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Systematic Literature Review and Meta-Analysis
of Key Features in Educational Robotics
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Abstract

This article aims to synthesize literatures in Educational Robotics and presents key features
of systematic literature review and structured meta-analysis of the literature. Population consists of
247 papers from 10 databases, ranging from 1996 to 2012. Results show that common problems
in Educational Robotics are high cost of tools, license, and differences instudents’ background
knowledge. Trends of existing researches focus on development of software and low cost robot training
package in order to promote students’ practice in problem-solving skills and teamwork in experience-
based learning to enhance self-motivation and experience with real world applications. It was also
found from the synthesis that qualitative-based evaluation of tool and learning achievement process

was rare, even though it is a key factor that indicates quality of learning process.

AR Ingnmsvueud JumnnsiBeul sduoumsdeus Bmriana msleuiandssaunisal
Keywords : Robotics, Learning Difficulties, Learning Model, Assessment Method, Experiential

Learning

* fanusyszamnulyswdlgaiannsedng numchokekmutnb@gmail.com vis. 08 3137 8607



P ..: - -
1~2&_ 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

1. unth

ngnnafususiuiaari Ifsumwaula
991N wanpaa AN ldhneRnyusus
unlFapuluieeidsufusniuauuieadad
FanuigTusuiinlfiSouin Tdaau
luamlaldvne” “Iapussnls” “wnnlduas
azldnadiiizeln” “lFlaruseavsuizoula”
“tinlaispugaelnanyugus” “avasy
wgdanssunsornse A dududaludu
Inthe” “Wugusdauyiwasuseiunala
pgvls” “TguppmsiSeumssousgvls”
win “mslEususiuduiiyunaiedem
(Fashion) nNA3Anw g Wudu

Jeffrey (2003) a5d1 mstwjugusian
T undoefionisisuuiiinnuunnaneiy
JURDDNIADURDLRNTIng dauaztIIEny
pgmiFulsuu sz ususdTiaIus e
asrasudazaunisalaine q TWiuiSeu
fidaugunszguldisaunninanniann
wangnan1sfine adreussqelansnisaug
Twinenenans melulauazaddmnsy goulk
H30ulinnufnaseassd Inansdannuas
TlAupd1daya TnaseRmuIn1svesiniu
PNUTNYENNRIAN AN TYINUITINAY
4By aussanusasnstunisisauildnye
aeluflideunsadnady (No Fashion) u
HaymimupasnsldinenmsvusudluiuEoy
Ao e ldargpnsgunsaluazsensnag
figauaziidvansglddodinnuiludumein
ANIAILANVUIUE AADAAUAIINTUATADNY
inlapgedndeesagianuingnsiusus

Tusunisldsunsunionisdnfianssuliiiin

uu

Fabiane (2012) wu31 fim3sldvusus
TumsiFsunsasudviden A doedy
WUBUG WU N3lUIunIuuBUd 1ATeasne
wipsruukuAAIMIBlind Ananon1siTaug
TngasmesEuulvimadamans Ingrmans
Laz3AINTIN Hadugnin1ens3ausylu
naiffndgUuuuMsSeuiy gapdaasy
anuaulasazauAnassaTIR AU oy

U
1%

Afigvuuunssausiuansneiuled 6379
Uszaunisalasefinarnnanalidud s
ANUNTONAIUNNABIATIUIUNITARN AN
AsuAdmidussuy wazinwenedeny
Fadunsdeansiuaudusazinausudy

faule Wulumuiuifnuaunindn (Papert)

U

o o

Tnnguinsfnunii@e313nennnsyusus
fidaugaelfiaanissvuiuaziundodis
dwiuihAanssuluduEuuldidussd

Uszlepindadadinuiesznsfina
andesiutl ilidsaulafendunudnwas
AT AN IRUE U3y
F9AINIINUNIUITIUNIINAUINGINNT
wususitonsfnuageuszuy (Systematic
Reviews) kaz3iAsneadinu (Meta-Analysis)
masAnNuiteUszlasdion st gyuoy
LaZABNNILSBUNIIADUINY NI UL U LTTD
mafnwstall

1.1 danus:zavAmudda

1. Wiafnwuideeg1aiussuuway
AR ANNUITIUNTTUNWINGIMNTHULUA



RMUTP Research Journal, Vol. 8, No. 1, March 2014 %

2. WindamazinudnyusiidAydiu
JUUUUKAZIENIFBUANTERUINNAN T UL
oM

2. 3smsdnN

JAdelAfnmeAde iyt uuy
FingnmIdeludnsazmImumuIIanIsy
agnaduszuy wardnszadnnuiiian
Tduszgnaldiauidemesuingmsvusus
Wiansfnm

anansRamludeefulfsaAauide
NemWInEINsuBus v In3daliihnms
AnwuazimungUuuunsiseunsaoy oy
TFAnsmavususdluduiFouinndiu weid
TdnueuAdefld35inenideBenanng
A3y UIT UL LAY IATIEBAN UL
fuvyuauangn Keiisine1ns3deis
anuaAgageddumahiinideigunm
WnTu Fumsun1diun1Tideadeil
4 Humeu Ao

Tuil 1 ANBIRAZNUNIUITIUNTIN
Tnarnuaunssdayaiifoansduduy angu

> al

Foyafiadoaiuingusrasivaenuideil

Juf 2 Senzduazdangudayala

ARLRDNAIT R LA ILULENNFUTDYA &7

U q

Uszifiufiigndas

il 3 Fuanzideyafildanissansw
wiazay

Uil 4 ATUNAVBIMINUMILITIAUNTIY
wazasARNIlFaINNsAnEN e MEZAIN
Tumsiudu (Facilitate) wasimiu1 (Improve
the Implement) JUUVUATEDUINYING
Hugugianfnludfossly

2.1 AnvIa=NUNIUISSIUNSSI

myReluassildvihnmafuronudeya
fidunuansuzesmIBaumIsewingIns
wupus lagtuiinaslunuuiuiindayaids
AMANBEY

Uazannslum¥ide A wiasdoyaangiu
Toyadiannsaind nenuMTIAYIneinus
alfLfuLAZUNARL BRI A.A. 1996-2012
w247 Besiifgadesivanemsiuaud
\Wonsfne

D]

agudageiilsluuaded 1953
JUADE1UUDIANTANAINTIYIUATINY
mgndnusaduiiuwazunfng ooy luau
ToyauuinietneBumeiiin aausi a6, 1996-
2012 Sy 17 Basiiinaszydsznuludu
WomanszwasniAdesuusudiiiensfinm
szdauismaidesesdionmatiuuiuasisms
TnaESyupgeRRY 1w Msuansdamues
N1938UNTTABY JURDUNITIREUNNIEDY
ANTIRAANTTUNTIUFTUATNTTARAE L TEU
TuduFou udu wanedmsnedi 1



@ saSIIMsIadd uns.ws:uas Ui 8 aduil 1 Ay 2557

as1efl 1 Mudoyadidudu

Tudoya* T A dszns | ngudede
ACM 1999-2012 17 2
EBSCOhost 2004-2011 13 2
ASEE / IEEE 2000-2012 125 2
ProQuest 2003-2012 22 2
ScienceDirect 2001-2012 16 2
SpringerLink 1997-2012 20 2
ThailList 1996-2009 14 1%
Wiley 2009-2010 2 1
WASET 2005-2011 3 1
Article online 2000-2012 15 2

T 247 17

nnawme:* JuAuain 10 3udoya
** \Rannguiipgneatn ThaiList fdusu
Fumesnumsinm iesanaulng

Wunsiemeianasy

2.2 JipsrHna=dandu

{A3vua3UUsviauunazdnng ueuidy
fiyhasnunau Sy 247 3a9 laguteoen
Ju 4 nqa Usznavsiy

- WTEANNIULULNNSISBUNNTEDU
fiunanenuaud wazdediiiunisdang
(Simulation) fihanldluBuEeu

- OWIRMUNIETA L aRE BRI
aNg s ia AN AN IYINULaTNg FinTH
AFYINNUVBIUEUG

- uAdEiivaueAE RTINS
FAINITUNUBUS NN ITUNNY WaZIUY
naInNTIN %IDLUUTANTIUNINIIANN

v &

fladedusnifieSauingdnasy

- AfEinnsdIanuAa L
AN ANTINNNTSUTVRINYBY LaTANT

AANfiLAY NNINUNIWITIUNTINT IR TR
AU upus wazeuiIdeiinnisnuniu
ranTsNifsnulysunsudasuuunT#in
Wudu

anguil 1 wudn Sowaz 55.46 voanaw
Uszpns [AlFvugusuazdotszinuuudians
(Robot Simulation) uNYI8aTUEYY
AUAUINITVRIR LT HULNANIIA T UTRIUN
nzraniLITaE9RE DN ANTINDD
yiugudwiii

wananLY FanuBEnin Sosaz 15.78 189
NUATINeRUAAINTINAzIduin1sase
winnssulud 9 1By MIRRILNTIedU (End-effect)

Survey [ 5.26

Innovation [ ] 15.78
2 i
=

Software | 2348
Edu. Robot
0 20 40 60 80 100
Jouay

U 1 Suunnguawddbann 247 Bos

20 - Edu. Robot

166 4 seevesss Software

12 4 i
2 - = = |nnovation
-]
a Y

o . ~ Vs

0 - -, o <.
T L ™01 T T T T 1 T T T T T T 1
O [=] [=] o - 0 a o o~
o (= (=] (= (=] Q (= - -t
o (=, (=] [=] (=] (=) (=) o o
— - o~ o~ o~ o~ o~ o~ o~

U AA.

o))
e
o
N
o
=

U7 2 wnunfuansuuslduonenis

WAIUBUR 247 39



RMUTP Research Journal, Vol. 8, No. 1, March 2014

maseueusineuiiugUuuusne o Wefnm
mMandeuivewusus Wisairuilefinaysy
AMIHARFIYUEUA (Surgery) WumU ey
Adurssanansdnsadu fifueiosay 5.26
Fadun1sfnuIngfinsInupaLfinfiLAy
nsensrarfiavesranswiiiidunundiane
s Fawunlduaesnddeingnisvusus
nedunIFnE wodn Insunsueusunls
TumsBsunsaeuiuinndy uanedsguil 2

woufinedou] s se
Wauinuzg Gy .:_:; %8
Hand-on, Uszaunisni .:p_- Az

vinnrsariurd "i: 3745

vaaenfusuieds, dnnnzuslon 7o

ArdrAny

4 o .
yARnvaietumanifm

mninfgan

Wygwignh I e

nMiRNe

0 20 a0 60 80 100
Souns

° al

U 3 iUy lueidy 247 Ges

anguil 3 wansdpAunuaInnIFnL
WAy 247 1309 WU Sezay 36.84 T3
UszenaldmauiinsBuuslugUuuusing q wu
madpusuudszaunmsalidugiu msdeud
woufrndusiw WJudu Sosaz 31.98
sosmauli Spudnauinisuazineed
fedszand wu msvihausmduduiin inws
maunadym Judu Sewaz 34.82 faens
Tﬁ@’ﬁsﬂﬁmﬁaﬂﬁﬂ’ﬁ (Learning by Doing)
WeldAnyUszaun1sal n19f U uBus g
spnRdIAULIIAANSINTSuTIaYIRnaT
waziiERe (Vygotsky and Plaget) Auide
YogRDRY FB (John Dewey) WWIAAAINNLED

V8489 4BA (John Locke) kaznaugnIEeu;

o

\Baseaunisal (Experiential Learning) 284
Tady (Kolb) FauiuliSauasennuiiuain
MU IAULeS

upnaniu Sanudadn Sansnanadienns
TFvusudgaannnssulunmeass aaspay
MITALATUTZIIUNARIANINNANTISHUDDY
A3sudugeiidosinn wnzdalddinnmsiana
Wudeddguaziduadaedialunsinany

(7

ANIRUN VDR S BU

U

3. wamsfinvia=anus1Eiwa

HATILAaNNNIINLNIUITIUNTINDENGT
seovil anansadaenzideya wwnauanse
waztsziauiingadeeiuanginsusudiie
marnle 4 vadie Ao 1) JemapsnsiEau
MIFRUINYININULUA 2) TRQUITaeATDY
AT mususinldluduEey 3) suuoy
ANISPUBAZTINEIUNIUT A way 4) N9
TanansSeug Usznausiy

3.1 UrymmsiSaumsdau

Jum129en1958U3INE NI UL UG
wiialddu 3 shu Ao 1) susueud 2) fu
Fmawazmaianislden waz 3) sugldau
waneAeUR 4

N 4 Jgmitnudaulng fe 510
PBIENIAWIT WATTON S WIS U R TIazN
T8 3euasmanazinediansldanurusus S
533UBAVDININM T U UATuTiANLN
WaIANURAMAAIYDIAIAATHNN 9 LYY
Tnifh Bidnnselind w3eena wazreuaiaes
dudu dlddeioedionuiluduedamans



@ NsasIsIMsiaddd uns.ws:ups Ui 8 aduil 1 Gnay 2557

wazAFanTIINasaNAluNIS U N AnIIN e
Yueud (evinwri/eeniuad) L ————

RISV T RS PR g TR Kot g RHIL g Y

nsgaine
Tt

/ 3
o v o s ¥ Sl [ \ sl
Fudaudndudedddiusudniinnuanusalu [ i
e D e o & - . [ A8nmuazmedanisliu Tnusn/dudou
ﬂqiLﬂaﬂ‘HVﬂ,ﬂﬂﬂq\‘iﬂa@\‘iﬂ? PNUE AINUNTTUN )Ill (Birwai/senAud) / Sunsw/pradnyideny
. 3 o o Y 9o [Py Uy e R
Augusanldludeedou SfSoulifiineeuas — \_mfiudoncty
¥ ol - - , Aleliivinwemauiiigu
‘W‘Hﬁ'\‘UF’TﬂqﬂJE‘WLWENWB@'TQL?T@?I?"I@JLaiﬁ/ﬂﬁ]m@ \|I T TTT—
1 < v Y al 4 o o b |II # : I — ik
HuguwazifSoueald aszaguansl \ @b )/ Qeostmongseounnd
P \‘-\-\ Fugrunrudussinue i dadunisiia
Tupseit 2 \\ T

Y AESuRIMILAE N ITEMN I

3Uf 4 dszifuifunolududamveesnsisy
MM IRULUG

aaedl 2 agdanszadgluduiigrmmaBGeningmsusudiliainnguysesnns

fu flymn
Yuzud - 1A Wazavan3 (Poolsak Koseeyaporn, 2003)
(GREITPRIEE - BALAZIIUNIRARTILT G (G. Lépez-Nicolds, 2009)
Famsiuag) - M31393A1 (Tim L. Dunn, 2003)

- magafendsnuininuasnsldalunsgSudysgenusuuily U5 Asdnws, 2008)

Bnaay - ANLEeeduRINE (Veliko Potkonjak, 2010)

weia - mIudlinFindaneasuléiunn (Lady Daiana O. Maia, 2009)

sl - MsmuRufidudeuazanusnunsalunsievenmsiaueesansuy (M. Samaka, 2006)
(asauas - ANUEMEAINNNIMAARY (Tim L. Dunn, 2003)

WATTONGLIT) - ANugARBNIIENY (Ho-Sik Roh, 2004)

Al - Anudlauazdamsilymbile (Randall D. Beer, 1999)

- liimsefUaA M UA3S (Abraham Howell, 2006)

- liifiAanssufidassudszaunsalinzlildasiion (Stephen H. Whitehead, 2010)

- lsifirnuoanu SURATOU (Randall D. Beer, 1999)

- laifivinwzenumddsunsuuazadinnansftiuadas (Amanda Oddie, 2010)

- LiftussaelalumsBoug wazenssnavhaaadila (Kenneth Berry, 2005)

- vhewsanuBulile (Randall D. Beer, 1999)

- fugugFeulsiviniy (Mustafa Cakir, 2007)

- Aupunmsldifennsiomsupafiuiususssuuazbidnlafiennuduiusussnisnaoudl (C.G. Rajeeviochana, 2011)
- faadnlassuufiAnnismAaud (Baki Koyuncu, 2007)

- MR SINNULazNs AUV Ul Tisensaiugn (oan Doroftei, 2010)
- AAUFANEAILAZNNTIATIZI (Jamshed Igbal, 2012)

- ’umMsAnausHaut U wasiUszaun1sal (Tim L. Dunn, 2003)

- Brungufunndnsuus (Tim L. Dunn, 2003)

el

- gnaM3BguNTaTR (Carlos A. Jara, 2011)

AR5 2 WUIN BT ALIT LA Unn1sfnwAeladinnndduiiaudladym
sonswIsresuBus Bmanazinalianiald  nasug eefdmanuwasingusaedd
naonauiineeaniveedld uilgwves wAnFANeAY

o

A3BPUNNTABUAININIVUEUA UATIBLAS



RMUTP Research Journal, Vol. 8, No. 1, March 2014 @

3.2 junus:avAmsddavovngucoatn

\loes 313U INEIN IR U Ly

1
L) P

suissu Iymuazdodinsslananssndnediu
s uazdnnsinuFemisnnsudladie

T35 pusaneIn1susudfiuszansan

a 3

sandaliSoufinnudnla fuszaunsallu
msmuRNrusud Felangnnudnaswndoy
fina  AlnARsaiUNUasIleNNge Wy Ly
MNapssednaaumsalanans lavanszdday

fildanngusnegneduau 17 Fes femsi 3

a3edl 3 aqanszddnluiuinglszasdesnideildannnguiiogis

(warind lnBnnsal)

NENFAIDENY f.A. TnquszaeAunenuidy
wauma uaaUselnging 1996 | afeuazmdszdndanganisaey aManguiuacUfon AuunAnssrauySuanianainn
w3nena Wimnsmoauvusudaasmn oy
Abhijit Nagchaudhuri 2002 | WawungUuuunsiseuidmivinfnsuauaainsedndfi U uuunisiseuiuuuyszaunisal
(Experiential Learning” Cycle)
Franklyn Turbak 2002 | mildvuaudiduiriadelunsdouiuazaiaadunszaumaalsing q fMemeinadiSagl
P. Koseeyaporn 2003 | Wansendwsuuuaniinaiiouaseludnuaranufifiuuy Open Source

Christopher Kitts 2004 | adwenududusaznszduanusulaliiuindng Welfwdyiuszaumsalasdumarieu

Tlah R. Nourbakhsh 2005 | Anwndaudszneunaln Buinnsefind dWedeuingfinsauiusud mIwieuiivaznisniunu
szpzlng napnauBENAWYS

M. Samaka 2005 | nwgenduasilddmiudasensieusesfugusuuy Off-line Robot Tédldanunsa

fufsuius (GUD Aulusunsuld

EijaKrn-Lin 2006 | swARwildiusudanlslunszuiunsBauieatayunisFeuiuazenudosnnsiluansing
vosyana Winliiusensuasuwaswasmelulad

Karen E. Bledsoe 2007 | Mgenjuenst daeedunsnnudsis q WiAadusensasdier

Mustafa Cakir 2007 ﬁmmiuﬁLauaLﬂ‘%aﬂﬁamwmiﬁﬂmﬁwiwmmivjuaucﬁ (Educational Tool for Robotics)
Tusnwasgerdnasnaiinfioandldang

G. Lépez-Nicolds, 2009 | unarwidiauegduunfanssufidaasulddSouiivszaunsailunisiifanssusiae 9
waznsluundaneumdosdinlumsBauuazainenu (Project-based)

Gianluca Antonelli 2009 | Wamnsansduafdmnsuldlunsfnsndu Robotics, Computer Sciences, Non-linear Control,
Behavioral and Cognitive Science

Amanda Oddie 2010 | dnauensBeudduaues Andnwzmisudladam adeenuiaindsndon Sauisoudu

BUUNILENZ 6NN (Exploration)

T. J. Mateo Sanguino

uuy Serial Robotic Arms 18 GUI gaglifdnlauas SaujiEaednlads

2010 | fimwnedesiiodnassuuy Winfegannuaulanazldfunisaunisaeuaaumanivosusud

Carlos A. Jara

Tnalugislasens RobUAlab

2011 | madpusfemsidasien Uidhauiadszaunisaliunisnaassafiouadeuasmunussys

Uvais Qidwai

TudAneneand Warinszudtumenedinisnzuazmvitausiudu

2011 | MjususdduedesdiolumaGuuiiuingmans adamans uazirnssuifioairennuaula

Jamshed Igbal

>4 o

rnafiullfesnisauau

2012 | Wnuuuapsaaumanszesiusus 6 DOF wasinysiiuguseuwansiney Wsldfnm




o

saSIIMsIadd uns.ws:uas Ui 8 aduil 1 Ay 2557

asedl 4 aqtanszadnlusmunaul/UuuumsiBsuiuasiinuzifens

naud/sUuupianssu

finwe/ngRnssudufielszaed

- Constructivist (Amanda Oddie, 2010)
- Constructionism (Matthew W. Berland, 2008)
- Experiential Learning (G. L()pez-Nicolé.s,, 2009)

- Problem based (Eli Michael Silk, 2011)

- Blended-learning method (Carlos A. Jara, 2011)

- Learning by doing (Kenneth Berry, 2005)

- Learning form mistake (Trial and error) (Marian Petre, 2004)

- Discovery learning, team based learning (Liesl Hotaling, 2007)

- Task-based learning & project-based learning (Karen E. Bledsoe, 2007)

- Open-ended problem solving
(Ann-Marie Vollstedt, 2005)
- Decision-making (M. Samaka, 2005)
- Social and team (Abhijit Nagchaudhuri, 2002)
- Cognitive (Lady Daiana O. Maia, 2009)
- Solving problems (Amanda Oddie, 2010)
- Collaborate (Eija Kdmé-Lin, 2006)

A91ef 5 aqUanszandgludulom wiesdlo wazfansaudildanngulszsns

Ay aszdfgzesnuidiuinenmsiueudiiensinenlussiugaufinm

- szuuwaning (Uvais Qidwai, 2011)

- MINaRNNTERNUUS (Uvais Qidwai, 2011)

Lﬁ’a’ﬁ’] < P
- AAUANEATATNAAEAS (Yan-Shen Wang, 2011)

- Bidamsefinduaslnin (Karen E. Bledsoe, 2007)

- ANYINMIADUT WAZANINAIUIDANDISU (Amanda Oddie, 2010)

- MIFIMLAZANTIUTUATILE UG AdRuaznnseaeufl (Bors Kerkez, 2008)

- Modeling, design, simulation, control, optimization & performance evaluation (Jenelle A. Piepmeier, 2003)

- Angneand wmalulad Frnssy uwasadinenans (Eli Michael Silk, 2011)

- Teleoperation (Christopher Kitts, 2004)
- Boe-Bot®Robots Kits (Uvais Qidwai, 2011)

wIneiln - Lego and more (Eli Michael Silk, 2011)

- Robotics toolbox for MatLab (Mustafa Cakir, 2007)

- Software simulation and multimedia (Yan-Shen Wang, 2011)

- ﬂaumuaz@wa‘lugﬂﬂ‘nﬂﬂ (Mustafa Cakir, 2007)
fAan3sy

- dnAawndauuuy discovery (Christopher Kitts, 2004)
- Hand-on, dszaumsaiainnsufof msvinadudia (Uvais Qidwai, 2011)

- MIaY w2ty Seudiunuidunguidn (Amanda Oddie, 2010)

- PONUUUUAZATIUEUAGIENTITA (G. Lopez-Nicolds, 2009)

- mﬂﬂiLmim’mﬁumiﬁﬂuﬂmaa%wvjuﬂuﬁi (Lady Daiana O. Maia, 2009)

- giJLLLlum‘sﬁiJui 4Cs (A Connect, Construct, Contemplate, and Continue) (Ann-Marie Vollstedt, 2005)

anmaeil 3 wudn nsthrugusiinls
TumsBaumaasu Tingussasdiioasngnss
qelaliSuuanunsndnssrhanuswiugdu
AUDIANNUANANNINANTISHUFVBNUAAZUARR
Andinwensudladiymuazasrsszaunsal
flnaAsefunsmivguuaus Seldweun
sondwITaransuuy eldiiundacdely

nMaspunsasuiifSuuaunsadujauius

Towaseivlsunsy dunanginssunazisous
AMIAUANYULUA

3.3 sunuumsaounairy

suwvppDsfanssuildiuaudidudons
SpunsapusazinuesuReyszad ifaTu



RMUTP Research Journal, Vol. 8, No. 1, March 2014 1‘*

AugSunanlilumaned 4 wudn maseu
AN3EOUINYINI IR ULUS d AN IE N B
maBousdadulidSoussenmuifenuies
NMInT Bpudanuszaunmsaivasdym
M3asiinaDIgRAUAnANLTUAUALLDILAS
woumnenuliilassnusulusuinuuas
woRnsInduReysrasAliiAaduAuiFoudy
nwudn Sasuineeluduansuddaumuas
vt gpu

3.4 Itlomnaznonssuy

yssainsaudinanaludneduty Sulem
NANYITAUANUANSANINTURUFIUY BANFNIN
wazmafnefivey JIvedeldfndenunaay

P ' =

naNTINRNNZIHEINNNPNUIFINTTUY UL UG

=

douazindosdianisduuifanssuiidaduly
FuiFsussivgauFnuwidy 1wy ademans
fivades Taseadnaesusud aarans
M3NeEL-MIAADUTTasusus uduy

waAalaFInNIeT 5

AMANTINT 5 hEANBTIA AU TZANYDY
wugus Manldiduindeedielunisisu
N3a9U 1Y Teleoperation, Robots Kits, Lego

and Another, Robotics Toolbox for MatLab,
wae Software Simulation UsznaunTRIu
asapuluiEe MIARNRaumEnS narmans
AMsFuIALduNeTIAaau laTeadneaes
WUPUR NNT0INKULLATANIAIUAN AADAAUY
SowfiReniuingnnseeuiinmes Aonlusu
Anenans walulad AFnTsn wasAdnmEns
(STEM) Judu AanssudiaduluduiSau
Tdun nsdndewandaulunisdouslilng
Weeauads dulngldsanduasifions
BSruduazdnuidymlandaaueans Ay
Uszaun1TainIgnIasiondziin AWM IAITH
LAZATUNARIENNINAADITDUATLAINNAANS
A UEADRNIN AN BUZYBIANAT NG LR
flaarnlyswnsusianeuwuy uonaindu
JeladnuaeTunauiusus ndouiia g
mawiuliSausssuiuuazyhauduii

3.5 msdawamsisaus

ABNIarIUUUUNITIANAYDING X
Uszpns nud FBmsinuasdsedliunagisau
Tugtuuusing q feesnedl 6



o

A13197 6 aydanszandludumsianadisou

NsasIsIMsiaddd uns.ws:ups Ui 8 aduil 1 Gnay 2557

el szdufu FBmetananisispuiinennsiuaud

yauma uaaUszlnding, 1996 USue3 izmwmiﬁauﬂﬁaauﬁmﬁﬁLLuuﬂﬂﬁﬂﬁﬁmﬂm]wﬁuazﬂﬁﬁﬁ waaving
nAsRU

Randall D. Beer, 1999 USane’d PAUBNANULAT IR TUTTU AR SN AU a3 9653A

Amruth N. Kumar, 2004 UIue3 Midterm Problems and Final Exam Problem

Elizabeth Sklar, 2004 Pyaas ponuuuld 14 &k Taw 76 witlumsilsussenamgu] (Lecture) uaz
75 witdmsunsasfif (Lab) sadUa fnsasudszifiunananean
wazUanenia (Midterm & Final Exam) 52#ineanaiinnsusumanglsivin
Tunuidludiuzssainwsuazsenswassznaulasenuuaziiiaus
maludesFaude

Igor M. Verner, et al., 2004 UIued anavszaunisalvenanauauasiild Tudu Knowledge and Ability in
Mechanics, Electronics, Programming, and Sensors

Donald Sanford Giffith, Jr., 2005 FniUSaes wuvdazfiunsdsuiludnsaznadeuifdudszaunsalidugiu
(Experiential Learning) fiaanadasindifiseianuats

Jerry B. Weinberg, 2006 Usgugned malmnsauiulusnumsasiiornen #anusazmsviaudufisdundn
Uszfiunadugnivosdi3uu 1Usznoude Team Assignments 26%, Team
Project 30%, Quizzes 25%, and Final Exam 20%

Liesl Hotaling, 2005 USyannd ’s“mwaimﬂmiﬁﬁmm*mﬁaﬂssuu,a:Nammmsmmaawmgﬁﬁw Aussla
maldmaauazmItausHaUTDegiFy

\ws A3aTaR, 2007 fnd3wpn’d Fornansi3oud duanuianudila msuddann WnssUfRvas
FURARFTE UL IANANN T U

Liesl Hotaling, 2007 AP R TeTTate! ’s”mwaimsjmsé“qmmﬁﬁyuimdwﬁwﬁqmsu Asmsudlailgm Wnweansits
wazmsauludsfinnianaula

Lady Daiana O. Maia, 2009 USued Project (Prototype; Test and Re-test)

Seung-Ki Min, 2009 USuaned Projects, Presentations, Final Examination

Sheryl Marie Hurner, 2009 Uue3 Interview

Araceli Martinez Ortiz, 2010 ReRiTeTTate! - Communication and Group Behavior
- Interview: Background and Definitions Questions, Observation

Debra Lynn Bernstein, 2010 ﬁ’m’i’lﬂ%zyiy’m% Questions and Interview

Eric Zhi-Feng Liu, 2010 Wnianey 4-6 T dumwallagld Four-point Likert Scale

Ismail Marulcu, 2010 - funwalSouuazdaou, uwodunamaaluiuEau

FosunuBanans3lumsned 6 Waddu
WBrvinuasyssifiunaSaussaudIns
finaned3 Ieun mavhuuuniauaznaseui
TudurewguiuazdfiRi nsdounatena
waztansana ANIYlATINULAZANTUNLEUD

HaU MIudedunianisvinsneey daulu
STFUAINIUS 03 (SreuansRnsdy
fug) aliBnsdananginssunsdumsal
wazFnmegeduIdladne \WogngAngsu
VDI DURAZNDUTINGIY



RMUTP Research Journal, Vol. 8, No. 1, March 2014 @

4. asu

AdeiflunyiduiBenun s
NUNIUITIUNITIURE U TUTTUURAT AR
NuBeaATTngUszaed ilefnmnuanue
AT AN IRuE eIy
i 247 BadldrunuilgmnsiSounsaeu
Wupus JUMUUAISHUNMIasuiidfyng
a3 uazmslinsasdioionaiieudingins
WusUAISNNTInYITIUNAE SuTaAUNLATA
NWARENNAUINEIMTVUBUR a3 TDET

Na ANl

aouAnwnnIzAutulainineinig
Wugus (Robotics) snldifupInsdionens
A (Educational Tool) snnusigstuuy

Yal >

nsseudiyedulddiseuldaefioUfoa
(Learning by Doing) wazdeauyszaunisal
anmaseu; (Experience) Tudawindouwos
Fepunsoanunsaline o fngdudinue
Waldfsoulivszaunsalilngdfueiung
AILANYUEUARAENATINATINWIABEIUNA
Falaimuzonsuasiiodransaniunisal
myvhnuswjusud Inslduausonsmnas
aslutuBvudesioeaniitiymenu 57en
PUIA UATANUILAN IR UanaALi Sanu
gipuiifgmlusiumadaulysunsy 9iwidy
sdruniedsldlysunsudnsaguiliumaeuny
aMwnsfin dnsuRnnsduuideniuny
ARG LU Y999 ATENeAUINEINS
HupuiioNIFn el Tisendwasuay

= '

BeRNAUUATTIIAgN

TusasmyTauazlsedugisauuuiinig
19980 3dwne duansal ANsULEUDHAIY

wanslassnuiiindsandathuudedu wie
Tonaspmavuvunaseuluiunguguas
UAUR ANT3ATIA N HnInaaeas
mM3inUszfiunadugnsnemsiBouvesdiFau

o

dazun Feruseuifautuniefiddves

(7]

ATTUIUATFU]

MINUMUITIUATTUBE T UTTID LA
Ainnesiodnuil Funnldindeaunnsfam
Taldmauaulatunisisaunisaouniesiu
Weeans wealulad FnIIueans was
AdinFANER3 (STEM Education) Feleimusus
uldlumaSsunmsseun3ofineusy daums
THuundrang (Simulation) PaUATUYUEUSRTS
Woduasuiuauinisnazinauidilaly
Tassaiswasingiineegfiufiinde o (Free
Space) UB9ITUUANAR WU aeeTia3NeTY
AITANNIIRG DU MNITNTTNS 1A
fueugasmnssn WelnlfdiSuulddann
LadneiaTesIaaes dudlaldisaus
sruvdansnaveusesuudned vl
NAADITINALAUDUGAINANTINATY azvi
F3sudufiuamansiausesiusudldogng
Juqusssn iliiAannunsziiesesuiionin

U

P [ 2N '

Boudmensrusus Senszuaumsfiaginli
JiSpudanuuasinulunisaunuueus
gaanunssy Ao JSpusesldsudszaunsal
laaasendoisouslaunseaindszaunisal
(Experiential Learning)

Asandundded §ionudadade
Tumanumuniidesghaduszoy Ao nsld
ansnsaintedayaatuiRN eI IuTaY AU

Yo o 0

dould wanzdpdidlddriiadiy §Ideds



I
A : : .
1‘3&. 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

ymsInTzianundngewindy uenanniy
gaflanunaInvans U tya WU 10gUITaeA
NN ﬂa;uﬁ’aazmﬁ‘?imam JUUUDBINS
3y fudsuaziadewdisfilddeinnseanuuuly
wansneAl Bndenisneaunanisisslunng

aoca

i AlFTmsnenudoyanmsdinniiizame

Yo v o0 ¥

JAdeRefariiansidoyaiieagyillomans

U
1

DuddvtumuanuulyUldreseudse e

F3TuiBUSuN UuRe nTIATsiRAuNu

(Meta-analysis)

5. natinssuus:=me

280 UAMANGITYUAT WAL U UG
anaMNIIN WrImenamaluladnszasuinan-
wszuATwile Mdaaannufivhnside

6. 1I9NaA1SHDD

\Bes A3ATAR. 2550. NNSWAILNAANGAS
asaejusud eduasunsizau
Inpraans wazimalulad d1usy
Fnideutetud 3. Yspansfnm
AUIUMNAR §1UIT1INEAERTANE,
AN AL ASUATUNTIL IR,

U5 A90NuT wavaud LRIYLAYN. 2551.
aslUsunsuusuddlg3sandawiie
mtsznauBuy. MU BNIBINTT
i3pTneAmnsmesenawisszmalng
S 22 (ME NETT 22), amninendd)
5ITUAENT AUTIER.

wnma wandszinding. 2539, nnsasiege
A588ULIRY ANTAIUANY UHUG
gaamnssuiiasduatundngns

ﬂqmam‘s‘qmmmﬂﬁuﬁmﬁm A
AFNansEAININIIN aantuinalulad
NIZADUNATNIZUATLNTD WNBANINY
2537. UIIATAIEATRNENNATIN-
updaudin, snineraunalulad
NIZADUNAINIZUATNTD.

Abhijit Nagchaudhuri, Sastry Kuruganty,
et al. 2002. Introduction of mechatronics
concepts in a robotics course using
an industrial SCARA robot equipped
with a vision sensor. Mechatronics,
Elsevier Science 12: 183-193.

Abraham Howell, Eileen Way, et al. 2006.
Autonomous Robots as a Generic
Teaching Tool. ASEE/IEEE Frontiers
in Education Conference, San Diego,
CA.

Amanda Oddie, Paul Hazlewood, et al.
2010. Introductory problem solving
and programming: robotics versus
traditional approaches. ITALICS 9(2).

Amruth N. Kumar. 2004. Three years of
using robots in an artificial intelligence
course: lessons learned. Journal on
Educational Resources in Computing
(JERIC) 4(3).

Ann-Marie Vollstedt. 2005. Using Robotics
to Increase Student Knowledge and
Interest in Science, Technology,
Engineering, and Math. Master of
Science in Mechanical Engineering

University of Nevada, Reno.



RMUTP Research Journal, Vol. 8, No. 1, March 2014 1‘3&

Araceli Martinez Ortiz. 2010. Running Head:

Baki

Students’ Understanding of Ratio
and Proportion within Engineering
Robotics. Doctor of Philosophy
in Engineering Education, TUFTS
UNIVERSITY.

Koyuncu and Mehmet Giizel. 2008.
Software Development for the
Kinematic Analysis of a Lynx 6 Robot
Arm. International Journal of
Engineering and Applied Sciences
4(4): 230-235.

Boris Kerkez. 2008. Robotics and machine

C.G.

learning in a core college curriculum.
Journal of Computing Sciences in
Colleges 24(1).

Rajeevlochana and S.K. Saha. 2011.
RoboAnalyzer: 3D Model Based
Robotic Learning Software.
International Conference on Multi Body

Dynamics Vijayawada, India.

Carlos A. Jara, F.A.C., Santiage T. Puente,

Fernando Torres. 2011. Hands-on
experience of undergraduate
students in Automatics and Robotics
using a virtual and remote laboratory.
Computers & Science, ELSEVIER 57:
2451-2461.

Christopher Kitts and Neil Quinn. 2004. An

interdisciplinary field robotics
program for undergraduate computer
science and engineering education.

Journal on Educational Resources in

Computing (JERIC) 4(2).

Claudia Pons, Roxana Giandini, et al. 2010.

A Systematic Review of the
Application of Modern Software
Engineering Techniques to the
Development of Robotic Systems.
Objeto de conferencia, Universidad
Nacional de La Plata, 689-698.

Debra Lynn Bernstein. 2010. Developing

Technological Fluency Through
Creative Robotics. Doctor of

Philosophy, University of Pittsburgh.

Fija Kdrna-Lin, Kaisa Pihlainen-Bednarik,

et al. 2006. Can Robots Teach?
Preliminary Results on Educational
Robotics in Special Education.
Proceedings of the Sixth International
Conference on Advanced Learning
Technologies (ICALT06).

Eli Michael Silk. 2011. Resources for

learning robots: environments and
framings connecting math in
robotics. Doctor of Philosophy,
Universityvof Pittsburgh.

Elizabeth Sklar, Simon Parsons, et al. June

2004. Using RoboCup in university-
level computer science education.
Journal on Educational Resources in
Computing (JERIC) 4(2).

Eric Zhi-Feng Liu. 2010. Early adolescents’

perceptions of educational robots
and learning of robotics. British

Journal of Educational Technology.



3 n."
1‘3&. 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

Vol. 41 No. 3. EBSCOhost, E44-E47.

Franklyn Turbak, R.B. 2002. Robotic Design
Studio: Exploring the Big Ideas of
Engineering in a Liberal Arts
Environment. Journal of Science
Education and Technology 11.

G. LoOpez-Nicoldas, A. Romeo, et al. 2009.
Simulation Tools for Active Learning
in Robot Control and Programming.
EAEEIE Annual Conference.

Gianluca Antonelli, Filippo Arrichiello, et al.
2009. ROBBIT: An open source
simulator for education in robotics.
Proceedings MATHMOD 09 Vienna.

Ho-Sik Roh and Jin-Oh Kim. 2004.
Manipulator Modeling from D-H
Parameters. 30" Annual Conference
of the IEEE Industrial Electronics
Society, Busan, Korea.

Igor M. Verner and David J. Ahlgren. 2004.
Robot contest as a laboratory for
experiential engineering education.
Journal on Educational Resources in
Computing (JERIC) 4(2).

IMah R. Nourbakhsh, K.C., Ajinkya Bhave,
Emily Hamner, et al. 2005. The Robotic
Autonomy Mobile Robotics Course:
Robot Design, Curriculum Design
and Educational Assessment.
Autonomous Robots 18: 103-127.

Ioan Doroftei and Gheorghe Plesu. 2010.
An Educational Manufacturing

and Assembling Flexible System.

METALURGIA INTERNATIONAL XV
(Special Issue no. 7): b5-59.

Ismail Marykcy. 2010. Investigating the
Impact of A Lego™ - Based,
Engineering-Oriented Curriculum
Compared to an Inquiry-Based
Curriculum on fifth Graders’ Content
Learning of Simple Machines.
Deegree of Doctor of Pilosophy,
Department of Teacher Education,
Boston College, Lynch School of
Education.

Jamshed Igbal, Raza ul Islam, et al. 2012.
Modeling and Analysis of a 6 DOF
Robotic Arm Manipulator. Canadian
Journal on Electrical and Electronics
Engineering 3, No. 6: 300-306.

Jeffrey Johnson. 2003. Children, robotics,
and education. Artificial Life and
Robotics, SpringerLink 7, Number 1-2:
16-21.

Jenelle A. Piepmeier, Bradley E. Bishop, et al.
2003. Modern Robotics Engineering
Instruction. IEEE Robotics &
Automation Magazine. 10: 33-37.

Jerry B. Weinberg, William W. White, et al.
2005. Multidisciplinary teamwork
in a robotics course. SIGCSE’ 0b:
Proceedings of the 36" SIGCSE
technical symposium on Computer
science education.

Karen E. Bledsoe. 2007. How Do Engineering
Students Develop and Reason With



RMUTP Research Journal, Vol. 8, No. 1, March 2014 1‘3&

Concepts of Electricity Within a
Project-Based Course?. Doctor of
Philosophy, Oregon State University.

Kenneth Berry. 2005. Teacher Perceptions
of the Educational Value of the
First Robotics Competition for
Workforce Preparation with Regards
to Math, Science and Technology.
Doctor of Education in Educational
Technology, Pepperdine University.

Lady Daiana O. Maia, Vandermi J. da Silva,
et al. 2009. An Experience to use
Robotics to Improve Computer
Science Learning. 39" ASEE/IEEE
Frontiers in Education Conference,
San Antonio.

Liesl Hotaling, Richard Sheryll, et al. 2007.
A paradigm for vertically integrated
curriculum innovation-how curricula
were developed for undergraduate,
middle and high school students
using underwater robotics.
International Conference on Engineering
Education-ICEE 2007, Coimbra,
Portugal.

Liesl Hotaling, Richard Sheryll, et al. 2005.
Discovery based learning in the
engineering classroom using
underwater robotics. Proceedings
of the Fall 2005 American Society for
Engineering Education Middle Atlantic
Section Conference, American Society

for Engineering Education.

M. Samaka. 2005. Robot Task-Level
Programming Language and
Simulation. World Academy of Science,
Engineering and Technology 9.

Marian Petre and Blaine Price. 2004. Using
Robotics to Motivate ‘Back door’
Learning. Education and Information
Technologies SpringerLink. 9: 2, 147-
158.

Matthew W. Berland. 2008. VBOT: Motivating
Computational And Complex Systems
Fluencies With Constructionist
Virtual / Physical Robotics. Doctor
of Philosophy Field of Learning
Sciences, Northwestern University.

Mustafa Cakir and Erhan Butun. 2007. An
Educational Tool for 6-DOF Industrial
Robots With Quaternion Algebra.
Computer Applications in Engineering
Education 15(2): 143-154.

Poolsak Koseeyaporn. 2003. Component-
Based Robotic Simulation. Doctor
of Philosophy in Electrical Engineering,
Vanderbilt University.

Randall D. Beer, Hillel J. Chiel, et al. 1999.
Using Autonomous Robotics to
Teach Science and Engineering.
Communications of The AMC. Vol. 42.
No. 6: 85-92.

Seung-Ki Min, Suk-Hyun Seo, et al. 2009.
A Creative Engineering Design
Course for Freshman using LEGO

Robots. IEEE International Symposium



saSIIMsIadd uns.ws:uas Ui 8 aduil 1 Ay 2557

on Industrial Electronics (ISIE 2009),

Seoul Olympic Parktel, Seoul, Korea.

Stephen H. Whitehead. 2010. Relationship

of Robotic Implementation on
Changes In Middle School Students’
Beliefs And Interest Toward Science,
Technology, Engineering And
Mathematics. Doctor of Education,

Indiana University of Pennsylvania.

T.J. MATEO SANGUINO and J.M. ANDJAR

MRQUEZ. 2010. Simulation Tool for
Teaching and Learning 3D Kinematics
Workspaces of Serial Robotic Arms
With up to 5 DOF. Wiley Periodicals.

Tim L. Dunn and Aster Wardhani. 2003. A 3D

robot simulation for education.
GRAPHITE’ 03: Proceedings of the

1°" international conference on

Computer graphics and interactive
techniques in Australasia and South
East Asia, AMC.

Uvais Qidwai. 2011. Fun to learn: project-

based learning in robotics for
computer engineers. ACM Inroads
2(1).

Veljko Potkonjak, Miomir Vukobratovic,

et al. 2010. Virtual Mechatronic/
Robotic laboratory e A step further
in distance learning. Elsevier: bb,
465-475.

Yan-Shen Wang, Yu-Xian Gai, et al. 2011.

A robot kinematics simulation
system based on OpenGL. IEEE
5" International Conference on
Robotics, Automation and Mechatronics
(RAM).





