiunAfemunuunisiidinun thuuuvie
winnssufisaufusidunslulflumsufod wususndeya
vz insslUld wasdinnsiadnsiintufugsouan

Asthassiueenwuululd

® a9ilERRNUUULATASINHILNINLYININANUAR
av A = A as
(@anuUUMTIdy FensiSeunsaeuiveoidnlomn)
* nageuFifioaniuutusuuazyFulTsdiosnuuy
* aflphdoenuuulugnsufin
= D) ' o a A >
* iununudeyassninnsiidiesnuuululd

* Aaseideyaiiiniuainnstiluujua

Uszdiuaziiouna (evaluat) vaneda weinssuiiaeyiauly
wiuianisaguranisihuinnssamsedsnsiisiwesnuuullg
NsUJUR avvieuAniieaiunanle lawegafindsimunieiv
nszuaumsvhauiiethluusuugimsihnuaswely vene
| v v o a ' a_ua o
avsedeanstedunuannisnniunisiugnisufialuuiun

dUNIBLATEVILDU

* fanunan1sive (Msuidayn) Mietusasaztoudn
Rerfunadnsrdetefumuiliintu

o Idoyatoundurionsviifouasmasuiusuaduioly

* doasuasnmeunsnantsiseldnirwnedy
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1.1.2 Han15ueINAMNTURUTTENI19YAAA TUNTEUIUNITNITIDNUUUTINLAL

ASIVYUUULATDUNY

v v
= v a1 &

\Wesaniasesiledduluaelyunusiunudeyaanimnisvinnuseninauag

1 [ A ' a A 1 = s X< . A
dinetedludnuuziaiedng lnsvliamiednglunisAnwiaseiifuwuy Egocentric n38
A = I A % A [
\ATRYIBRNIEYAAR (personal networks) Nanusaseylainyaraiietedhuaietiedulas
funumezls wazainisadeuanuduiusvesyanamaituluniotisls Feaziun
nstonludnuauz g uilinMIiuNuAn LIRS (relationship map) Tun19338A53U Avue
v v =) a A 1 0 Aawv :.’/ ! v ! P 1
eI UBIToaNN TN uATEYIEN15YIITY (actors) Navaa 5 nau Lakn 1) A3 2) liausIueu
- Y a = = a ¢ & A = ¢
Y89Ag (WouAg) 3) Juimsanudne 4) Anwrdinanwaiuiinisdnew uag 5) 813158
B

Y]

UWTINYRY TN

[ A v

grTetinIYINT wHUNANENTUSYeIYARAT I uandlafann 4.1

a o = a '3
DNNTTUWIINYIAY MG mmmmm e Anwdmen

%

NABINITLVANUT

U g o

1NIY WNIVINTS

aslulsaSeu

Y a = -

WUINITEATUANE (AgTfuilousine)

o

UduniuslagnsasyvineasiudineItes

v v s

---------------------- Ufduiusiuesseninayanadu 9 (uesevieveny)

AN 4.1 URUNAUENTUS (relationship map) luwasedngn1siidevesns

NnuRuTnwETUS WeBnngidundn amsaduundnuazarmdiiusvesyana
Tuia3edngld 2 Usziam fie 1) mwduiusseninafiioadesiiiiufjduiuslunmssivag
uay 2) uduitusserinediiendesdu q Alildufsmiustuasginenss Gayaeamdntuana
fanuduiusfuedlueietnsldse uenaini nanmsfinyienansuasanuidenieatumsh
Wovosngnuin yaraluiaietisonaiiunumionisidevesnsldunndneiu Tusgiuinyana
wanuluiufduiusdnvazeddlsdedy Wothunfiansanfuuruiinuduiusanse

v o s ! A 1 a v A & Y v
LEAIAIMUAUNUDUDIUAAGAN €) ﬂ’]EJGLULﬂﬁa“U’]EJﬂ’ﬁ’JQEJSUE’NﬂEWL‘U‘ui"diﬂ AN 4.2
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A1509 4.2 nansduaseiguuuuenuduiusnilululdvesynnalusevionsidy

v e dnuazanuduiusidululd ¥ila suluy
AMUFUNUSTZN I . . . .
(relational events) AUAUNWUS AMUAUNUS
A3 A3 - sy udeiuvi s suudlym Undirected hly
- iy lasunmstnsuliumiey Directed
- WARY AWMU waenduAniY Suilsaudaiu Directed  uaniasu
- LeRunds nsedu 99la Sumsdaatu lasunisnseey
lisunsgela
- TiAuugth TidSnw Suilenuueddt Sumsuinwr Directed  Wienumiiewide
- aduayuninens supnutiemdslusnuninens  Directed
- Tiaug aou edune Suils Seud Suilanisesue Directed
- Anny Tideyadoundu azvioudeda Sun1sining Directed avvioudn
- Suteyaleundu Sumsazyioufin
HUIS A3 - YUY e Sausiawn Al Undirected iy
an1ufine - dngaulinnyihenu esunmstngauliinriny Directed
- WAAY AN LanrNATY SuilsnanuAnudi Directed uaniasu
- iBunds needugdla Sunmisdaetu lasunisnsedy
Iisumsgdla assussennanisviausiu
- Jvn avfuayninenns Wsuanudiemdenminens  Directed  Wenmumewie
- SwAnuazaINlunsie hfunseuieaiy Directed
azmIntun1svneT
- Amny Iideyatoundu asvieudefia un1sining Su  Directed avvioudn
doyadoundu Sunisazveudn
Anwiilmean A3 - sy sadediui s saudlym Undirected  uaniasu
- dnylvivvinn Tesunsdnaulvianyihem Directed
- YAAY AN wanANATY SuilsnanuAnudi Directed uaniasu
- daesu naedugdla Sumsdaaty lasunisnszeu Directed
lasunisydla
- I afuayuninenns lasuanudiewdeduninens  Directed  Tieanarewie
- SruganuazaIntunsvinenu lhfuniseieaiy Directed
avmIntun1sva
- Amng Wideyatoundu avvieudefn Sumsining U Directed avvioudn
Joyadoundu Sunisazvioudn
9191358 A3 - sy Twdeiuvi s smunlym Undirected iy
W IN S - dngaulvisnyihau eunmstnsulinriny Directed
({In3de - WARY AWMU waenuAniY SuilsanuAaiu Directed naniaeu
w9 - esuwas nsedu 99la Sunisduatu Tasunisnsedu Directed
lasunsydla
- Tiduugid TidUSnu A Suilsduusih Directed  irmnumiaewide

Sumsusnw Sumslav
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v e dnvazanuduiusidululd vila sulUY
AUFUNUSIZUIN o . o
(relational events) AIUFUNUS AMUHUNUS
9191358 A3 - Tiaug aou edune Suils Seud Suilanisesue Directed
WIngdy - Amny ideyatoundu asvioudedia Sun1siming U Directed avvioudn
(Indy doyatoundu Sunisazvieudn
UnynIs)
Anwiilmean HUIS - viheusindu sauleduni sauein sauundeym Undirected vy
anufnw - dnealinnyienu Wsunmsthuliunriou Directed
- WARY AWMU wanALAnY Suilsnnufniiu Directed  uaniasu
- daadu naedugdla Sunisduau Msunisnsesu 16U Directed
n3la
- o afuaunsnenns lasuanudiewdeduninens  Directed  Wamuwwie
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Funuulunmaesdd Saldihdeandiudluldlunisifiudesionisionssaludui

HAN1INTINERUALAN lLINBIvaIngu N INgueIn1TIdE tnen1sidenyliveya
TUNSEUIUNSHLUULE R Alideyausznaumens 12 Au fusnsanufne 3 au 019158
uAneds 3 au wazAnuidmad 3 au TngUseidufaiueiediefinguidvaneayiiou

1Y

tafnnduuiaseuagulusasndlaluntwinldlunuvasuain JULUUNITABU Lag

]
=

arnadululdlumsne mafiintunui froudivinaiestoideffuutulsuuuunismey
fireudnsdudou warfrouueneliduiastuniesiiefivautu vhliliausaneudan
snd Jelsimanisagyioudntungutiming Wetwssaunsalunisinutwesman
wnaldlunsuudesoulidrfuanimnisveusesudasdnelviunnddu vonainddsls
nageunguivuneielinaasineunuuasuatuuussuvesulal Welildasauma
AEfUANANANLNTITITEUY MMIRANAA LAYANNIINEANYRILUUAe U Leaulatioy

wliudeyaiuiieg19ideasednass
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AAUN 2 TASIES19LALTLAUNITNNI8 A8 TEN1598NKUUIIN BATANLTNVBINITIVYLUY
A ' o v
LAY TENINAFAURINE TR
dilunansiinszideya welildasaumeieaiulasiasiuarseaunisi

Welagldnisesnuuusiunasnsifeuvuniotieseninaasginetedlaglinsliasey

Y

wsavnadiny naundmazldneudanuidedei 2 anseievidnausludiutl Suunoendu
4 e laun 1) Teyaitugmuvesied1ide 2) Teyaneriuanuduiusiuvyanaluiaietig
wazUszaunisallun1svinide 3) lassadsluniseanwuusiulunsifouuuiniedieveing

uwag 4) 52aUlunIeaNLUUTINLAENTITUUULATEI8VRIAT TILaLdenilell

2.1 Hoyatugruvasinagneide

nndeyafiiunuuudevamesulatfeszuy Qualtrics MeAfeadsdldtoyann
fnousiuau 485 au Mnnaiaalulsemelne szuulifudeyaiums (location) ves
fnouienld o uungnoumeuanmiinlideyanuin dulngjegluvangaymamunsuas

USUaumMa aunIauanINITNTEIEVIRBUNTUNUMLANAITY auunlafsnw 4.4

20

Position
® Administrator
Researcher

Supervisor

[ I S

Teacher

Latitude

98 100 102 104 106
Longitude

AW 4.4 E@NTAUNA LL‘lJﬂ‘LW]U’WI‘U’ENéG]@ULLUUE‘IBU@’]MO’WNG\WNGT’]LLVT‘Lllﬂﬁﬂ’]Uﬁiuﬂ’ﬁ(ﬂ@‘U



r

dodwungnoumuunuimmtininudt Wuegdiwiu 288 au (Seuay 59.38) HUIns

A0NUANYIIIUIU 62 AU (38882 12.78) ANWINWMANUANUNNNSAN®IIIUIL 74 AU (5a8aY

o v a o

15.26) haL919150UNIINGNAY UNIFLUIBUNIVINT 91UIU 61 AU (38ay 12.58) 11l

a F%

Fuunaumanud yanaiia 4 nquilunands (Govas 67.01) Nwdeidumavie e

o

' '
! I )

AT IENUIINGUATUINTgaiieny 31-40 U (Seuar 34.64) 9TLUNAIUTEAY

= LY =

Msfnwigsganuin nauitinnigaiszdumsAinnuiyanln (Gesas 54.43)

Fefiansanaudszaunsailunisiaufiddgynuin nguiiiduaunniigafed
Uszaunsallunmsveudddsideindn Gevay 30.72) illesuunamuunuiymiiiinuia
dlngnguagdunguitivszaunisaiivndnides $evaz 32.29) varfinguiuinig
Anwiilmard wagenansduminerdedlvgidunguitlvaideindn (Fovay 41.94 36.49

ey 30.72 MaIA) kansanseszvideyamivvegnouldsimisng 4.4

M1379 4.4 ToyanIlUve IR ULUUABUAUTILUNATUUNUINANTVINY

A3 (n=288) ma.(n=62) fU. (n=74) 8% (h=61) 7 (N=485)

% o a Y
Hayarluifeafiugaeu

n % n % n % n % n %

LW

Y18 71 2465 34 5484 27 3649 28 4590 160 32.99

N 217 7535 28 4516 47 6351 33 5410 325 67.01
214

G‘l;’md’l 3190 99 3438 2 3.23 1 1.35 5 820 107 22.06

31-40 U 103 3576 13 2097 19 2568 33 5410 168 34.64

41-50 U 55 1910 22 3548 30 4054 17 2786 124 2557

51 ?J?Tulﬂ 31 1076 25 4032 24 3243 6 984 86 17.73
FTAUNSANYIGIGA

USeyyns 160 5556 2 323 - - - - 162 3341

U%QJJQJJWIV! 121 4201 54 87.10 58 7838 31 50.82 264 54.43

U%fyiy%aﬂ 7 2.43 6 9.67 16 21.62 30 49.18 59 1216

Uszaumsallunisiineu
Ussaumsaldalvanedvn@n 82 2847 26 4194 27 3649 14 2295 149 30.72

Usyaunsaitiey 93 3229 5 806 20 27.03 12 19.67 130 26.80
Uszaunsaiuunang 43 1493 11 1774 2 270 18 2951 74 15.26
Usgaunisalunn 70 2431 20 3226 25 3378 17 27.87 132 27.22

wewme. Uszaunisaldalnaiseividn a3-e19138 (0-4 U) we.-aw. (0-2 U) Uszaun)salilog a3-013158 (5-10 ) we.-f.
(3-5 U) Usgaunisaltiunan ag-e1anse (11-15 U) we.- Au. (6-10 U) uag Uszaunisalun ag-813138 @nndi 15 U)

ND.- f. (11NN 10 V)



a

o w J

HAN1TIATIETeYANLINUNTINWTRIATLAYIUTMS AR AN TEATYNUTT dau

Y

Ingjasaeulunguanssinenmanswaswelulad (Souay 25.35) dwlneyldlaiminguansy

o

n13seud (Fesar 78.13) wazdiulugasussiudsuufnw (Sesay 79.51) vauefu3ms

= a & v a 9 A A Y a A o a a !
ﬁQWUﬁﬂUqNUWUWWLUUE‘J’Uﬁﬂqi (308ay 53.23) Vlma’e)l;ﬂuiammmi LA IANULHAHNUIN

o T ¥

Y Y

mguImsiaragaulngFuinlsassuduasy PLC WanIHANTTIATIENAINNTI 4.5

M1319 4.5 Yayanediulszaunisallunsiauvensuazusmsanudnw

v

v o4 e A3 (n=288) {UINT (n=62)
aYALNYINUNITNINU
n % n %

NANEITENTEEUS

Mg 39 13.54 - -

ALAAERS 49 17.01 - -

Iemansiazinalulad 73 25.35 - -

favs 12 4.17 - -

APLANE AEUILAL IUSIIU 29 10.07 - -

quAnwILAZNARNY 11 3.82 - -

NTIUDITIN 11 3.82 - -
Jwiwmdnguanse

Tof 63 21.88 - -

Tafla 225 78.13 - -
durumuiiseudeduani

N3 10 AU 5 1.74 - -

10-17 AU 101 35.07 - -

18-25 A1y 170 59.03 - -

11N 25 AU 12 4.17 - -
seAuTuiaou

UszauAng 57 19.79 - -

HseuAnwn 229 79.51 - -

MeUszouuarisune 2 0.69 - -
mundslunsuInig

HUSMISanUAnY - - 33 53.23

FRUTMTAN AN - - 29 46.77
nMs¥ufifeaiunisdasiu PLC TulsaSeu

YRR AGEHY 255 88.54 61 98.39

laifinsdaasu 12 4.17 - -

Taiula 21 7.29 1 1.61
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naMFAnTzideyaifsafunmshauesinuivaiuazenansduminedeiidAey
WUl ﬁy’qaawwmwdauﬁlmjL%msmzyé’wuwé’mqmuazmmau (Soway 35.14 way 49.18
muadiu) nauAnuimaddnlvgivszaumsallumsimeluanufinw vaziingueiansd
dnilvgjfivszaunisallunisussens Ianuiuarlde wiisaosunumseyognensafuing

Uszaun1sallun1svinIuwuuLATaU18 ALY WARINANISILASIEILAAIAITIE 4.6

M1519 4.6 Teyaingdnuuszaunisallunisinnures@nwdmeniuaze1ansduniine1dy

Y LY A @

AFYNIDUNIVING

v a v

fAnwiwen (n=74) 813159-1Un338 (n=61)

dayaineafiunsinau
n % n %

nauasenseuinivsEaunsalidaludaaiung @ouldinnnd 1 daden)

My 19 25.68 7 11.48
ALRATENS 15 20.27 3 4.92
Ineransiazinalulad 24 32.43 11 18.03
Aavy 4 541 q 6.56
AANANE AEUILALIMUSIIN 14 18.92 9 14.75
quAnwILarnafny 5 6.76 8 13.11
ASUDITN 9 12.16 3 4.92
NNNGNANTY 12 16.22 4 6.56

AUTEIVIYFIUNTANE (@auldunnnds 1 dadan)

N1539Y IanalazUsziliunan1sAn 11 14.86 12 19.66
AMNANENSLAZINYIAERNT - - 3 4.92
aeufinesd waluladuazdoansnisinm 8 10.81 6 9.84
ulgung A5IANTT USMTNISANYD 3 4.05 4 6.56
TmAn1s@Ane 26 35.14 3 4.92
UANgAsLaYNISHoU 26 35.14 30 49.18
Buq - - 3 4.92
Uszaumsallunsaaasunsiiudun1sane @euldunnd 1 fiden)
us3ee Tianug 1Ay 49 66.22 46 75.41
Wmtlasein1s/lassnsise/Ainidesm 39 52.70 42 68.85
fsnwenAde/gnsaindedioldy 30 40.54 35 57.38
AV39A0AIRNTINB/NANTUNT8TTY 25 33.78 22 36.07
indeduniedne 14 18.92 13 21.31

Dneluanudnuyl 66 89.19 32 52.46
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2.3 dayangafiuuszaunisallunisvinide
Han1slvveyavesnsuariingataunefuauduiuslunisvinausiuduluaiy

a

Usziiu A nisuandsu nrslvautiemde uagnisazvieuAnwuin daulnajagil
AnwdiusiBanisuanitaou Tmwtiowmde uazazvieudatuileuns urilennalunisidn
TWuanwaeu TWawdemderunudnard uaziinluasyioudnfuenasduniine de
Aoutatien dmdunguiuImanudt guimnsilemadluuanasu anutemde iy
naung widnlvgagsieuRniuguimsioiuies uazlimsidluuanasu Tenutemde
avviouAniveIasduInenduAeutneoy
nauAnuilmaddlvgfianuduiusludsmsuanasuiu@nminadieiuies
widhulngiilulianudievienavasvioufindens widnwdmandulugiinasidnly
uanideu lrienutnowde avvioufntuornsduminendoreuiistios dmiungueaiss
widnendudnlvgfauduiusludniswanUdeutveransdietues widnlngdily

Wiauhewhowazas iouAndenAouT I lRstuiU WanINan1TIATIEALARINNT1E 4.7

M1319 4.7 anuduiusiunshnusgnieasiasineves

Hnauuuusauny

ANUENNUSAURINEItas A3 (n=288)  wa.(n=62)  Au. (n=74) 819138 (n=61)

n % n % n % n %

Wuserdldwaniuasuiu meuldinnnds 1 éaiden)

A3 255 8854 47 7581 59 7973 48  78.69
HUIsan AN 103 3576 45 7258 59  79.73 28 4590
Anwilnen 73 2535 27 4355 64 8649 13 2131
91N ITUNINde-tinITe 84 2917 22 3548 47 6351 51 8361

< | 4 1 A W » ' v o
Wurdneglinnutrewaeny meulduinndi 1 daden)

A3 164  56.94 37 59.68 54 1297 34 55.74
AUTmsanuAnm 121 4201 29 4677 41 5541 9 1475
Anwilnen 57 19.79 11 17.74 41 55.41 3 4.92
919159UNIISY-1IN I 61 2118 10 1613 17 2297 24  39.34

WJutlendnldaziiouRaniu (mauldunnndt 1 daiden)

A3 129 4479 29 4677 43 5811 19 3115
HUSMISanUAnY 96 3333 31 5000 37 5000 13 2131
Anwilnen 76 2639 15 2419 35 4730 4 656

o [

219155UMINYFY-1INITY 59  20.49 12 19.35 19 2568 18 2951
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HANTIATIEUsEAaUN13alluNTIdeveATua NI TB AN UNANEANI9N 1SRN

' £
A a a =

nlauguanselananinvulugial w.a. 2561-2563 uazdnvuzyainananiinvuluids

(%
N o W 1

USunafidrdgnudn Ussiiuiiegliireutatesfe n13vi3de lnuaseuaquiian1sinive

o

wennlgniniseu (Sovaz 61.11) wazn19viideiienmuisaeunsedsln (Fosay 36.81)

Ingnduagaulvgseyilainunifasutasonisaoudsvann 2 du Neildiulvgseyilila

[ 1 a

witavngiSeu (Seuay 28.13) viseldreelminide (Sevay 31.60) WoRarsaunisadasung

Y

o
0 Ay o A

PNFUIMIANTnAnLaze11dnud drulngguimsiaduasuaglun1sviniidesusey

dl' [ aa r-ﬂ' 1Y ‘:l' g a & 1 a [ 0 Aawv o a P
LW@WWUW%ﬁﬁ@u&@iV@JUQUV}QW Gumzwmw’mt,wmaqLaimﬂumi‘wmmm’;ﬁ]wmismwa

1%
v v

whdgymtinisen warddedussuieimuisaeunasdolnitesiign diuena1sduninedy

finsdaasuazlunsiifetussuneundyinSeutesnan nauanaianise 4.8

M13719 4.8 Uszaunsallunsidevesasuasdinedtes

Uszaunsalnisvinidouazdaaiunmside a3 (n=288)  wa.(n=62) AW (n=74) 81158 (n=61)
UDIA n % n % n % n %
Uszifuieafunandamanisineilldufoalugas U n.a.2561-2563 (reuldunnndn 1 dauden)
WaniSaou/dolvl q 241 83.68 50 80.65 68 91.89 46 75.41
witgmiiniFou @aildvinduise) 207 7188 43 6935 37 5000 26 4262
WAteduseuiondtymidnSeu 176 6111 44 7097 25 3378 25 4098
feduseuienanisaewdelml q 106 3681 30 5484 26 3514 31  50.82
Swudtaew/dentsaouiisauiuinuntu Miduwanduunisszninsaguazfifendadluyas U w.a.2561-2563
Tadlavinae 47 1632 12 19.35 6 8.11 15 24.59
1 &y 52 18.06 8 1290 24 3243 20 3279
2 3 66 2292 14 2258 6 8.11 9 1475
3 3y 51 1771 10 1613 14 1892 5 8.20
a3y 17 5.90 a 6.45 3 4.05 2 3.28
5 Fuduly 55 1910 14 2258 21 2838 10 1639
FrwaunsdinmsudlggBey @lildinduite) Ridumaandudumsssrineaguasdifeatadudae U w.a.2561-2563
Tadlavinae 81 2813 19 3065 37 5000 35 5738
1 nsdl 32 1111 3 a.84 9 1216 13 2131
2 n3dl 53 1840 11 1774 5 6.76 0 0.00
3 n3dl a5 1563 6 9.68 8 10.81 5 8.20
4 n3dl 17 5.90 1 1.61 2 2.70 1 1.64
5 nsdituly 60 2083 22 3548 13 1757 7 11.48
Swounddeidunandidunisssnininguasiterdaddudag U w.a.2561-2563
Tallsivinae 91 31.60 13 2097 41 55.41 27 44.26
11304 a5 1563 9 14.52 9 1216 12 1967
2 3o a9 1701 7 1129 5 6.76 6 9.84
3 304 43 1493 7 1129 9 1216 6 9.84
4 \Fes 22 7.64 2 3.23 2 2.70 1 1.64
5 Fostuly 38 1319 24 3871 8 1081 9 1475
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2.4 1n396519n15338UUULATIUIBVDIAS

duiifunansiienedlassaiunififousuadorisvesngluaniniagiu ol
wiufednuaizuaznalnnelunsidouuuieieteseninaguazgifates Insuvsmstiaue
sanlu 2 Wadefe 1) dnvaznsidouuuiniovievedng uaz 2) dnvarlaseasis
nsoonuuUTBmasaslun1side MeasBaddwiolui

2.4.1 aneaElAsaaIen1TIUUUULATOUILVDIAF

sanTaneddeyanuinguidwanests 485 au flugreuuuuasuniy Sl
foyanenfuljduiusszniteyaaaadulumsifouuueionis lnssmiyanauiognszvi
(actors) lunszuUNTITELUUIATEUY (nodes) 733 788 AU UsenaumieA3ituIL 407 AU
($ovar 51.65) fudmsanufnudiuan 152 au Govas 19.29) Anwiweardiusiufinsing
U 92 AU (Fogaz 11.68) uare1915duningay Unide vselnIvnis 31w 137 Ay

LY

(Govay 17.39) wansanwuelAsNas19asaUneenilandndas 5 audululananin 4.5

Position

® Administrator
Researcher

Supervisor

o) o

Teacher

nueme. iauslaniznietngesniduiuyanalueieviedus 5 autuly (k=40)

A 4.5 dnwarlasiasaeIn LU0 g sENINATHALNEITRY
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'
=Y

WIBNANTUINANITILASIEV LUTEAULASAUIENUIN bATDU183F8 (subnetworks)

[y

senIAsnugingIteand1saladivianun 130 1seve (K=130) UsenauaieiaIevienil

e Qe

AU1TN91UIU 5 AUTULY 910U 40 1ASeUe (Spway 30.77) LagiA3ev18fdaunTiniaenin
5 AU (Nyr30<5) (1A3DY1BIUIALEN) T1UIU 90 1ASBINY (SpBay 69.23) Tnedlofiansan
\3ev1ensinitevesasiivuindn S1udu 90 detngaznuin daulngjifuieiedied
Usznausie@nerimad 9191358un1anede dniveuazindvinis Afaundndies 3 au
(feway 10.77) uaziaiotnefiusznoudoguinisaniufiney Anvidmard 9139158
WAINeSy Unideuasindnis Aflaundnsuiudesau ($euay 10.00) wansswazidun

Y04lATa519N1SVIMITBUL LIRS U BTBIRTHaZ N ITO U Ta AT EUUIAENAIA15 4.9

M1519 4.9 Imqa%wmiv‘iﬁ%’aLLUULﬂ‘%@ﬂhmmﬂ'gu,azQ’ﬁm%aLﬁaﬁm%a‘*msumm?m

au13nluLA3eUe YUIALATDUE .

a3 duimsanufnen Anwndinan 819138-Un3d8  (network size) *
4 2 ; 5.38
v v 3 22 1692
4 v 3 1 0.77
v v 4 4 3 231
v v v 4 10 7.69
v v 2 7 5.38
v v 2 5 3.85
4 4 v 3 13 10.00
v v v q 5 3.85
v v 2 14 10.77
v v 3 2 1.54
4 v 4 1 0.77

o
v o

nUBWA. ArfaasfiouiudnIuAIetensvinidenmun 130 w3eU1e (K=130)

1IN UNATEUIENITITEVRIATIUAMTIUNUTT VWILATEUIETANNTNAIUA 2 D
84 AU vurmaseviglaieussunn 19-20 AW (M=19.15) 39NN YRV

3eYne WU M3viidevesagdlngiidnuusiaietiswuuleviseidunse (chain) (Feway

32.31) 594a9UIABLATEYE PR NT AN TN dRIAY (P2P) (Soway 25.38) luvueh
A A ] b4 o [
ADLASOUIBLUUN (Fo8az 1.54) NanN1T9IMUNSN YUY

[

N Aa o 19 e{'
aﬂ'@mgLﬂﬁ@ﬂ’]ﬂmﬂﬁ]’]uauuaﬂm@@

sUTalAT9ai e lunSITEUUUATOUIEURIATILARIINNT 1 4.10
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71319 4.10 dnwaurlassaislumideuuuiaieigvedns (K=130)

Tasea¥1en199in3de . o vumezetie  Aanudugudnanaaie
(structures) minmax M  Clos.  Betw.  Eigen.
WITeuTR (P2P) 33 2538 2 2 200 6200 000  66.00
lgv3aidunss (chain) 42 3231 3 4 312 4119 7600  94.59
flaniu (star) 24 1846 4 84 3867 1515 18,859.00 74.06
full (tree) 6 462 5 10 777 250 234.00 17.09
24 (circle) 2 154 6 6 600 126 3700  6.79
wetl (hybrid) 14 1077 7 32 1644 580 4,695.00 57.60
l3ifigusne (unstructured) 9 692 9 14 1191 599 79500 48.89
AN 130  100.00 2 84 19.15 133.89 24696.00 365.02

nuELnn Clos.=Closeness Centrality, Betw.=Betweenness Centrality, Eigen.=Eigenvector Centrality

Tududelufasfunisinauednunslasaiunifoduadetovesasluusa
sUuu delansaumaAfuunumassgifeideduedetiousazuuuiiloayviouliuds
nalnnelunisvaueietnevesdifeados Inesuunmuddudall 1) indetouuulenie
1éunse (chain) 2) iYL uuiiglanieu (star) 3) insetrsuuudulil (tree) 4) iATatnguuy
14 (circle) 5) wSavnsuuuna (hybrid) wag 6) waseadrgwuuladiizusie (unstructured)
swawBundidail

1) TaseairevaansidenuuiaTadneuuuLdunse (chain)

iSetnouvuLduns ouuuls lueTetneifidnuasnadoulosvesaundniiy
wwnem LifiReAnuane L‘fJug‘Ui'Nﬁwumnﬁqmﬁﬁwmlé‘luﬂ%ﬂﬁ (k=42, 32.31 %) IneLade
\A3teUseinnilannUssanm 3-0 au wansieTgvnud yanadidunuivlunisd
UFdtusiugauluiaietnesnniigafiens (total degree=34.07) uazfiufduiusludanislor
(outdegree=17.72) LLazmi%’Usﬁagamﬂuﬂﬂagu 9 maﬁ’q@ (indegree=16.35) Yzt Iny
asfdadunguiifinnalnddnfuandnaudu (closeness=0.34) waziduypraiidouloafuay
dfyluinIovsunilandie (eigenvector=0.97) vauziidnwiilmadiduyanafisiunuim
Ffylunisidenles (eglanans) yanadu 9 TuindedieAeudiegs (betweenness=1.00)
LARIHANITIATIENAIANTUANINA 190 UATEVIE LUULEUATY TILUNAINUNUINVBY
andnlueSovneldfientsns 4.11 uazuanafiegnansidouuuiAi ot vesnsuUUIAURTaT

Usznaulumeau1dnasu 4 unum eaeann 4.6
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A15709 4.11 Aadifnsinanudugudnadlunisidesuuiniatieuuuidunse (chain)

Aranulugudnatsluiadadiewaiie (centrality measures)

unmgiigados degree
closeness betweenness eigenvector
in out total
A3 1772 16.35 3407 0.34 0.76 0.97
AU3YS 813 830 16.43 0.32 0.55 0.50
Anwdinen 11.58 11.00 2258 0.30 1.00 0.88
919158-1Un398 440 7.08 11.48 0.27 0.00 0.53
Network-26
AEOZ;B
SSP27
AEO%\
Position \\
. Administrator

Researcher
Supervisor

. Teacher

RE018

AN 4.6 FRE1LATIAS1INITIVYWUULAIBUNELUULEURTI (chain)

2) 1n596519929M 5B UULATDUBUUULE aaLAY (star)

A ~ ' A i A I A aa
Lﬂi@m’]ﬂLLUU@J%ﬁ;@@L@u ®IOUANIAU (star) YBILATDVY LUUL@i@ﬂqSWNuﬂﬂaﬂLu

\wwseYnevileay visesnnImils dnswenlesduiusivauniney q luaevigAsutiags

WueSevrensvindidennulasesas 18.46 (k=24) v9an15a15ialatunssl lnsndsinsaie

Usennfiflann¥nuszunn 38-39 au Faflaurnrsudislung nedaudnduldns

[ Y

4 audle 84 AU HANITIATIEMLATU L JURUUTENUI yARandlununlunsiufduiusiv
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=

douluinevisuInanfens (total degree=56.34) wadiu jduiuslui@enisly (out-

Y

degree=26.27) uazn133utayaannuArady « ¥ nfian (indegree=26.27) uwava3dsdaindu

ynranenlesiuauddgluesednelnendeniniigaaiy (eigenvector=0.34) ag3lsinu

¢ & oA

] A & A a =~ va o a 2 a
NWUINATDVIYUTELNNUAZUANIULNAN LiJUﬂalW]lIﬂ'J']lliﬂasﬂﬂﬂUauqﬁﬂﬂu@uiﬂﬂl’@aﬂm’]ﬂ

q

[

1gn (closeness=0.09) wagdunumdAglun1sideules (eglanane) yamadu 9 luinIetie
g931n (betweenness=361.05) LLammamﬁmeﬁmmmLﬁuﬂuéﬂawwam’%asﬂwLL‘U‘Uﬁ
HLARALAL FUNAIUUNUINYBIAUTNIULATDUNELARINNT19 4.12 LALLENIFAIDE19N15IVY

LuUATegvRIAIwULIIlaawuUsEnaulUMeanBnATy 4 unum lananiw 4.7

M504 4.12 Anadanisineuduaudnandlunsideuuuaiotneuuuiglaneu (stan

1 ) 4 = 1 a .
Arrnalugudnansluaiatneiade (centrality measures)

Ummjﬁﬂfa%’m degree
closeness betweenness eigenvector
in out total
A3 30.07 26.27 56.34 0.05 74.50 0.34
;ﬁu’%ms 13.53 18.06 31.60 0.07 28.80 0.22
Anwndwmen 12.81 25.50  38.31 0.09 361.05 0.29
919158-1N39Y 533 955 14.88 0.07 2.52 0.14
Network-75

Position
. Administrator

Researcher
T243
Supervisor

RS14 . Teacher

AN 4.7 fegalassaiansifenuuintetievesnsiuanailanay (star)
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3) Tassa$revesnisidenuuiasadnsuuunuuduldl (tree)

\3otnogusuvuiulsl Juinietneiindrefuiniotnsuvuidunsaniels wad
TrssadramuduiusfinAsiuaiidudeutu 1ueiotnensviddeiinulddesay 4.62
(k=6) voan13ersraldlundail TneladeindotneUssiani Saundndssunm 5-10 AU ua

a ¢ A & i Aa AN ay o o vaA A
ﬂ']s’JLﬂi']SVTLF’\Ii@GU']?JETJLLUUUWU’J'] ‘qﬂﬂavm‘U'V]U7W1Uﬂq3NUQaNWUSﬂUQBUIULﬂiasU”IEJN']ﬂ

]
al

ignpiang (total degree=46.74) wagliUfduiuslu@enislv (outdegree=21.84) wazn1ssu

[ = A 1

ToyavInNuAAadu 9 WInfidn (indegree=24.89) uazajdsdeinduyanaiitonlesivau

Y 9

o W

drdalunIaviouniiandae (eigenvector=0.59) agslsfiniu nuina3evieUszinnilazdl
=2 a s & oA va o a o = o w

AnwrtmeanidunguindaulndBaduaun¥naudu (closeness=0.09) Tunumadfgyluy
nsweules (aglanans) uaradu 9 Tulrset1e (betweenness=11.67) LaAdNaNISIATIEN

ﬂ'wmmLﬂuquéﬂmwaqLﬂ%asdwlé{é’qmm 4.13 kagfI9g19NININ 4.8

! aa [ <) L a v = 1 ¥/ 2/
f19149 4.13 ﬂﬂﬂﬂ@ﬂﬂﬁ’;@ﬂ??ﬂLﬂuﬂuﬁlﬂaﬁﬂuﬂﬁ'ﬁ"]ﬁ]EJLLUULF’]'E@“U’]EJLL‘U‘UGI‘L!VLLI (tree)

Arnnanduaudnansluiaiatineiads (centrality measures)

UVI’]V!I}EL?\IEJ’J%'EN degree
closeness betweenness eigenvector
in out total
A3 2489 2184 46.74 0.06 8.16 0.59
r;:IU%mi 9.89 10.78 20.67 0.04 0.00 0.32
Anwilmnen 8.50 1250 21.00 0.09 11.67 0.28
919158-1In 398 410 670  10.80 0.05 0.90 0.13

4) TAS9E519U09N15IWRUULAIDVIEBUUN (circle)

\wA3evguuU L ueSeviefilanndnuisauiianuduiusiuaundndy § Weulssiu

o I

< = a 1w [ [ < A 1 a v v v
Ju995 v3eweusdaiuiluindng (cycle) lng Wwasavienisvinidenwulates Ineny

a

Sovay 1.54 (k=2) voen1sdrnalaluasedl TnsindoinTetedssinnifiaundndseann 6 au
naNTiATIEATeTIssULIUENT YanafitunumlunsiufduiussugBuluedere
mﬂﬁﬁjﬂﬁaﬂ'g (total degree=59.83) wagdiujdunuslui¥an1sli (outdegree=28.61) wav
mssuteyaanyanadu q 1nilan (indegree=30.50) wazagdsiieinduymmnaninalndds
(closeness=0.11) funumddalunisionles (aglananq) yaradu 9 (betweenness=5.72)
uazileulosfuauddnluinieteuiniigndie (eigenvector=0.59) LAAIHANITIATIZI
AanudugugnasvetazatieLuuTglanny Suunmuunumvesaindnhuasotglans

15N 4.14 UazUaRIRIog9NITIURUUATUIBVBIATUULN LaRanIn 4.9



Network-61

Position RS23
. Administrator

Researcher
Supervisor

. Teacher TTNO8

AN 4.8 F198191ATIASI9NITITELUULAS DU BLUUAULY (tree)

Network-71

T1%

S819

Position
. Administrator

x Researcher
Supervisor

RNE29-1 . Teacher

AN 4.9 Feg19lATIAS1INITIVYWUULATBANELUUN (circle)

88
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A15709 4.14 Anadifnsinanudugudnadlunsidesuuiniatisuuun (circle)

Arpnaduaudnatsluiasadieiads (centrality measures)

Ummjl,ﬁ'm%'m degree
closeness betweenness eigenvector
in out total
A3 30.50 29.33 59.83 0.11 5.72 0.81
AUINg 1550 2150 37.00 0.10 1.32 0.60
Anwiimen 850 7.50  16.00 0.10 0.00 0.28
219158-1UN398 4.00 250 6.50 0.10 0.03 0.10

5) TAs9a319089N15ULUULATUNBUUUNEN (hybrid)

o 1 [y

RS pUI8wUUNaALT U aNeD gnilsusmanvansuuulsEnauiuneluiniediy
e Wuesetnen1svinddeinuldsesas 10.77 (k=14) Tnsnulauinsosasuilunisdrmala
Tupssdl TnunasesavnsUuszanidandnuszuin 16-17 au wandaudndulasans 7 au

94 32 AU KaN1TIATIEMAS oY FURULENUT yarandunumlunisufduiusiugauly

Y

Y a

\A3aY8NINTIgnfen] (total degree=59.94) uiaundnfifiutumsesaunduduguing

Y

v A 1

(total degree=38.52) was@Anw1lmaAd (total degree=33.47) wazajdatioinduynnad
Foulesiuaudidgluinietneuniiandie (eigenvector=0.45) ag13lsinu wuinaAsede
Ussinnilazddnwrlmanilunquifinnulnddnduaunnaudu (closeness=0.05) wazil

[

unumddglunisweules (eglanas) yuaradu 9 luAseunegs (betweenness=70.95)

LAAINANTTIATIAIA T UANENA1 9B UAT O LUURAN FILUNAINUNUIVVDIALTN

TueSenelasanisng 4.15 wazhansdagnalaeanin 4.10

A3 4.15 Anadifnsinanudugudnadlunsidesuunsotnguuunay (hybrid)

Arpnaduaudnatsluiasadieiads (centrality measures)

UVlﬁ‘i/Iﬁ:JLﬁEl'a‘l’J’a\i degree
closeness betweenness eigenvector
in out total
A3 31.33 28.61 59.94 0.03 34.13 0.45
ﬁziﬁmi 1855 19.97 3852 0.03 10.02 0.31
Anwiman 1363 19.84 33.47 0.05 70.95 0.26

Y] [y

219158-1UNI98 6.03 850 14.53 0.03 0.44 0.09
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Network-52

TTE367

AE16-2

T212

Position AE094

AE16-1
. Administrator

x Researcher
Supervisor TTEQ94

. Teacher RE094

AN 4.10 108 19lATIFSIINITITUUUUATOUNWUUNEN (hybrid)

6) laseaievaimsideuuuiasatiewuulifisusnsdng (unstructured network)

A = ] ° = A an i I Ao o ay o &
Lﬂi@sln’ﬁ]LL‘UUI@J@JEU?WQQWLWW% Mi@Lﬂi@‘U’]EWllaJmUﬁWI‘mLﬂ‘u Naﬂ@m%ﬂgamWUﬁ

Y

YoauTnuanagusnaatenIediglonnayy Wuasetienisvinideninulisesay 6.92
(k=9) vean1sdrsalatunseil InewdeweseteUssiamilfiaunn@nusyunn 11-12 au udnd

a & v & ! = a ¢ A & ] aa
aﬂJ']GUﬂLUuVLﬂW\“ILW] 9 AUNY 14 AU Naﬂ'ﬁ'}Lﬂi']gclﬁLﬂi@GU']UEULLUUUWU'JW uﬂﬁaVlﬂJ‘UV]‘U']Vﬂu

v s

nsilujduiusiugouluiasedneuniigafeguing (total degree=130.89) J09a411ABAT

(total degree=78.47) Anw1iinAn (total degree=63.00) wara13158 (total degree=48.89)

o A 1 ¥

ANaiu wazuiniseadediednduyananideulssiuaudidglumietisuiniigasie
1 dl L

(eigenvector=0.59) \Wunaunimulnadaivauidnaudu (closeness=0.08) dunumadfy

q o

luniswoeules (aglanans) yaradu 9 luiAseviegeuin (betweenness=15.31) WanIug

]

mylasgiianudugudnanenniotiewuuifinaau S1uunmuunuINYesENIgniy

b=} 1 Y U 1 a v A 1 v 1 ::’i’ Y
A38U1LARINS1S 4.16 Lazldnasiag1an1siseluumseuneludnwusiaull lasanin 4.11
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M3 4.16 AadansinaruluaudnandumAfewuuliisusedine (unstructured network)

Arpnaduaudnatsluiasadieiads (centrality measures)

wm@'ﬁm%’m degree
closeness betweenness eigenvector
in out total
A3 41.6%3 36.85 78.47 0.05 8.07 0.50
AUINg 5733 7356 130.89 0.08 15.31 0.59
Anwiimen 2433 3867 63.00 0.06 1.85 0.31
219158-1UN398 19.00 29.89 48.89 0.06 1.23 0.24
Network-34

T321

Position

. Administrator

T186 . Researcher
Supervisor

T211 . Teacher

AW 4.11 feglassasiinsifeiuuaseiswuulidsusedimng

2.4.2 &nwaiznnsenuuuTILvanguasiineataslunisise

dauﬁ@aﬁ%ﬁuaé’numzﬂﬂiaaﬂLLUUi'amam;;LLaw:IL?{aﬁm ilouansansauinely
MsduunInguaryanafiieidesiumsriidevesnsiidnunrvesujduiusiugifeadesiy
oe9lstng kunisuanuas I iduiusfiiet unieluusazianssuvesniseonuuus
AsUELeEIUNATITUReuYEINTERALUUSIN TiuA 1) %uﬁwsaaﬂmww 2) Sl

Yoynn 3) Tuasiionaun uag 4) Tulsziluasviouna dseazidaninaluil
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1) sudsaatiym (discover)

fudrsrtgmaseunqunisadisiiu nsmeunum mskanideulszaunsaliams
yana nanui asinduihodhludnsuiioungiiiotuszaunisaiusazdneunldlunis
wAUey 1 LLazﬁﬂﬂﬂﬁ%’Uﬂﬁ%’ﬂmuiuL’%imﬁmd’mnﬂLﬁauﬂgﬁwﬁmm dnsun1snnnun
Usziduiymiiazudly nisuanidsuuszaunisal mnuavls weafulywm wasnisinun
UNUIMSEINNSL sxnuindagsuuuuljauiusiameduagieiuealudilg ud

HszauUJauiusiuguing Anudmand ware13sgunIINg1FeanraUaIn ARy Lan

dnuwaEN13eRNLUUTINSEnINATHar e Taslutudmmatdynidulanwmise 4.17

M99 4.17 dnwarUdniusseninasuasiineateslunmseaniuuiindudrradynide

fanssunsdrstdymide b - i ttake) - 92 511‘!3 uf,ﬁij
¥ (give) A3 WeuA3 Wa. AU 819138 U duus

1. Fnwufifeades i A3 - 263 95 21 36 421
vhausamiuitei eung 211 - 0 0 0o 211
Uszaunsalusasieunldly HO. 153 0 -2 11 186
nsuwidgminisiseunisasy . 71 0 30 - 20 121

91913 57 0 22 29 - 108 1047
2. funUsziuvseveulun A3 - 263 105 32 41 441
vasdgmiideanisudluiu Lﬁauﬂg 221 - 0 0 221
FiAgds wo. 158 0 - 18 6 182
Fi. 63 0 29 - 15 107

91915 48 0 13 18 - 79 1030
3 uaniAsulszaunsaii A3 - 262 102 32 43 439
Rertosruussifiuvidorhden  leuny 238 - 0 0 238
azasiounludgm Mo, 143 0 - 22 8 173
L. 57 0 29 - 19 105

919158 61 0 20 22 - 102 1057
a.uanuaBunLanls Ay A3 - 263 106 29 33 431
fosns viemudnduluns  leuns 242 - 0 0 0 242
uiletlgmdudeusudifentes e, 1340 - 17 8 159
L. a7 0 25 - 20 92

9113 44 0 17 19 - 80 1004
5 yaReLitelshAnAudalou A3 - 25 109 23 24 412
Renfuunumminiveausiay  Liteuag 233 - 0 0 0 233
Auflazamiwhaiteudly HE. 159 0 - 15 6 180
Jgym G 48 0 23 - 14 85

21913 45 0 1 13 - 72 982
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2) duflerutiym (define)

v 1 L4

Tugutisudeym Lﬁ“fluﬁ'«msamﬁﬂtmsmmaa‘mﬁﬁaa@s'mﬁuiumsﬁmmﬂzymﬁ%
whlunsedayninegldide dnnsdinseunquisnisuanidsulssaunisailunismniauily
Yoy imantu nan1931As18 Rz WU ﬁgﬂmﬂumwﬁﬂmamﬂﬁau Tausievdsway

v a o A = A YR vy o Yo a
avviouaiuiieuagiiensetinduieliladeasvesdym uwasdnaglasunisuanaeu
ié’%Uﬂ’nmhamﬁaLLazazﬁauﬁméﬁ’ﬂﬂm’;mmﬁauﬂgé’wﬁmaﬂLﬂudauiwzg yanand Tunns
manreealyy nmsuaniUfsulaznisiausiuyIsun Jymsenineiineatesasnuining

a o v I3 [ % (v < 1 I 1 v} a o v & Y a
g‘ULL‘UUUQam‘wuma‘wwﬂwgmaﬂuwuﬂumuiwm WANTEAUUHAUWUINUKNUINIT
Anwlven Laze1TTUNIINGITUAANAUA LAWY UARITNYULNITOBNUUUTINTENINNAT
warineaslutuileudynidelanemsne 4.18

v [ 1

M1919 4.18 dnwarUdniusseninasiaviineiteslumseaniuurinduiomlynide

Aanssumstienutynide g . 4 (take) 394 S
; (give) A3 Wowmg mWB. AW 819138 Ufjdanius

114385604 9 Tunism3e A3 - 259 99 25 24 407
Lﬁ@iﬁlﬁ%’aaiﬂdwﬁa%’aﬁa Lﬁauﬂg 240 - 0 0 0 240
Usuiuflsudlatlgmasiily we. 147 0 - 14 6 167
Fodla . a3 0 12 - 13 68

91158 32 0 13 14 - 59 941
2 uaniasudeyaann A3 - 249 86 25 19 379
UszaunsaldIumIns091NnIs Lﬁauﬂg 235 9 0 0 0 235
Fuduiieldlunsinszsim Ho. 119 0 4 9 19 151
auvnueadyfiazudly A, 37 0 19 - 19 75

91138 47 0 25 15 - 87 927
3Apsziitamiazuiled ¥ - 251 88 24 20 383
annvostaypsesls & iWoung 233 - 0 0 0 233
AMUMLIZaNNN UL dla Ho. 126 0 2 18 6 152
fiasiteudly o a3 0 2 - 13 T8

919158 37 0 15 16 - 68 914
a wanwdsuuszaumsaily A3 - 254 89 28 23 394
nslaEnstual o Flunis Weuny 244 - 0 0 0 244
witymieelduddisa vie we. 115 0 1 22 10 148
wnensudlatgmaduly e 54 0 27 - 16 97

[ 813158 a1 0 15 20 - 76 959
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3) suasiiewmun (develop)

Gﬂ”’uaqﬁaﬁmuﬂumsaaﬂme'mL‘fJuﬁmLﬁaaﬁumiiﬁhﬂzymﬁlé’ﬁmm'wﬁuuaﬁ%
LLﬁ{]zymﬁi'wLﬁaﬂmﬂam%ﬂmﬂ%gumaufiawﬁwmi;jmiaaﬂLLUULﬁuui’mmaw'%am%'mﬁa
uazthlUUATR waludrutiaznuin AslisUuuuUduiuslufanssufenananiziuazaleiu

waludnlng uilisgdulfauiusiuguims Anwlmen waze1arsduninedeanvau

AU wARIAN YL TRENRUUTINTENINATHAZEN e lutul ladsm1sne 4.19

M1319 4.19 anwarUfduiiusseninsasuwasdineitesluniseaniuusintuasionmm

- . A1 B3 (take) iy
TR NA (give) A3 ieuA3 Ha. AU, 819158 B U dfanius

1.A9Hl90DNIUULEINING A3 - 250 75 26 25 376
uitganuidetagmild  ueusy 233 s 0 0 0 233
Fafufmuall HO. 109 0 2 17T 13 14
AU, 51 0 20 - 13 84

919138 42 0 16 15 - 73 907
2 ihailseenuuunazasile A3 - 233 75 23 17 348
vhuafafuluneaeddludy Wloung 222 - 0 0 0 222
Goudesdu wdniwaiiin HO. 99 0 - 16 7122
Fuanliusuusstunulinau AL, 51 0 20 - 12 83

eululdas 21915 39 0 18 15 - 72 847
3ihdsildannsesnuuulug A3 - 247 69 25 22 363
MsUROR vde thluldesdu  ifleuns 232 - 0 0 0 232
I Ha. 104 0 - 18 6 128
AU 45 0 20 - 10 75

sl 34 0 12 15 - 61 859
a Audeyalusgvingdith A3 - 221 70 22 14 333
Junuieuwmaiildasdionn  euny 216 - 0 0 0 216
Wldadlutusou we. 103 0 -1 7 124
AU 41 0 15 - 9 65

s 34 0 10 9 - 53 791
5 AnesinaiAntuaindeya A3 - 23 80 26 21 363
fvuswld movdeindedild  deuay 217 - 0 0 0o 217
InnszvIunMseanwuulUly H. 100 0 - 13 6 119
adluduzou i 42 0 15 - 9 66

9115 33 0 14 13 - 60 825
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4) Yudsziliugdzyiouna (evaluate)

Julszifiuasviounailunismiesemingiieadesiiodniny deiavewuzuazl
Joyadeundunidenaiintu il diaseungunisaniunisinedrtunisnsiaaeuiudy

[ s r.ﬂ' dl' v b 2/ ! IS a v 1 a

WadnslalauaseuAguANTFRaTsIiave18Te AUNY Uazas1eAusInilon1TIdeluguiun
N53988U HAaN1TIATIEYRENUT dagsUiuulfduiuslananssudananangiuagmeniuy
waludnlvg ualisgaulfduiusiuguims Anvlmen wazerasduminedeannau
MINAWY LAAIAN¥EN1TRNWUUTINTENINATHazENgItalutul sl uasviounass

M99 4.20

M1919 4.20 dnwarUduiusseninagiasiineitesiuniseaniuuiintulsedivasiouna

B H3U (take) uudu
fanssumsUssiliuaziiouna p — 37U
(give) A3 WouA3 Wa. AW ©19159 U danius
1. aguuazanysziiusionad A3 - 239 79 32 23 373
Aeduanmathtunuiildas  ifouny 228 - 0 0 0 228
floluldasduduceon Ho. 109 0 - 17 9 135
A, 45 0 19 - 10 74
919138 40 0 15 11 - 66 876
2 Tdeiaueuuziiieatunad A3 v 234 84 25 17 360
Aoty onnsiueuiildas  feuny 226 - o 0 0 22
Hoviwrunsastlaunlatom Mo 114 0 2 18 8 142
sufulUldasslutusou FiU. 43 0 20 - 10 73
919138 38 0 15 14 - 67 868
3 Aoansiitovenededunuvie A3 - 221 80 24 19 344
NaHAATIARTURINNSEUIUNIS Lﬁauﬂg 206 - 0 0 0 206
191U . 106 0 - 18 8 132
AU, 46 0 26 - 13 85
919738 40 0 16 15 - 71 838
d.a3nanusmiloruiiyy A3 - 216 82 31 25 354
LAT81UNITIVY/AATOUBAT Lﬁauﬂg 196 - 0 0 0 196
alulseSeudu 9 Mo 106 0 3 20 12 14
AU, 54 0 28 - 14 96

219158 34 0 18 17 - 69 856
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INNANITIATIEVAN WAL NITEONLUUTINTEMINATIAELNE VDI NUT dIulvig

Asiin1seRNkUUTINIEAUATeiueIAout19Ee uidllufduiusiuniseenuuusiuiuy

=

USsAnuilinen waze131sdunineaelusyaunsesaniuatdu Aanssunajuay

¥ a Y a

Nedoadufduiusiuuniignfe waniUasulszaunsaliieidesiuussinunsenden

eXp e

azasilounloteymsiniu Tneflmuduiusiiintuianun 1057 amuduius daufanssudl
Asuaziiieadesdufduiusiutonniianfomaitudeyalusevinediiusmuriowumaiily
asfloviluldeidlusuFousiusu Inefiudiiudffntuimun 791 anuduius
infisaulassaaasadglunisesnuuusinvedny lun1sideuuunIetigdwun
puduneuanssunzeenuUUTIaenU Tutudmatiymiessadaeiernonisidovesns
naziRefestisuiauuuldvdodunsssutuinniian (Gevay 38.85) sesasnfolsUsisuuy
[Fouyaraqn (Fovar 38.85) uilofinnsnluduneuionuiiym asdlewau uasUsady
agviounanuin lnssaiaiaieriemaidevesnsuazifsrtesiisuiauuugnidonsn (Govay
33.10 40.14 uag 32.65 Auadu) sesasunAeiisUanuuLuulYvIeLiunse (euag 29.58
23.13 uaw 29.93 Muddv) wesdlofinnsanamsumnduneuvasniseanuuuiaumuin
lassaianietomAidevesnsuariifeadesisuisuuilsvieidunseduausnniian (Govas
32.31) s9saunfeiigUanuuLdenynsiogn (Fovay 25.38) uenanidanuin derutumeu

voamsdrmatdymlvumasnuiiglnaded (isolate) 1nTu HARINNTI 4.21

A1579 4.21 3U3199891ATIET19NI500NKUUTINTDIATIUNNTIFBLUUAT O Y8 TIMUNAY

TUADUAINTIUNITODNLUUIIY

°i‘?uﬁl’el‘l‘!ﬂ'ﬁaE]ﬂLL‘U‘lJ‘J"J:l.I
laseaiensinide d@saldgm denalgn  adiewmwn  Ussdiuasiiou it

(structures) (k=139) (k=142) (k=147) (k=14T7) (k=130)

n % n % n % n % n %
lg3aLdunse (chain) 54 3885 42 2958 34 2313 44 2993 42 3231
4 (circle) 4 28 4 28 2 136 5 340 2 154
watal (hybrid) 10 719 14 98 18 1224 12 816 14 1077
LTongn (P2P) 41 2950 47 3310 59 4014 48 3265 33 2538
rlagieiu (star) 19 1367 19 1338 13 884 19 1293 24 1846
sl (tree) 4 28 9 63¢ 9 612 6 408 6 462
l4ifigusne (unstructured) 7 504 4 28 5 340 4 272 9 692
flaniAen (isolate) 0 000 3 211 7 476 9 612 0 000

3 139 100.00 142 100.00 147 100.00 147 100.00 130 100.00
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2.5 szavluniseanuuuiauLazANUduYeINITIRBUUULATEUIEYRIAS

a

dqunsuntdunan1sideNuandlaseasne (structure) ¥99N1508NWUUIIULALAT

Hewvueseveresng Tuduilidunsiiauesediu (level or degree) M30BNLUUTINLAE

[

N153dLLUUAIeYIeveIn; Ingldnvilinsetnudinuantviinfe 1) duilinsedunisesniuy
s (COD) funi1susunAaInsuilTasduaIuEuRUS a0 INIg (reciprocity, r)
2) FiTaruuresnsIsouuuAIote (SNR) ilunisusundmaindailinnnuvuiniy
204130918 (density, D) 51980 8ANaN15IATEAUTUN1IT09NLUUTINLALNITIVYLUY

=l ] '3 a v 1 f-&l
LATOVILVDIAG wazLnaNskUaNatinasalul

AN519 4.22 LNANEUNNTUIY LA UYBINITDBNLUUIILLAL ANULTUVBINITIVEWUULAS DU

ANl STAUVDINITEDALUUSIN  STAUAMULTNVDINISIVYUUULATIVY
0.00-0.50 9ONUUUTILTEAUG (L) flaudus (L)
0.51-0.75 pRALUUTINTEAUUINNaN (M) Januuuunans (M)
0.76-1.00 PONLUUTINTEA UG (H) fanudugs (H)

wueng. anngauilildiimsudinadsioandu 3 seauiivindu Wesananinnis

ONWUUTIULAZNISIVEULUUAT DU NBAIENISHANLAIUNR (non-normal distribution)

HaINNsIRTndnIsUsusiA tagldaasuiminissyienld unldlunisiasedu
n3viidelagldn1sviheuluunseoNLUUT LA AYINWHYR IN1SYINITELUUATEY Y WU
lnglafeudiasiariingiteinsiridelagldniseenuuusiueglusyusn (COD=.472) usil

TEAUANULNYBINMTYINITBuUUIATeIgglusEAUUIUNANY (SNR=.769)

'
av ao

idlefiansanausukuuretasevisluaseY N TIdendsaladiuiu 130 w3ety
WU JULUULATEYNEIATEAUTDIN1TORNLUUTININTIGAABIATEYI8LUU I (COD =.819)
sesasunAaiAsanekuUliiiUT1e (COD =.796) d1uin3UneNiseAU0INITOBNLUUIIY

vy A

YfouiignfeLAetBuuuIAEoNgA (P2P) (COD=.159) Wofinsanamnuduvesnsidouuy
ipenenud JULUUIAS et TmLIITe I TITEuUUIASeT BN TigeaRe IATeTnELUY
LaiflgUsna (SNR=769) sosasunAeLaIadieuuunas (SNR=.409) drutn3etiofidsefured
Mt Insiidouuuiaietnetesigndeiniev euuu I0ldougn (SNR=.034) Lan
AlafgreILIAATEIY MmumaINatsYeandnluleT ey SEAUNITORNLUUTI LAY

SEAUANUILVBLATEU8LARIRNS1 4.23
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M99 4.23 5EAUNSYININELA8 N 150N UUTINLALANUINYBINITVINIFULUULAS DY

las9a519n15919 58 M FZAUNMTDBNUUUIIN AMUTUNTITEUUULATEUE

(structures) « N DT r CcoD D SNR
lg13oLdUnTI (chain) 42 310 195 .733  .370 565 108
24 (circle)* 2 600 400 811  .827 400 389
Ha (hybrid) 14 1214 400 803 819 261 409
LTougn (P2P) 33 200 1.00 .624  .159 879 034
Arlasiau (star) 24 10.88 3.25 .787  .651 362 270
suldl (tree) 6 733 383 795 780 254 260
iaiﬁgﬂi"m (unstructured) 9 11.67 4.00 .780 196 390 169
ATWTIU 130 6.06 243 .730  .472 545 .209

B, N=1u1aveuA3e1Y, DT=manuminauanaigvesaudnlunisty
R= silinszAuanuduiusaemnng, D= MilinnnuvuiltureunIaty

COD=5¢AUMSVMIBLAITNITOBNRUUT Y, SNR=ANUIUNISTIIVULUULAT Y

* finueTerieetetnenuunegiiies 2 wetnenidensitdaiiolnatetisuuunailvissiunseenuuusmgsea

v

HANITILATIENTEAUNTRBNLUUTIULAE AUV DINITIFEUUULATEUIEYBIA]
Suunmutunsuresneanuuuii luiniernemsidefidnaldduau 130 wietewuis
Tnewadsaguariifntesiisziuniseenuuuinlumsiteluszduuunans (COD=.704) Tned
Aadsuniigelutuveanisdsratiym (CoD=679) uartiosiianludulsiiuasiouna
(COD=.600) pedlsfnu Asuaziiferdesiiszfunsiisouvuiniediedegluss fusm
(SNR=.462) Inedanademniignlutuvosnisdisatiym (SNR=561) wazdesiianluty

Uszilluagnauna (SNR=.354) ARNANISIATIVNUINTLAUVDY NANISIATIZIRIANSIE 4.24

M99 4.24 STAUTDINITENLUUTINLATANUITNVDINITINBUUULATU (K=130)

YUABUNITIDNLUUIN M
. . - . o . FIUNNVUADY
LAY drsnatym  denudgun asliewaiun  Ussdluasviouna

M sy M Sz M STAU M SzAu M STAU

N139NLUUI
. 679 Uunane 632 Yunane 610 Yrunans 600 Uunane 472 Urunang
Tun153d8

ALTNUBINTT , . .
561 Uunane 392 #1 .380 A1 .354 A1 209 #1

o

ATYLUULATDUY




99

anTIATziteyaiudimy Weduunszfunmssenuuu A BIdiueINTg
Fouvuinietisvosagniut unouresnisooniuuii uarlassairesvesnisiiifedt 7
sULUU NamTAleTgisEUNseanLuUTmmuin Tassaiensiidenuundetnevengis
yoansvenuuUTmInigalunn 1 FunsuresniseeniuusmAelasadteuunan (hybrid)
dlassadeiifiszdureanisesnuuuiandesiianlunn 4 duneuvesniseanuuuiufe
Tassadanuuanidenn (P2P) vaugiliilofinnsanmusefuaanduvesnsifouuuiaiete
wud1 lassasrenisvinideuuuiniediovesagiiseduresnisoonuuusuanigalumn
fumeuresnisoanuuuiiufelassadiauuulaifisuing (unstructured) daulassadafidisedu
voamseonuuusudesiianiunn 1 duseuresnisesnuuuimielasaduuuyaidonyn
(P2P) aeslsfimumaludruidnudsiunmeeenuuuinlunmemiinuied et enuuisiisedy
mMIsenLuUTINgsTian widleduunmutuneuasnuineotsuuusiinseenuuu oy
furouineios uanmaningissiumsesnuuuaradvesIenuUATet e

UNALTUNDUVBINTDDNBUUTINBALLATIFS 198 9LAT DU LRGN N 4.12

Degree of Co-design Strength of Networked Research

1.00

Structure

=e= Overall

~#- Chain
#- Circle
+- Hybrid
P2P
Star

Tree

@ b % &

+ Unstructured

025

0.00

Discover Define Develop Evaluate Discover Define Develop Evaluate

Stage of Co-design
AN 4.12 SEAUNNTEBNMUUIINLALAULUUUBINITIVLWUULATDUY
FILUNAIUTURDUVDINTOBNMUUTIULAL LATIAS 19UD AT DY

MNNUsINIsLUIsERUNTeRNLULT N mTITeIN T TuLu IS eTeTisey
@l wan1siazvauisalyisduuunselusindvesnisvinidevesasle 9 sULuy
(profiles) mamiuﬁmLLﬁmﬁmum%ﬂhaié’mamgﬁa 130 wdeteiidrsanuluasetdnuin
Lﬂ%@“ﬂl’]EJﬂWiV?ﬁf'\l]IEﬂJ’eNﬁgLLazrZEI’LﬁI‘EJ’JS?JjENﬁ’JuImy: (k=72) MUsIWduuy L-L WuRetiszdunis

| v a o = I % ° A I I3
DONLUUTINLAEAUIUVBINTTIFUUULATOVUTUTEAUAT T8989UNAB MI‘UﬂW@LL‘U‘U M-L
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Y

(k=27) HuRaliszaun1seanwuuIulusEAUUIUNaNe kazTlAULYLUBINISIFULUULAIDUNE

'
[y [J

seauen lnatasevienliusnglunisdisiansaiife lawn wIediewuy L-M wag L-H Hufe

'
1 aa LY

A8 NLTLAUNITODALUUTINLDULALANUINYRINSIRUUAS BUElUSTAUUIUNANS
WAz SYAUE

HaN15IATIERGINUIN Taseasransinidenuulgusaidunssagnululusluanisyia
3¥ouuu LL wazuredrunululusinduuy ML dwusulaseadnenisiisonuuasdadu
Tnseadafinulddos sxnululusingnisyiBdonuu ML uaz H-L dwsulaseadnanisyise
wuusanaznudlvglulsindnsideuuy HL dwiulasiaiemsinidowuugadengnas
g lulusindnisitouuy L-L sl Tassadenisiidouvuddlanisuasnudanlng
Tuluslndnsidouuu M-L dmsulassadanisiisouuusiulsasnululusindsinuamslus

Inldn19vinideuuy M-L wag H-L dlassaienisiddewuulifigusediing senululys

TNANSYNAFLUU H-H LaRINanIsHASIZilAeanIs1e 4.25

M1919 4.25 ﬂ'ﬁLL‘i]ﬂLL"\]\‘iE“LJ WUUYDINITOBALUUTINLALAINULTUVDINTTITEUUULATBUY

FIUNAIUIUIULATBUNY (K=130)

Tas9a319n15%11398 Tuslwlansvinade
(structures) k LL LM LH ML MM MH HL HM HH
lguseldunss (chain) (i = — 7 - - - - -
(32.31) (26.92) (5.38)
24 (circle) 2 - - - 1 - - 1 - -
(1.54) (0.77) (0.77)
Ney (hybrid) 14 - - - 2 - - 10 2 -
(10.77) (1.54) (7.69) (1.54)
f\;m%'am;m (P2P) 33 33 - - - - - - - -
(25.38) (25.38)
flanuAu (star) 24 4 - - 14 - - 3 3 -
(18.46) (3.08) (10.77) (2.31) (2.31)
auldl (tree) 6 - - -3 - -3
(4.62) (2.31) (2.31)
13ifigUse (unstructured) 9 - - - - 1 1 - 2 5
(6.92) 0.77) (0.77) (1.54) (3.85)
AINTY 130 72 - - 27 1 1 17 7 5
(100.00) (55.38) (20.77) (0.77) (0.77) (13.08) (5.38) (3.85)

wunewe. favluaduersevaziiieuiu 130 w3atne (K=130)
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naudi 3 Bndwaszuinalassadenisinddelagldnisesnuuuson AnuduveInside
LUULASDYNY LaZNANAANTSIIY
duiruanlddiauenanisingiasaumai et ulasiEs ez sERunsiITY
I@Eﬂﬁﬁﬂ’]iaaﬂLL‘U‘Ui'a:uLLazmﬁﬁaLLUULﬁ‘%@ﬂhmwd’mﬂguaz;jtﬁa’rﬁaaimiﬁﬁmﬁlmwﬁ
\3etnedeny drubavihansaumedildannmouneuntuildlunsimszieninasewing
1A598519n1591398 T ldnN 1590 LUUTIN AUUNBINITIVEWUULATDVUIE WAL HAREANTS

[ [ o

390 WeneaevauuAg wITudmsuaawITeden 2 arsyludiututanisiiausesnidu 2

99 TowA 1) HANITIATITAADANUSIULASNITLINLAVDIFILUTIVY WAL 2) HANISNAEDUY

<9

AuAgIUNTITY TeazBunusiazdIuial

3.1 HANITIATIZAADANUFIULAZNITHINUINVDIAMUTITY

v
aad

Tudnihinaueaninduysiss Ineviausemainugiu Toud Aiade dudonuy
1AsIu dulseAvsnianszane anud wagenalas Fuus IHud 1) sefuniseenuuuii
Tun15398 2) MUEUNTITELUURSaYIY uas 3) NanAnN153Te Tnenu ALRRsaIsTRU
n1seanuwuusInedluseiuliunais (M=.704, SD=.183) ANLRAUeIRNLTNNTITELUY
\wwsedngegluszautiey (V=.462, SD=.231) wagsuUsnanannTiseluafetifunissinenan
nHanaan1sITevengiie 3 Ussiam leun (1) $ruaviBaou/dentsaevlu q Aiamundy
2) Srunsadgminisouiiuiudidnse waz (3) Srnuendseiintulutaed w2561
2563 NAN1IATIZRNUITILUSHAREAN1TIAE TAeAswinfy 6.06 (M=6.06, SD=4.52)
ANTUNITLAIVDIAILUTITEANN 9 Tundadesuneldsd

FLUTIEAUNITOBNLUUTIN JA1508aTN1TNITLAIUMNIAY 26.02 TA1AIUY WNAY
1.91 uazdianaulae Wiy 3.63 TunngnIN3IINILINLANTDISIMUS TR UAISEBNLUY
JAoutulEY waziianulasgeninlasnitung TUMNEAILINSZIUNITODNLUUT LD
AguaziiAetesiszfudoulumannn Tnefidnuaenszagliimenguiusnnminiiag

FILUIAMUTNAITIFYUUULATEUY HAN50888NIIATEEWINNY 50.08 HA1AINLY
Wiy 0.08 wazdirnnalas Wiiu -0.47 SuninenuInNIswanLasuessaUsAudunTg
Fewvunsednglnarseiulasunid waruaianulnsesunflantios fauUsanutuueenis
Ui Idianyar InalAsei uNISHANLAILUUUNR

FuUsHNandnn1398 AASDUarNISATERWINAY 74.49 HAIAMILUWINAY 0.53 uag
fianaulas Wi -0.93 TunminemiinsLanLasesiLUsHanann s sedumsuanuas

rgudaden wasdaulasdasndund dunungauinandnn1sideeglussauasuly
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Vet widdnvuenszaeliiniznguiuuinmaneag s19as88ANaN1TIATISLANIA S

M1919 5.8 9813l5AMNINAITRTUEUAM Normal Q-Q Plot wag Histogram ASUANKAS

0IFUT AU FILUTIZHUNITODNLUUT LA HANANNITIYY Tnishanuauuullelas

Unf drusiinusanuunissenuuasedny Wudwdsniiniskanuaslnamesdulasuns

aa

LARAINANITIATIENAININ 4.13 UATUAAIHANITILATIZNNITHINLAIANED ANUFIUVRITE AU

NNSDNKUUIIN AUDNVBINITITUUUULAS BYULATHANANNITINELARINNT 1 4.26

M1319 4.26 N1TUINKIIANFDANUFIUVBITEAUNITODNBUUTIN AMUTUVBINITITEUUY

LASDUNULATNANANN1TIVY (Nas=270)

fauus min  max M SD CV(%) Sk  Ku
FLAUNITODNLUUTIM 000 1.00 .704 183 2602 -1.91 3.63
ﬂ’J’llJL%%J%@Qﬂ’]SSJ%JEJLLUULﬂ%E]GU"IEJ .000 1.00 462 231 50.08 0.08 -0.47
NANEAN1TITY 000 1500 6.07 452 7449 053 -0.93

N8R SE of Sk=0.15, SE of Ku=0.30

Frequency
Frequency

Frequency

0.00 025 5 10
Research Productivity

0325 050
Strength of Networks

0.50 075
Degree of Co-design

1.00 _" *
08
075
o r o
o [=%
Euso ; 50‘4
r
0.25 ,/
& 0.0
0.00{ « **
B2 A 0 1 2 3 302 1 2 3 3002 A 1 2 3
Theoretical Theoretical Theoretical
EAUNITOBNLUUSIN AN UDINTITITLRUULAT DU NANAANITITY

AN 4.13 ANWAULAITHINLIIVBIGILUTIVY
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NANITIATIEREN Y AL FUT LSRR TSR 3 Fauds Tneldumuninnis
N32218 (scatter plot) WU AIMUTTEAUNITOOALUUTIN AUANUTUNITIBUUULATDU18E
wunltuanuduiusiuluniauan (positive relationship) Turagfiguussefunisesnuiuy
SunarfnUsnanann1sive fuwlduanuduiusilidaey vueaferfurnanisieszs
Fanu3n FILUTANNEUNITITLUULASBUNY LAEAILUTHANEAN15IVE ATedlwulldy

ANMUAUNUSNUTALIY LARILNUAINANTNTLANYANUAUNUS VIS IARINN 4.14

Strength of Networks
Research Productivity
Research Productivity

ek #%tes *

025 050 078 1.00 0.00 025 .50 078 1.00 0.00

05 025 050 075
Degres of Co-design Degres of Co-design Strength of Networks

AN 4.14 SNYAUZANUANUAUNUSTEININIAWUTIVY

3.2 HANSNAFBUHNLYAFIUNIIIAY

N73duAsIlTauyRgIun1Ide 3 o laun auufigiun1side 1 lassasenisvinidy

9 9

[y ]

YBIAFNHTEAUVDINITORNUUUTINTUANAN UL dIaieAUTNYeIN1TITEULUULAT U

AULAFIUNNTINY 2 IAT9aT1an15YIT809ATNATEAUVRINITODNLUUTINTILANAI YA

danadouazliNaNENN1TITeLANANTY Lae auyRzIun1TIde 3 ATRNsEAUAIUNYEINTT

9

ATHWUULAT DU NWANAIA UL AINA IALANANARNITIVENLANANAY SI8ASLDYANITNAFDU

(%
v

auyAgIULAas ULl

3.2.1 3NBNATENIN9N159117398 e l9N1599NLUUTINADANULTNVDINSIFYUUY
LASDUY

MAranSIessiruduRussEniesulsTne 9 duUssavs anduiusuuuiiosau

}%

(Pearson’s correlation) WU AkUINN5Y1I38 TR lEN1500NLUUSINADAULUUVDINITIVEY

'
aad LY

WUULASOUIBTANUENNUSITLAURTS (linear relationship) egnsiitbdAgnisadanszau .05
TneiliduUsendandunusuuuiiasduyingu (r=.582, p<.001) ANUALRUSIZWINNTYINITY

lngldniseaniuuiiuseanuuveindeiuuesotveglusyauliuna
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1.001 XX
X Structure
X:X X:X ® Chain
0.751 XX ® Circle
+  Hybrid
< = P2P
‘g *
Z KX ‘% * Star
%050_ ﬁ % A Tree
P & Unstructured
iS)
5]
e * .
n - ¢ ¢ Network Size
* * ® 20
[ ]
1 * a Ao @® 4«
0.25 « A
A @ o
* * R KK
* Ay s % % @ =
@ o o @b *
o0 we D ©
000 = .
0.00 0.25 0.50 0.75 1.00

Degree of Co-design

AW 4.15 ANUALNUSTEMINNSEAUNITIBNLUUIIUAUANULTUYDINISIVEWUULAT DU

a

HAN15398luATINRINUT ATNNTEAUYRINITERAKUUTINTIAY Auuiliuiiagidowuy

I [ %

wseteliegadudunIntu et IatvayuaNyigiunTeden 1 11 laswianisi
WeueeAFNNTEAUYINITORNLUUSINNLANANT UL AINAADANITNYRINITITEUUY

LASDUNLANANU

3.2.2 dNSNATLNININ151NI81n8 THN1508NKUUIIN BAZAIULTNVDINTTIVY

a (Y

LUULAIDUNENAABNANAANITIVY

91NNFIATIZRAEDANUFIUTAN UL UTHANEAN15ITBTN1IwanwaswuUliUnG

[

wUsN15v13981nelen1509N L UUTINAUNANANNISINE

v 6 1

wazlilodunaANNEUNUS TEWIN

1Y a o

A
WAZ AU UVDINITITBRUULAS DU TuNaNARNITIven UM T wud Toulahduanudunusid

1%
a

WEUATI P98 UNITIATIZAIUAIUR IR LU T duUseanTandunuswuuiiieo Sau

(Pearson’s correlation) lunmsiAsgviauduiusvadfLUsAInaT
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Weuddgymdanan iiinsldisnsimseiununinnisnseaneseninafuusnis
¥delagldmsesnuuusin AmmdiweInSITeuuueSetns funanannIsondoufuma
auinys Inefuawnuvasiusuaniduiiudsnisyiniselneldniseanwuusiy (wau
uow) fumudweInTITouUUASTe (WU uagldmudivesduansseiuNanannng
7Y HANITIATIEANUTT ANWUEANUFUNUSYDINANANN1TITYTEWINNITEDNUUUTINLAY

ﬂ’J’]ﬂJLeﬁllJ"Ua\‘iﬂ’ﬁ?J‘:]JEJLLUULﬂ%@slj’]ﬁlgljﬂflLLU’ﬂﬁﬂJﬁhjL%uﬁu{ﬂ‘iﬂaﬁj’]ﬂﬁmﬂu NALAAIAININ 4.16

Structure
1.001 XX

@ Chain
® Circle
+ Hybrid
= P2P
; * Star

&

A Tree

% Unstructured

oK Research Productivity
® K 15

*

0.501

Strength of Network

0.251 " o xT a
. * ok Network Size
¥ ORKE Kk ®
Db A * . 40
oD ©
@ so
@ =

00091 = o

0.00 0.25 0.50 0.75 1.00
Degree of Co-design

AN 4.16 ANUAUNUSIEINNTEAUNITODNLUUTIN AUIUVDINITIVYLUULATDUNE

AUNANARNI1SIAY

Tuiuweufendu Wansedladgndinlagldnisinseifewnuninnisnseane
5ENIIAILUTN5YINIElnglEn1589nLUUTIN (LAUUBY) AMNLTNYBINITITELUULATDUNY
(WnuRY) FUranAnNIFISEnSauAuianuiiuds uifiunisuanuastaginanmuduneudes
Y9IN1590NUUUTIY LLazf\i”lLLuﬂmmgﬂiwimqa%ﬁqLﬂ%@ﬁdwﬁsmﬁ’u Afanuii dnwae

a

ANUFUNUSYDINANANNITIVYTENINNITOONLUUIIULALANULIUVDINITIFULUULAI DU

be

wldudliladudunseegrsdaau Maluduneudesvssnisesniuusinlussazang « el

[ s

Lﬁaimiwﬁmﬂimqa%wqLﬂ?asﬂnaﬁﬁgﬂiwﬁLL@ﬂﬁiwaﬁ’uﬁé’aWU’hﬁgULmemé’mwuﬁﬁU

NANANNTTIFeNLUTAIL Fanw 4.17
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Discover Define
4 3 Y I
1.00 % ¥ ) Structure
o @ Chain
0.75 1 & e Circle
0>l< e ‘o + Hybrid
/ e >
0504 . SO x%v%k- .’ . = P2P
* ¢ A *  Star
& AT X 2 o A
a ¥ A Tree
X % %
0.251 ”, ¥
2 ; P © 5 @ W00 @ Unstructured
\6 ) @ b oo™
% 0.001 = 5
z Network Size
G Develop Evaluate
£ 1.00 ¥ ® 20
o . @ 4w
o
o @ <
0.751
* X
‘(’"i" ¢ . Research Productivity
0.501 » 3 B3 15
,>K o & + e
* * * A
" \ £ o | A 10
0.251 « o N 5.
S 0o h * ® o *‘. * i
. & ® 00w 5
" e ®”"
0.00 1 0
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Degree of Co-design
AN 4.17 ANUAUNUSTEUINTEAUNITIBNLUUTIY ANULTUVDINITIFEWUULASDUENY

HANAANTITVRIAT TUUNMUTLLVDINTTOBNUUUTILALFUTNVBUATRUY

NMNaNTIATeRteeu fihliiaeanulidanulunmsasydnyugvinassning
msiidelagldniseonuuusin wazanuduvesnisideuvuiadetneislronandnniside
Tunsudtmdnsdusedsnisdudindia WlAsnsulsefuvessuUssefunIseaniuy
SruuazauduvesnnTIdeuvueietisesniluaussdu Ao i1 Uiunats wazgaleeld
nausinaTe 4.22 Tnsagldlusindmaiidevengionun 9 TUslwg

wan1sunlUsIWaseiuresniseanuuusINkaTANiYe N TIToLUUIAS a0 T
Suunlfuloiiunananniside wailddlidulsindvesnisiidoveses 3 Srunandili

a a v d‘ a = ! 2/ 0 A =
mamammm%‘[mmaaammqm FINWUIN Iﬂili/\]éiﬁiﬂﬁi']ﬂﬂ’ﬁﬂ/ﬂ'ﬂ"ﬂEJGUEN?]ELLU‘U H-H UuAB A

Y

[y 1 v

fiflszdunsesnuuuTLarmMILTvssMTITeuvuiaiedslusfuge Wulusliandsesu
AldsvoInaNAnN1TITugaTian (M=8.41, SD=3.67) se3asnfe TUsludlaseadnanisyiniide
Y99AFUUY L-L (M=6.60, SD=4.89) Hiufie AgfiflszAun1soonuuusmLazaLduYeeng
Feouvuiiedslusyium v lsIndnTusndlassairanisvinidevesaguuu H-M du

Ao A3NTseAun1TeRNLUUTINGS winuiNreINTITwuuese telusyduUunans WWu

Wslwanfiszavaedevemandnnsiduaadududuiian (M=6.57, SD=3.42)



107

nanAATIzinuI dmsuluslndnisiideuuy LL agidlassaiauuugaidouqa
IenananmsiTelnewdsgsiign (M=11.00) dlustiduuy M-L wud agitlassaiiauuule
I¥nandnmsiselnsiadogeiian (M=10.50) dlUslduuy MM wag M-H wui sisaoslus
Inladifanglasaainentsinidouuuldfisusne (M=3.67 uag M= 5.89 nuddu) dmsulus
IWduuy HL wui asiiilassaiauuuiiflanduldnandnnisidelnendogaiign (V=6.06)
dmsuluslnduuy M-H wud asiiflassadrauuuiiflanduldnandanisidelnedogeiian
(M=7.38) wazlUslwduuy H-H fllanzlassaieuuulifsuss Iinanannisidelnoiadog
faniloiioufunnluslid (M=8.41) uanananisludlusladnisiidevesag 9 wuu Ay

nanann1sIvelaeaslunmazlusindlanimisne 4.27

1%
a =

A1519 4.27 PUIURARENNTITBveIAIiNATUlagadellaTuuNAulATIEs19N15YIITY

Aa ] v Ao A N @
ﬂ@ﬂﬂz‘mllﬂ']i@@ﬂLL‘U‘UTJQJLLEWSW]']NLGUlJGU'E]Qﬂ']TJ‘UEJLL‘U‘UL?’W@GU']EJV]LLWﬂGYNﬂu (Nm=270)

NaNAANISIY (ALRAY)

TAs98¥19n1591139e

Nes LL LM LH ML MM MH HL HM HH 352

(structures) Y
(n=32) (n=83) (n=12) (n=18) (n=46) (n=56) (n=22) (N=270)
19vi50Ldus$9 (chain) 23 B Gl L - - - - - 6.61
24 (circle) q = q - 1150 - - 550 - - 8.50
wesl (hybrid) 58 - - - 362 - - 543 389 - 4.38
LTouN (P2P) 4 1100 - - - - - - - - 1100
dlaniay (star) 107 440 - - 644 - - 606 738 - 6.59
guldl (tree) 9 - - - 625 - - 140 - - 356
laifigusne (unstructured) 65 - - - - 367 589 - 631 841 6.42
ATNSY 270' 6.81 - - 5.68 3.67 5.89 5.22 6.57 8.41 6.07

v
0 aw Y

NNUANMTHATIATIIAUFURULURUSEN5U09LUsIEN 59T veangns 9 JULUY

LY [y ]

funandnn1533s Tasaziiudnluslwdfitlsesuvesnisoonuuusmdigs Wedanuduvesnis
Wouvuiadetiofigetu Suualiudiaglinondnnisidofigedu (M=522, M=6.57 uas
M=8.41 mudndv) ogalsfimumafindundumumensdilusindiuiianudureamside
wuuLAetneiisn dsdiuiilusindussnniiifssduresiniseenuuuimgadunduld

NANAANII8anad (M=6.81, M=5.68 waz M=5.22 auaisu) WiswSeuiieulimdiuaing

Yaa

wANA19veaNanNann1sIvelunsazlusivantaau n1s3dslunselaeldisn1swSeuniieu

[ (%
&Y Y

ANRAYNANANNITIVY TaadkunaulUsindn1sITenane1anuy sizasiu sauwdsauluas
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[

fusyneuie 2 fuvs fel) seiuvesniseanuuutin fwvadu 3 sviufe sedum sedu
Uhunans warseiugs uay 2) mnuduvesnsideuvuieietns fifinisutadu 3 sedu Ae
s sEiuunans uazsziugatuAenty uiidowhedudsandansidesinsuanuag
liunfuagluslndnisifevesesusazuuuisuauiessreudradesluusas luslng fedu
nsisuiisuanedslundidseldisnsimsdiauudsUsiuuuuLud (Bayesean two-
way ANOVA) Tngltdn Bayes Factor (BF) lunisnageuanyiignu wayldn1siasienaing
wlsUsruaeanawuuiiufduiuslagisnsunfidseuiieunaniu
NANITILATIZVANLYTUTIUADIM L UULIUAN YT TUlnaTeen1TilaT 12l
UfduussenineszduveinisosnuuuiiuuagszAuresnsidenuuiaietny dndngiud
LWeNNe (strong evidence) (Kass & Raftery, 1995) (BF,=0.033, BF,=29.94) 1umia§ﬂmiﬁ
UfduiusseninesefureinseanuuUINLazsERuTeIN T TauuuIASete il wadils
aonndesiuNan1siIsuifisuAiadenandnnisievenglnglinisiinseianuudsusiu
apamauuUTiUFEustus (two-way ANOVA with interaction) lagi8nnslaaaldaduiily

v c ! U 1

(general linear model) Ingnui1UJaunuGs81I1958AUNITORNIUUIINUAL AULTNVBINIS
‘3”sJLL‘U‘Um’%aﬁdﬁsﬁﬂaﬁﬁ@mqaﬁaﬁizé{u .05, F(2, 263)=3.10, p=.047, 1*,=.023 Fari wa
MsRTefludiuiasatimiiug wamamaqmﬁ{fwmﬁgﬁﬁizﬁumsaaﬂLLUUiamﬁLLmﬂﬁm
ﬁ’u%LLmnﬁmﬁu‘[m%{uagﬁ’mzé’wmmﬁ%’mwuLﬂ%@ﬂiwﬁumwmﬁu NAN1TILASIZYIAIY

Y-

WUSUTIURUULUE dazanuuwlsusuasmasuulufduius wanalafnnsns 4.28

M99 4.28 HANTIATIMUSUIBUATRAENANENNTITE URIATIHUNANFURUY
1a59a5 19159138 veAsiuANA Y (N,;=270)
2-way ANOVA

fanusau Bayesian ANOVA
(with interaction)

(factors) F P 1 BFu BFyErmor(%)  ayUua
Intercept 335.86<.001 561 - - - -
CoDesign*SNR 3.10* .047 .023 - - - -
CoDesign 4.32* 014 .032 0.159 6.28 402 Positive Evidence
SNR 257 .079 .019 0.228 4.38 +40.03 Positive Evidence
CoDesign+SNR - - - 0.0442257 +1.43 Strong Evidence
CoDesign+SNR+CoDesign*SNR - - 0.03329.94 4087 Strong Evidence

NUYLUR * p<.05, Levene Statistic=2.08, p=.055, nzp = Effect Size, BF=Bayes Factor
Bayes Factor Type JZS Method, BF,, = Against denominator-Intercept
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a ¢ = = ' a a aw  ay I3 o aw o
NMNNANTIATIBINSUSBUTIBUALReNaNEAN1TIT Ve NELUS INaN15vIIden
wansineiunudn dnangruiiesnelunisatuayunistufduiusuotseAurainIseanwu
FIUUALITAUYDINITIILUUULATOUNEY A9ty ﬁqié’ﬁmﬁLﬂﬁzﬁé’ﬂwmwﬁé’mﬁuéﬁLﬁméﬁuﬁia

NANAANTITE HaNFIATIENUIN dmSuasidissfuniseenuuusialusefuuiunans agi

Y

'
[y

iuWUﬂ’ﬂllLEUN“UEJ\‘iﬂﬁi’J"\]EJLLUULF"IT&J“U’]EJGH aulﬂmamammsnaaaﬂmﬂﬁﬁszﬁummgﬁﬁi U

av a [y

muduresnsidouvuiaieteiunats wiazlinandnnsided biwanssfufuagid
ANUTUYDINITITILUULATOUEEN

luvuzingiu dmfuagiilsziuniseanuuusiuluseduas AsNANUYNYEINTS

Y

al

Feuvuiedetiegs axlinandndiginiiagfiflsziumiuduvesmAdeuuuirdetieuiunans

a aal LY

Lage LarASNNAILINYBINITI EJLLUULﬂiasU’lEJU']Uﬂﬁ’N"i]”IMNﬁGW]ﬁQﬂT]ﬂﬁ‘ﬂllﬁ%ﬂllﬁ?']ll

Y Y

UY99N15ITYRUULATOUIEAT WARINANTTIATIBNUHFURUTTENIE N1sTUJFuR UGSV

SEAUVDINITDDNMUUTIULAS SLAUVDINITIFYWUULAT DUEFBNANAANITIVULAGININ 4.18

-
o
L

2
=
8 a Strength of Networks
T P
o L Low
o e
- o -*- Moderate
S .-
e " A .

8 e 4- High
(72 X +
Q
x

5.

i
O.
Low Moderate High

Degree of Co-design

AN 4.18 YJFUNUSTEnINeseAuNIeaniuuTIdkaALdUYeenITIUwUULATEUNY

Aa

NiFDHANANN1TIL VDA
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Han15338luAseiTanudn AgnlseauveInITERNLUUTINLALIANUYINYEINTIY

a

LUULATBYIERANAAY A8yl lakanann1s3Teuananeiy fey eatvayuauyfgiuns

b
[ [y ] [y gli

F8999 2 A 1ATIASNNITVINIVEVDIASNLTLAUVDINITOONLUUTIUNLANFIN U

Y

IHARD

a Y a

waglHaNANNTTITEUANA1TY Lasdiaiuayuauyfgiunsideten 3 Ae asndseRuaIy
WUUDINITIFYRUULAT DU NANANA UL AINA A LPNANAAN1TIVENANFHI AU
3.2.3 f1pe4lATa AT UIENNTILVRIAFNINANEAN1TITEEN
INNANITIATILHDNTNATENINTLAUNITBNLUUITINIUNITIVY LaZANUTUUD S
Ao A Ao a Ao 6 v A Ay o ¢ ' )
NTIERUUATEY e lRaNaNann1TIdeveen3 Tlmiunisilegvesufjduiusseninamuys
5 1% 4 [ a a v a [ a 6 dy Y @
P9EDITIAUNUKNANANNITIFY TUVULLAEINY INNRNANITILATIZUAITI 4.25 FLIALiAU

urulassaiuesotienwanssiuluualusinguenisidevesns 9 suwuu Tuvaeimeaiu

Y

fal [ a

MNA1519 4.27 ATIFTuI Iuimqa%ﬁqLwiazgﬂLLUUTuLwiazIUﬂWaﬂmzmumamammﬁ%’aﬁ
sefiuge dadu Tudnildslddaiennietevesaslulusindnisifidounaguuuumnine
AnwdnvazaennIetiedse Toun wistied 44 FailUsIndmHTouuU H-H w3ev1ed 43
FEUSINENSYITouuu H-M 1e3etedl 83 Feillusingn1sidouuu M-L uwazpiotiedi 114
Falusudnsidouuu L-L SswasiBonsselud

1) A18819LATBUIINITIYRUY H-H (1ASaU1eN 44)

Network-44
T121
. AC18
T329 g
TTC18
7107
T343
1369
T224
T191 -
i Position
Te8 . Administrator
. Researcher
. Supervisor
SSP65-1 ' Teacher

VUGG, ANUNLIVBUFULAAITIVNAANTVRILEUTON

AN 4.19 1AS9ESaATeUNeN15I8v0IATNFULUY H-H
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av = ! = =i < (9 ! E=! ! o aw
N153ILUUUIATEINEVDIATIATEY8T 44 LTufeE19U81AT0Y18N15YNITLVRIAT
LAEHNEIU0INLTEAUNITORNUUUTINAWMAZIAMUTNVDINITITURUULATEY8E (H-H)
ww3eYnelilannndiuiu 12 au lngusznauluaieng guinis Anvidmanuazei1a1se

UNINY1aY 1ALLA3U8N15I8TLINANANNISITL VRIAUITNIAULREAE 1AY 10-11 1589

=

nelu 3 U nagnsnisadruniednonisideliisyuuvvennieviguuulaiisusis

Y

=

(unstructured network) tafia1sanalngaunumvesyanatupzou1eaenuIn Jaunni
Juagaundsiiviminiduyanaununasdrfgluniedie (total degree=239) AgAuildl
Y I o o a va o a = ' Y

anwuziluagunuiinlaegdaulnddaduanBnauduy q Apud1auIn (closeness=0.07)
uzingIny agvinulleglananenuduius seninsyaradulunievig (betweenness=50.50)

< A = [y o w A 1 = .

wazidununilanuweslesivyuanadiAylunaYiguniian (eigenvector=1.00) Insyanaly
w3edednuis unumilidenulnadadvauiinaudy q deudiawinAeguinig

o I

(closeness=0.07) Ingusnisdieglanaraniudunusvesyanady 9 lusedunuineie
v

(betweenness=12.97) ArnvilinAnuluguinannvesudasyanalues ouny wanInin1sg

4.29 uangusnuesevienTIdewuLT e engui 44 ladsnm 4.19

A13719 4.29 AANTuAUENA1ATEYIENITIELUY H-H (Ngyngr=12)

Centrality Measures

gUNTN UNUM Degree
= — = Clos. Between. Eigen.

T107 A3 43 26 69 0.05 2.71 0.48
T121 A3 24 25 49 0.05 0.28 0.42
T191 A3 55 50 105 0.06 12.07 0.55
T224 A3 24 24 48 0.05 1.05 0.39
T329 A3 34 24 58 0.05 1.91 0.43
T343 A3 22 21 43 0.05 0.14 0.39
T369 A3 46 24 70 0.06 3.73 0.39

T68 A3 22 20 42 0.06 1.10 0.29
TTC18 A3 122 117 239 0.07 50.50 1.00
AC18 QJU%WIS 52 73 125 0.07 12.97 0.54
RC18 219158 17 37 54 0.06 1.24 0.25

SSP65-1 @nwiilwnein 23 a3 66 0.06 2.30 0.31
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2) A79E191AT9UILN1TIBUUY H-M (1ATa%187 53)
nMfeuvuRTetevesngAtoued 53 IWuiedavena3evien1sinifeveng

LAE N EIU99NITEAUNITODNRUUTINEMAZIAIUTNVRINITIFELUULATOUIEEL (H-M)

o

A ] ‘:’ljd a o 14 Y a = a 3
bATDVIYUUANIVNIIUIU 16 AU I@EJUi%ﬂ@‘UI‘LJ@I’JEJﬂE NUINIT ANYIUINANLASBIR19Y

a v

a o & Y a aw a a{' d' a
HNA1INY1QY IﬂﬂLﬂi@mqﬂﬂqiqﬂﬂuiﬂNaNamﬂ'ﬁ’Jﬁ]EJGU'E]QalI']SUﬂIﬂEJLQaEJ 9 LSENmEJSLu 34

[
a a

nagnsn1saiinaIedien1sideilisluuuvenasetieuvuilglanau (star network) lngil
yanalaaiduAonsunuilulsadou TTC20 WeRinsannalndaunumussyanaluirdorns
U yanaluedetneiiimulnddnlndidsedu duelifiaulnogiaainyanadu 9
uniuld WeRinsanludsunumeznuin faundniiduageunilsfiens TTC20 fUfduiuS
Aoutnsgeluir3etie (total degree=181) uaziiuynnaiideslosfuyanadifyluiadetng
1In7gn (eigenvector=1.00) Yz AAnwITmAR 5539 Hunumlunisasranudusius

JEUINNATEVIE08VRY 2 anuAnYIeILIRIeiU LanaNTl yaralupseYeBnuilaunuivi

'
] [l

o v A ) o v 6 A o A v
mmﬂmaﬂg T266 laeLdunsn EJIQﬂﬁ']\‘lﬂ’ﬂ?,JﬂNWUﬁsUENuﬂﬂa@u 9 TusgauiApuY19UIN

Y Y

(betweenness=69.03) auiinArudugudnarsvaturazyunnaluinionns LanIfmIsIe

4.30 uana3UIINATENENMTIBUULATEYIENGNN 52 laRsnn 4.20

Network-43
1154
T114
T322 AG20
TTC20 T253
RC20
Tge T347 T194
RS4 .
S539
Position
Qo @ Administrator
T51 AC16 . Researcher
Supervisor
TTC16 . P
. . Teacher
RC16

VUGR. ANUNITDUFULARITUNARANT YDA TON

AN 4.20 1A9ES19LATEYNENNTIRBVDIATNLTULUY H-M
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A1579 4.30 AANUTUANENA1LATEYIENITIRELUY H-M (Ngyr50=16)

Centrality Measures

AN UNUM Degree
- out rotal Clos. Between. Eigen.
T114 A3 30 21 51 0.02 11.06 0.47
T154 A3 6 6 12 0.02 0.01 0.13
T194 A3 23 14 37 0.02 9.42 0.36
T253 A3 12 12 24 0.02 0.03 0.27
T266 A3 aa 40 84 0.02 69.03 0.71
T322 A3 11 18 29 0.02 0.13 0.29
T347 A3 34 33 67 0.02 3.31 0.65
T51 A3 35 22 57 0.02 34.66 0.04
TTC16 A3 12 16 28 0.02 0.00 0.01
TTC20 A3 95 86 181 0.02 77.60 1.00
AC16 U3 24 24 a8 0.02 4.34 0.08
AC20 U3 aa 54 98 0.02 18.25 0.65
$S39  Anwitan 40 54 94 0.03 97.14 0.18
RC16 919158 0 7 7 0.02 0.00 0.00
RC20 919158 1 6 7 0.02 0.01 0.05
RS 919158 16 14 30 0.02 0.00 0.06

3) A19E19LATVIUNITIVYLUU M-L (A58 83)

N15398ULUULATEY8YDIATLATRUET 83 L*‘ﬁJuéf';as;ifmsuaaLﬂ%asdwﬂﬁﬁﬁ%’asuamg

[ ]

LArHNEIU99NHTEAUN1TDNKUUTINUIUNAN LATIAMUUHYBINITITLUUULATEYIE AN

(M-L) ww3avnetifianndndiuay 6 au lngdsenaulumeng dusms Anwiinadiuaze191sd

(% '
av A

UNNINENY I8LA3a8N15Ie Tl ANaNANN1TITeUBsaLTNInewREY 11-12 15aan8lu 3 T

€

'
Y A a

NAgNSNITAIILATEYIIN1TILLTULUUVBUATYIBLUUIN (circle network) LB#ATAN

nalnlsunuimvesyanaluniatigasnudn dagnilsaululsasoundujduiusiy

4

ANWIRWMANLALD115TUNINENaE (betweenness=12.52) IagNa19158dhasAnw1dmnan

uaradanaafldlatufduiusivyanadu o lulsadeudie lneagnuitaglulsuseuiinig

[

panuuuTIniuluseiuuin vaueiguinmsanufnuiduduiusiiesivaguauisay
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v
1 =

& v t:l' [y = v A9 v & =1 a M 1 = va [y a
UBNYINU ‘U@HﬁLﬂEJ’Jﬂ‘ULﬂi@‘ﬂ’]ﬂu%ﬂ‘ﬂ‘lfimujﬂﬁﬂﬂ’]uL‘VlﬂﬂlllﬁE)EJiJﬂ’]']ﬂJIﬂ@”U@ﬂUﬁiﬂ“Uﬂiu

v

iAseTIBNINIINTIANS Adriinanudugudnaisvesudazunnaliues oy wAAIAIAITIS

4.31 uanagusnuaIetnenTIdewuuAIeengun 83 lafunn 4.21

Network-83

A Network-114

RS199

.
I
IS

=
©
©

T338
TTS199 .
Position

Position

@ Acministator . Administrator
. Researcher . Researcher
. Supervisor . Supervisor

SSP96 @ Teacher AE338 . Teach
eacher

VBN, ANUINYRLAULANT AR IveE Yy

2w 4.21 lassas1aesedngn1sidevesasniiguuuy ML wag LL

M54 4.31 AU duguEnaIesevIENITINBRUU M-L (Ngyn50=6)

Centrality Measures

fUNYN UNUM Degree
Clos. Between. Eigen.
in out total

T144 A3 18 18 36 0.07 0.48 0.60

T199 A3 33 35 68 0.09 12.52 1.00
TTS199 A3 36 21 57 0.08 4.04 0.94
AS199 ;:{U%mi 13 27 40 0.08 1.96 0.68
SSP96  @nwtinen 0 2 2 0.10 0.00 0.04
RS199 919158 il 1 5 0.07 0.00 0.10

4) A79E19AT0YIBNNTIBUUY L-L (1AT9e9 114)
a v A 1 = i < v 1 I 1 o aw
N15ILUUUATEYBTRIATATEUIEN 114 1TUI9E19709ATRYI8NTYINITEVRIAT
WagALNEITRINTTEAUNITEDNLUUTINA kaEiAUdNYeINITITeLUULATEU8A9Y (L-L)

wsenelTann¥ndiuau 3 auwintiu Inedseneuluimeng guims tnlddngudnwifimen
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£
a v A

Lare1915unINende lneiasotienideillinanannisisovesaundnlaeiade wde 15
Fosmelu 3 U nagninisairaedediensifelisuuuveaniotisuuuidunss (chain)
network) WefinnsannalniBsunumussyanaluedotnowuinguinsiujauiusifiesiung
uARUAEY vauziing T338 uas TTE338 fin1sesnuuuiiuiusgweauas Avvdiannudy
AudnatsvesuiazyAnalulAIounY LAAIRINITIG 4.32 Lane3UsIanTeUngn1TITeRUY

wseTENgNil 114 ladanin 4.21

M99 4.32 ﬁ'ﬂmmLﬂu@usjﬂmaLﬂ%@ﬂiwmﬁﬁmwu L-L (Nagrin=3)

Centrality Measures

#U1%n UNUM Degree
Clos. Between. Eigen.
in out total
AE338  HUIMI 1 1 2 0.33 0.00 0.06
T338 A3 18 18 36 0.50 2.00 1.00
TTE338 g 17 17 34 0.33 0.00 1.00

Y

= - 1 a 0 Aawv yada 1

naudl 4 lUsunssanzyanataduaiun1sinidevesazlagldisineiniseaniuusay

! &z °o A [ 3 av v A A = [

druiidunanisaniiunisaiuingussaianisifeden 3 fe Woasnuuuwaziauwn
lUsunsuanizyanaivedaiinisyiidewuunIastigvansinglivanniseaniuusiu way
Usziiuanuwnzauvedlusknsuiamndulugune e swlilusunsy tneransideludii

< o A o ! = a £

2 waz 3 tuansaunananidianldluniseanuuulusunsunisdaeaiuy svazidende
AUNUVBIUITEazwUseandy 3 Ussnundn eun 1) arsslulusunsuanizynnaiie
duasuni1svinidevesas 2) AunuulusunsuanizyAnaiieduasunN1snITeuesng was

3) puAnuvelinTiselusunsunnauioduaiunsidevesny dseazidunaadl

4.1 anstlulusunsuanizyarailaduaiunisinisevesag
Tusunaulunsdaadungluadaiidomansvey 2 dau daudl 1 wuvssduiiold
FuundnunizsssunAnisyiniseresng dwdl 2 ailensduaiunsviidouuuiaietieves
aslaglinnseanuuusan Tasduil 1 azfiniseenuuuiduivueundinduiiielviagidly
dudunsldszuuuiuteyatoundunasldizouduumsnngieludui 2 fldoonuuuiely

dnsuuravyana MeaviBunvesusazadluiinadnsainn s lafadl
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'
v

Weh 1 malunsyszidunueseeniilaseasnananise 4.33

M1919 4.33 159851990909 518MT ULUUUTEIEIUALEY09A]
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13U 3 U8 * ANILTBRBULIAANNTEBNLULTIL - ugevseidnadesmuuuIAnueINIs
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3.anmn1svinaelagldnig ® nmsdrnatlym (discover) - Tunsfuminaginidedeserls viuld
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How to Co-design Networked Research?
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Useful Resources
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Co-design: Best Practice Report
Sneeuw LaTAUE (2019)
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CO-DESIGN
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An Introduction to Co-design
Ingrid Burkett (2019)
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Co-designing with young people
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R Co-designing with young people The fundamentals
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A9819ANFIUNNEIUIINNISIATIZA28TUTHATY R 1I85TU 4.0.5

setwd("D:\\Cinderellaboy\\CU GCloud Storage\\Dissertation PhD\\Data Analysis\\CoDesign\\Overall\\")

library(igraph)
library(xlsx)
library(RColorBrewer)
library(GGally)
library(ggplot2)
library(network)
library(intergraph)
library(ggnetwork)
library(sna)
library("data.table")
library("qdapTools")
library(psych)
library(ggraph)
library(tidygraph)
library(dplyr)

##mport edges and nodes

edgesl <- read xlsx("N_dataCl.xlsx", 1, header=T)
nodesl <- read.xlsx("N_dataCl.xlsx", 2, header=T)
edges2 <- read.xlsx("N_dataCl.xlsx", 3, header=T)
nodes2 <- read xlsx("N_dataC1.xlsx", 4, header=T)
edges3 <- read xlsx("N_dataCl.xlsx", 5, header=T)
nodes3 <- read.xlsx("N_dataCl.xlsx", 6, header=T)

edges18 <- read.x(sx("N_dataCd.xlsx", 7, header=T)
nodes18 <- read.xlsx("N_dataCd.xlsx", 8, header=T)

edgesOverall<-do.call("rbind" list(edges1,edges2,edges3,edgesd,edges5,
edges6,edges7,edges8,edges9,edges10,edgesll,edges12,edgesl3,edgesld,
edges15,edges16,edges17,edges18))

nodesOverall<-data.frame(nodesOverall<-unique(rbindlist(list(hodes1,nodes2, nodes3, nodesd,nodes5,
nodes6,nodes?, nodes8, nodes9,nodes10,nodes11, nodes12, nodesl3,nodesl4,

nodes15,nodes16, nodes17, nodes18))))
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##Getting Subnetworks

netOverall<-graph_from data_frame(d=edgesOverall, vertices=nodesOverall, directed=T)

cebOverall<-components(netOverall)
Small<-which(table(cebOverall$membership)<2)
Keep<-V(netOverall)[(cebOverallsSmembership %in% Small)]
netOverall_re<-induced_subgraph(netOverall, Keep)

netwOverall<-asNetwork(netOverall_re)

## Describe Give-Take each Network ###

netQl<-graph from data frame(d=edges1, vertices=nodes1, directed=T)
netQ2<-graph_from data_frame(d=edges2, vertices=nodes2, directed=T)
netQ3<-graph_from_data_frame(d=edges3, vertices=nodes3, directed=T)
netQd<-graph_from_data_frame(d=edges4, vertices=nodes4, directed=T)
netQ5<-graph_from_data_frame(d=edges5, vertices=nodes5, directed=T)
E(netQl)

EQ1<-get.edgelist(netQ1)

EQl<-as.data.frame(EQ1)

write. x(sx(EQ1,"Q1-Edgelist.xlsx")

EQ2<-get.edgelist(netQ2)
EQ2<-as.data.frame(EQ2)
write.x{sx(EQ2,"Q2-Edgelist.xlsx")

EQ3<-get.edgelist(netQ3)
EQ3<-as.data.frame(EQ3)
write.x{sx(EQ3,"Q3-Edgelist.xlsx")

EQd<-get.edgelist(netQd)
EQd<-as.data.frame(EQ4)
write xsx(EQ4,"Q4-Edgelist.x(sx")

EQ18<-get.edgelist(netQ18)
EQ18<-as.data.frame(EQ18)
write.x{sx(EQ5,"Q18-Edgelist.xlsx")

EOverall<-get.edgelist(netOverall)
EQverall<-as.data.frame(EOverall)

write x(sx(EOverall,"Overall-Edgelist.xlsx")
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#sort network ***USE THIS TO COUNT PATTERN NETWORKS***
set_graph_style(plot_margin=margin(0.01,0.01,0.01,0.01))

set.seed(2)

geraph(netOverall,layout="stress")+

geom_edge_link(aes(colour=Step),

position = "identity",strength=3,
arrow=arrow(angle=30,length=unit(1.5,'pt")),end_cap=circle(1.05,'mm")+
geom_node_point(size=2.5,colour="Black",aes(shape=Position))+
geom_node_point(aes(colour=Position,shape=Position,
fill=Position),size=1.75)+scale_shape_manual(values = c(16,18,17,19))+

theme_facet()

## Visualize overall netoworks
Small<-which(table(cebOverallSmembership)<6)
Keep<-V(netOverall)[(cebOverallSmembership %in% Small)]
netOverall_re2<-induced_subgraph(netOverall, Keep)

netwOverall<-asNetwork(netOverall_re2)

netOverallsim<-simplify(netOverall_re2)

Shapes<-c(16,15,17,19)

set.seed(1)
Q.overall<-ggnet2(netOverallsim,directed=TRUE,node.size=3,
edge.size=0.3,node.color="Position",palette="Set1",
arrow.size=2.25,arrow.gap=0.01,max_size=4,
arrow.type="closed",repel=TRUE,legend.size=12,
legend.position="right",node.shape="Position")+

gatitle("Co-design")

Q.overall +theme_facet()+scale_shape manual(values=c(16,18,17,19))+
guides(color = guide_legend(override.aes=list(shape=c(Administrator=16,

Researcher=18,Supervisor=17,Teacher=19))))

## Subnetwork Statistics ##
#reciprocity

reciprocity.Overall<-sapply(unique(membership(cebOverall)), function(g) {

com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))

reciprocity(com.Overall)
)
reciprocity.Overall
#density
density.Overall<-sapply(unique(membership(cebOverall)), function(g) {

com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==¢))
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graph.density(simplify(com.Overall))

)

density.Overall

#diameter

diameter.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
diameter(com.Overall, directed = TRUE)

)

diameter.Overall

#average path length or geodestic distance

avg.geodestic.dist.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
average.path.length(com.Overall, directed = TRUE)

)

avg.geodestic.dist.Overall

#average degree

avegdeg.Overall<-sapply(unique(membership(cebOverall), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
degree(com.Overall)

)

avg.deg.Overall<-as.numeric(lapply(avgdeg.Overall,mean))

avg.deg.Overall

#Communities Number
com.noOverall<-as.numeric(seg(1:cebOverall$no))
#community size

com.sizeOverall<-as.numeric(cebOverall$csize)

#it### Centrality each communities

##1.in-degree

indeg.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
degree(com.Overall,mode = "in")

)

indeg.Overall<-data.frame(in.degree.Overall=unlist(indeg.Overall),

communities.Overall=rep(seq(length(indeg.Overall)),lengths(indeg.Overall)))



##2.out-degree

outdeg.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
degree(com.Overall,mode = "out")

)

outdeg.Overall<-data.frame(out.degree.Overall=unlist(outdeg.Overall),

communities.Overall=rep(seq(length(outdeg.Overall)),lengths(outdeg.Overall)))

##3.Total-degree

tdeg.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
degree(com.Overall)

)

tdeg.Overall<-data.frame(total.degree.Overall=unlist(tdeg.Overall),

communities.Overall=rep(seq(length(tdeg.Overall)),lengths(tdeg.Overall)))

##4.Closeness Centrality

close.Overall<-sapply(unique(membership(cebOverall), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
closeness(com.Overall)

)

close.Overall<-data.frame(clossness.Overall=unlist(close.Overall),

communities.Overall=rep(seq(length(close.Overall)),lengths(close.Overall))

##5.Betweness Centrality

betwen.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
betweenness(com.Overall)

)

betwen.Overall<-data.frame(betweenness.Overall=unlist(betwen.Overall),

communities.Overall=rep(seqg(length(betwen.Overall)),lengths(betwen.Overall)))

##6.Eigenvector Centrality

eigen.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
evcent(com.Overall)$vector

)

eigen.Overall<-data.frame(eigenvector.Overall=unlist(eigen.Overall),

communities.Overall=rep(seq(length(eigen.Overall)),lengths(eigen.Overall)))
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##7.Authorities

auth.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
authority.score(com.Overall)$Svector

)

auth.Overall<-data.frame(authorities.Overall=unlist(auth.Overall),

communities.Overall=rep(seq(length(auth.Overall)),lengths(auth.Overall)))

##8.Hubs

hub.Overall<-sapply(unique(membership(cebOverall)), function(g) {
com.Overall<-induced.subgraph(netOverall, which(membership(cebOverall)==g))
hub.score(com.Overall)$vector

)

hub.Overall<-data.frame(hubs.Overall=unlist(hub.Overall),

communities.Overall=rep(seqg(length(hub.Overall)),lengths(hub.Overall)))

com.centrality<-data.frame(indeg.Overall, outdeg.Overall, tdeg.Overall, close.Overall, betwen.Overall,
eigen.Overall, auth.Overall, hub.Overall)

head(com.centrality)

des<-describe(com.centrality[,-1])

print(des,digits=6)

write.csv(com.centrality,"Overall-Com.centrality-nodes.csv")

### Relationship Between Co-design Strength and Productivity

##Ralated and Partial Plots

ggplot(dat, aes(x=CoDesign,y=Strength,
color=Productivity.new,size=Productivity.new))+scale_fill_discrete(name="Productivity.new")+
geom_point()+xlab("Degree of Co-design")+

ylab("Strength of Networks")+ggtitle(" ")+theme_bw()+

theme(axis.line = element _line(colour = "black"),

panel.grid.minor = element_blank(),

panel.grid.major = element_blank(),

panel.background = element_blank())+scale_color_gradient(low="#99ebff", high="#000041")+
labs(size="Productivity", colour="Research Productivity")+

scale_x_continuous(limits = c(0, 1))
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##Split Index to Interval of each variable

attach(dat)

dat$CoDesignAC[CoDesign.Overall >= 0.75] <- "High"
dat$CoDesignAC[CoDesign.Overall >= 0.50 & CoDesign.Overall < 0.75] <- "Moderate"
dat$CoDesignAC[CoDesign.Overall < 0.50] <- "Low"

detach(dat)

attach(dat)

dat$StrengthAC[Strength.Overall >= 0.75] <- "High"
datS$StrengthAC[Strength.Overall >= 0.50 & Strength.Overall < 0.75] <- "Moderate"
dat$StrengthAC[Strength.Overall <= 0.50] <- "Low"

detach(dat)

dat$CoDesignAC<-factor(dat$CoDesignAC, levels=c("Low","Moderate","High"))
dat$StrengthAC<-factor(dat$StrengthAC, levels=c("Low","Moderate","High"))
table(dat$StrengthAC,dat$CoDesignAC)

##Ralated and Partial Plots

geplot(dat, aes(x=CoDesign.Overall,y=Strength.Overall,
color=Productivity,size=Size.Overall))+

geom_point()+
scale_shape_manual(values=c(10,19,18,15,8,17,11)}+
scale_color_gradient(low="#99d1ff", high="#000041")+
xlab("Degree of Co-design")+

ylab("Strength of Networks")+ggtitle("")+

labs(size="Network Size", colour="Research Productivity",shape="Structure")+
theme_bw()+theme(axis.line = element _line(colour = "black"),
panel.grid.minor = element_blank(),

panel.border = element_blank(),

panel.background = element_blank())

##Bayesian ANOVA
anovaBF(Prducts~CoDesignAC,dat.heat2,iterations=100000)
compare<-anovaBF(Prducts~CoDesignAC*StrengthAC,
data=dat.heat2,iterations=100000)

summary(compare)

1/compare

##Ralated and Partial Plots
ggplot(dat2, aes(x=CoDesign,y=Strength,
color=Phase,size=Productivity,shape=Phase))+

geom_point(alpha=0.2)+scale_shape_manual(values=c(15,16,17,18))+



scale_color_manual(values=c("#5A2105", "#386CB0","#EF3B2C","#FDB462")+
geom_smooth(method="glm", se=F, fullrange=F)+

xlab("Degree of Co-design")+

ylab("Strength of Networks")+ggtitle(" "}+theme_bw()+

theme(axis.line = element_line(colour = "black"),

panel.grid.minor = element_blank(),

panel.grid.major = element_blank(),

panel.background = element_blank())

geplot(dat2, aes(x=CoDesign,y=Strength,
color=Phase,size=Productivity,shape=Phase))+
geom_point(alpha=0.05)+scale_shape_manual(values=c(15,16,17,18))}+
scale_color_manual(values=c("#5A2105", "#386CB0","#EF3B2C","#FDBA462")+
geom_smooth(method="loess", se=F, fullrange=F)+

xlab("Degree of Co-design")+

ylab("Strength of Networks")+ggtitle(" ")+theme bw(+

theme(axis.line = element _line(colour = "black"),

panel.grid.minor = element_blank(),

panel.grid.major = element_blank(),

panel.background = element_blank())

ggplot(dat2, aes(x=CoDesign,y=Strength,
shape=Structure,color=Productivity,size=NetworkSize))+
geom_point(+

scale_shape manual(values=c(10,19,18,15,8,17,11))+
scale_color_gradient(low="#99d1ff", high="#000041")+
xlab("Degree of Co-design")+

ylab("Strength of Networks")+ggtitle("")+theme bw()+
theme(axis.line = element_line(colour = "black"),
panel.grid.minor = element_blank(),

panel.grid.major = element_blank(),

panel.background = element_blank()+

labs(size="Network Size", colour="Research Productivity", shape="Structure")+

facet_wrap(~Phase)

##plot in-depth network graph (example network88 and 75)
netOverallre[[88]]
set_graph_style(plot_margin=margin(0.05,0.05,0.05,0.05))
set.seed(d)

ggraph(netOverallg,layout="lgl")+

geom_edge_link(aes(colour=Step))+
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geom_edge_link2(aes(colour=Step),

position = "identity",strength=3,
arrow=arrow(angle=30,length=unit(5, pt)),end_cap=circle(2,'mm")+
geom_node_point(size=5,colour="Black",aes(shape=Position))+
geom _node_point(aes(colour=Position,shape=Position,
fill=Position),size=4)+scale_shape_manual(values = (16,18,17,19))+
scale_color_brewer(palette="Set1")+

scale_edge colour_grey()+

theme_facet(O+

geom_node_text(aes(label=name), nudge y = -0.2)

netOverallre[[75]]
set_graph_style(plot_margin=margin(0.05,0.05,0.05,0.05))

set.seed(3)

G2<-ggraph(netOverallg,layout="lgl")+
geom_edge_link2(aes(edge_color=Step),

position = "identity",

arrow=arrow(angle=30,length=unit(5, pt)),end_cap=circle(3,'mm")+
geom_node_point(size=7,colour="Black",aes(shape=Position))+

geom node_point(aes(colour=Position,shape=Position,
fill=Position),size=6)+scale_shape_manual(values = c(16,18,17,19))}+
scale_color_manual(values=c("#E41A1C","#37TEB8","#4DAFAA","#98AEA3")+
scale_edge colour_manual(values=c("#808080","#808080",'#808080",
"#808080","#808080","#808080","#808080","#808080",
"#808080","#808080","#808080","#808080","#808080","#808080","#808080",
"#808080","#808080","#808080"))+
getitle("Network-75")+theme_facet(legend.position ="none")+

geom_node_text(aes(label=name), nudge y = -0.75)
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<?php

namespace Controllers;
use Controllers\BasedController;

class UserMatchingController extends BasedController{

public function findMatch()

{
Sresult = 0;
smsg =";
Sdata = [J;
Scount = 0;

$c = Sthis->checkAlive();
ifisset(Sc["result"]) && Sc['result"] == 1){
$admin_id = isset($c["id"]) ? $c['id"] : O;

m

$admin_user = isset(Sc["user']) ? $cl'user'] : "";

'

Suser_level = isset(Sc["level']) ? Sc["level'] : 7

$admin_privilege = isset(Sc["privilege"]) ? Sc["privilege"] : 0;

$code = $this->getinput('code);

//check if user has been done with survey
$f = Sthis->getDB('survey results as r')
->join('survey requests as rq, r.id', 'rg.result_id")
->join('survey_groups as ¢, r.group_id'", '=', 'g.id")
->join($this->table_prefix . 'administrator as ¢!, r.customer id', '=, 'c.id)
->select(r.id', 'g.id as group _id', 'r.score_logic')
->where("rg.code", Scode)
->where(r.customer_id', $admin_id)
->where('g.status', 1)

->first();

if($FY
//get result
$sgroup = $f->group_id;
Sr_id = $f->id;

v
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$score logic = $f->score_logic;

switch($score_logic)
case 1:
Scount = $this->matchLogicl($sgroup, $r_id, Sadmin_id);
break;
default:

Scount = $this->matchLogicO($sgroup, $r_id, Sadmin_id);

}

Sresult = 1;
telse{

Sresult = 2;

$msg = "Can't find your result on this survey";
}
}else {

Sresult = Sc['result'];

if (Smsg ==") {
$msg = parent::getMsgTxt(Sresult);

return response()->json([
"result"=>Sresult,
"msg"=>$msg,
"data"=>S$data,
"count"=>$count

1, 200);

public function matchLogicO($sgroup, $r_id, $admin_id){

$count = 0;

Sresults_host = [J;

$d = Sthis->getDB('survey results_detail)
->select(‘question_id', ‘answer_id")
->where('group_id', $sgroup)
->where(result_id', $r_id)

->get();
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if(SdX
foreach($d as Srow){
if(lisset(Sresults_host[Srow->question_id])){
Sresults_host[Srow->question_id] = [J;
}

Sresults_host[$row->question_id][] = Srow->answer_id;

//clear previously matched

Sthis->getDB('user_matched')
->where('user_id', $admin_id)
->where('survey group _id', $sgroup)

->delete();

$f = Sthis->getDB(Sthis->table_prefix . ‘administrator as c')
->select('c.graduate_ LV, 'c.position’, 'c.academic_ LV, 'c.work group!, 'c.work_level))
->where('c.id', $admin_id)

>first();

if($H(
$r_graduate_lv = $f->graduate_lv;
$r_position = $f->position;
$r_academic_lv = $f->academic_lv;
$r_work_group = $f->work _group;

Sr_work_level = $f->work_level;

//find other users with survey
Srs = $this->getDB('survey_results as r')
->join('survey requests as rqg/, r.id', rg.result_id')
->join('survey _groups as ¢', r.group_id', '=, 'g.id")
->join(Sthis->table_prefix . 'administrator as ¢, 'r.customer_id', '=', 'c.id))
->select(r.id', 'r.customer_id', 'graduate_lV', 'position’, ‘academic_lV', ‘'work_group', ‘work_level)
->whereRaw("r.group_id='$sgroup™)
->where(r.customer_id', '<>', $admin_id)
->where('g.status', 1)
->where(r.score_logic', 0)

->get();

if(Srs){
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foreach(Srs as $tmp_row){
Stmp_r_id = Stmp_row->id;
$tmp_r_cid = $Stmp_row->customer _id;
$tmp_r_graduate_lv = $Stmp_row->graduate_lv;
$tmp_r_position = $tmp_row->position;
$tmp_r_academic_lv = $tmp_row->academic_lv,
Stmp_r_work_group = $tmp_row->work_group;

Stmp_r work_level = $tmp_row->work_level;

Stmp_results = [J;

$d = $this->getDB('survey results detail’)
->select('question_id', 'answer _id')
->where('group_id', $sgroup)
->where(result_id', Stmp_r id)

->get();

if(SdX
foreach($d as $d_row)
if(lisset(Stmp_results[$d_row->question_id])X
Stmp_results[$d_row->question id] = [J;
}

Stmp_results[$d_row->question_id][] = $d_row->answer_id;

//match the response
Stotal_matching = 0;
Stotal_matched = 0;

foreach($results_host as $qgid=>%a_arr){
iflisset(Stmp_results[Sqid]))
Sb_arr = $tmp_results[$qid];

foreach($a_arr as Said){
foreach(Sb_arr as $bid){
if(Said == SbidX

Stotal_matched++;
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Stotal_matching++;

Stotal_matching++;

if(Sr_graduate_lv == $tmp r_graduate_lv){
Stotal_matched++;
}

Stotal_matching++;

if(Sr_position == $tmp_r_position){
Stotal_matched++;
}

Stotal_matching++;

if($r_academic_lv == $tmp_r_academic_[v){
Stotal_matched++;

}

Stotal_matching++;

if(Sr_work_group == $tmp_r_work_group){
Stotal_matched++;
}

Stotal_matching++;

if(5r_work_level == $tmp r work_level){
Stotal_matched++;

}

Stotal_matching++;

Smatch_pc = number_format($total_matched / Stotal_matching, 2);

$Sthis->getDB(user_matched)
->insert([
'user_id' => $admin _id,
'survey group_id' => $sgroup,
'created_at' => date('Y-m-d H:i:s'),
'total_matching' => $total_matching,

'matched' => $total_matched,
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'matched _user id' => $tmp r cid,
'match_pc' => $match_pc,
result_id' => $r_id

2

Scount++;

return Scount;

public function matchLogicl($sgroup, $r_id, $admin_id){

Scount = 0;
Sresults_gtns = [J;

$d = Sthis->getDB('survey results detail’)
->select('question_id', 'answer_id', 'score’)
->where('group_id', $sgroup)
->where(result_id!, $r_id)

->get();

if(SdX
foreach($d as $row)
$qid = Srow->question_id;
$ans_id = Srow->answer id;

Sscore = Srow->score;

if(lisset(Sresults_qgtns[$qid])X
Sresults_gtns[$qid] = [J;

}

Sresults_gtns[$qid][] = $score;

Sresults_host = [J;

Sp = Sthis->getDB('survey groups_questions')

->select('question_id")
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->where('group _id', $sgroup)
->orderBy('sort_order)

->get();

if(Sp)
foreach($p as Srow)

Sresults_host[] = Srow->question_id;

//clear previously matched

Sthis->getDB('user_matched')
->where('user_id', $admin_id)
->where('survey group _id', $sgroup)

->delete();

$f = Sthis->getDB(Sthis->table_prefix . ‘administrator as c')
->select('c.graduate_ LV, 'c.position’, 'c.academic_ LV, 'c.work group!, 'c.work_level))
->where('c.id', $admin_id)

>first();

if($H(
$r_graduate_lv = $f->graduate_lv;
$r_position = $f->position;
$r_academic_lv = $f->academic_lv;
$r_work_group = $f->work _group;

Sr_work_level = $f->work_level;

//find other users with survey
Srs = $this->getDB('survey_results as r')
->join('survey requests as rqg/, r.id', rg.result_id')
->join('survey _groups as ¢', r.group_id', '=, 'g.id")
->join(Sthis->table_prefix . 'administrator as c', 'r.customer_id', '=', 'c.id’)
->select(r.id', 'r.customer_id', 'graduate_lV', 'position’, ‘academic_lV', ‘'work_group', ‘work_level)
->where('r.group_id', $sgroup)
->where(r.customer_id', '<>', $admin_id)
->where('g.status', 1)
->where(r.score_logic!, 1)

->get();

if(Srs){
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foreach(Srs as $tmp_row){
Stmp_r_id = Stmp_row->id;
$tmp_r_cid = $Stmp_row->customer _id;
$tmp_r_graduate_lv = $Stmp_row->graduate_lv;
$tmp_r_position = $tmp_row->position;
$tmp_r_academic_lv = $tmp_row->academic_lv,
Stmp_r_work_group = $tmp_row->work_group;

Stmp_r work_level = $tmp_row->work_level;

Stmp_results = [J;

$d = $this->getDB('survey results detail’)
->select('question_id, 'answer_id', 'score’)
->where('group_id', $sgroup)
->where(result_id', Stmp_r id)

->get();

if(SdX
foreach($d as $d_row)
$qgid = $d_row->question_id;
Said = $d_row->answer id;

Sascore = $d_row->score;

if(lisset(Stmp_results[SqidX
Stmp_results[$qid] = [J;

}

Stmp_results[$qid]] = $ascore;

//match the response
$total_matching = 0;
$total_matched = 0;

Smatch_score = 0;
iflcount($results_host) == 18){
for($a = 0; $a < count(Sresults_host); $a++){

$this_score = 0;

$qid = $Sresults_host[$al;
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if(isset(Sresults_qtns[$qid]) && isset(Stmp_results[$qidD)
$ansl = $results_qtns[$qid];
$ans2 = $tmp_results[$qid];

switch($a){
case 0: //1.1
$this_score = $this->algl($ans1, $ans2) ? 1 : 2;
Stotal_matching += 2,
break;
case 1: /1.2
case 3: //1.4
Sthis_score = $this->algl($ansl, $ans2) ? 2 : 0;
$total_matching += 2;
break;
case 2: //1.3
$s_arr = Sthis->alg3($ansi, $ans2);
Sthis_score = $s_arr[0];
$total_matching += $s_arr{1];
break;
case 4: //1.5
$s_arr = Sthis->algd(Sans1, $ans2);
$this_score = $s_ar{0];
Stotal_matching += $s_arr(1];
break;
case 5: //1.6
$qid7 = $results_host[7];
$ans2 = $tmp_results[$qid7];
Sthis_score = Sthis->algl(Sans1, $ans2) ? 2 : 0;
Stotal_matching += 2,
break;
case 6: //1.7
$qid8 = $results_host[8];
$ans2 = $tmp_results[$qid8];
$this_score = S$this->algl($ansl, $ans2) ? 2 : 0;
Stotal_matching += 2,
break;
case 7://2.1
$qid5 = Sresults_host[5];
$ans2 = $tmp_results[$qid5];
$this_score = $this->algl($ans1, $ans2) ? 3 : 0;

Stotal_matching += 3;
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break;

case 8://2.2
$qid6 = Sresults_host[6];
$ans2 = $tmp_results[$qid6];
Sthis_score = $this->algl(Sansl, $ans2) ? 3 : 0;
Stotal_matching += 3;
break;

case 9: //2.3
$s_arr = Sthis->alg2(Sans1, $ans2);
$this_score = $s_arr(0];
Stotal_matching += $s_arr[1];

break;

Smatch_score += S$this_score;

Stotal_matching++;

Stotal_matched = $Smatch_score;

Smatch_pc = number_format($total _matched / $total _matching, 2);

Sthis->getDB(user _matched’)

->insert([
'user_id' => $admin_id,
'survey _group_id' => $sgroup,
'created_at' => date('Y-m-d H:i:s'),
'total_matching' => $total_matching,
'matched' => $total_matched,
'matched_user_id' => $tmp r_cid,
'match_pc' => $match_pc,
result_id' => $r id

D

Scount++;
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return Scount;

/9 1.1,1.2,1.8,1.6,1.7,2.1,22
//same answer or else
private function alg1($al, $a2X
foreach($al as Sans1){
foreach($a2 as $ans2){
if(Sansl == $ans2){

return true;

}

return false;

/T8 2.3

//same answer +1

private function alg2($al, $a2X
$score = 0;

Stotal = 0;

foreach($al as $ans1){
foreach($a2 as $ans2){
if(Sansl == $ans2)
$score++;

}

Stotal++;

return [Sscore, Stotal];

/%8 1.3
private function alg3($al, $a2X
$score = 0;

Stotal = 0;

foreach($al as Sans1){
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foreach($a2 as $ans2){
switch(Sans1){
case 1:
if(Sans2 == 1){
$score += 2
lelseif(Sans2 == 2){
$score += 1;
Jelse{
//0
}
break;
case 2:
if(éans2 == 1 || Sans2 == 3}
$score += 1;
Jelseif(Sans2 == 2){
$score += 2;
Jelse{
//0
}
break;
case 3:
if(Sans2 == 3){
$score += 2;
Jelseif($ans2 == 2 || $ans2 == 4){
$score += 1;
Jelse{
//0
}
break;
case 4:
if(Sans2 == 4){
$score += 2;

lelseif(Sans2 == 3)

$score += 1;
Jelse{
//0
}
break;
}
Stotal += 2;
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return [Sscore, Stotal];

/%8 1.5
private function algd($al, $a2)
$score = 0;

Stotal = 0;

foreach($al as $ans1){
foreach($a2 as $ans2){
switch($ans1){
case 0:
if(Sans2 == 1 || $ans2 == 2){
$score += 2;
Jelseif(Sans2 == 3 || Sans2 == 4){
$score += 3;
Jelse{
$score += 1;
}
break;
case 1:
if(Sans2 == 0 || $ans2 == 2 || $ans2 == 3)
$score += 2
lelseif(Sans2 == 4}
$score += 3;
Jelse{
$score += 1;
}
break;
case 2:

if(Sans2 == 2){

Sscore += 1;
Jelse{
Sscore += 2;
}
break;
case 3:
if(5ans2 == 0}

Sscore += 3;



Jelseif(Sans2 == 1 || $ans2 == 2 || $ans2 == 4}
Sscore += 2;

Jelse{
$score += 1;

}

break;

case 4:

if(Sans2 == 0 || $ans2 == 1){

$score += 3;

Jelseif($ans2 == 2 || $ans2 == 3){

Sscore += 2
Jelse{
$score += 1;
}
break;
}
Stotal += 3;

return [Sscore, Stotal];
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