v13 1270 WIN mND

D'UP'INO 00IanN 'OTIN O NIYTN NA'YN N1'NA

i AYIXR N'XN
XU 2171100 DN — 110N 78U 1171100 [1Dn — |111D0N
bmiriam@technion.ac.il ushermaya@tx.technion.ac.il

Examining Innovative Thinking in a Project-based
Engineering Course

Maya Usher Miri Barak
Technion — Israel Institute of Technion — Israel Institute of
Technology Technology
ushermaya@tx.technion.ac.il bmiriam@technion.ac.il

Abstract

Innovative thinking is considered as one of the important competences
required for learning in the 21st century. Still, only few studies focused on
designing and evaluating learning environments that may promote this
prominent competency, especially in the context of engineering education.
Hence, the study's goal was twofold: first, to characterize innovative thinking
in the setting of a project-based learning (PBL) course; second, to compare
project innovation in different learning environments. The study included 82
engineering students who took part in a Nanotechnology and Nanosensors
course, delivered in two modes: face-to-face (N = 40) and online (N = 42).
Participants were engaged in a small group PBL process, leading to the design
of a nano-based device. Guided by the mixed methods approach, the study
included interviews with four nanotechnology experts, applied an in-depth
qualitative analysis of the projects' contents, and a quantitative analysis of the
project's innovation levels. The findings identified four categories: Innovation
type, Necessity, Interdisciplinarity, and Market readiness. Significant
correlations were found between the projects' grades awarded by the course
staff and those assigned according to the taxonomy, for both groups. However,
students from the face-to-face group received higher grades on project
innovation both from the teaching staff and according to the taxonomy,
compared to their online counterparts.

Keywords: Engineering education; Higher education; Innovative thinking;
Online learning; Project-based learning (PBL).
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N7152) NTI2YA NNYNND NPMYHYNT NNINN MMNININ NNNXD DMIPAY NMIYTN NIDN NNYTN
,00-0 0 N9 LY .(Barak, Morad & Ragonis, 2013; Pellegrino & Hilton, 2012) 21-n Nxna
LDV YTNINWA DY NN YT DY DPP 9272 DY NINOAD D) JWUN TONIND NYTHIN NNWTN
DY YN N1 92T DX NNIVTND MONMNN MADN NNV 0PN NI dNIVIYNI NDY N8I IN
19981 Y GOIN TIY WINDY DMPN ATON NN NNXRNDD ,NINY OINN D32 NPNPN DV 1M NN
NP ONSPNN MI902 .(Frankelius, 2009; O"Sullivan & Dooley, 2008; Van de Ven, 1986)
DN 12 ONPNON AOVUN : DXVYW MWL 1O NIVYTN .NPNVY NNYIND AWM P2 MNIAN
Choi & Chang, 2009;) M1y DNIN YW NOXIN DY YNIND 12 OMMIV1N 2DV DOWTH NNPY)
,NYTNN TONNN DIVN PON NN NPNPNOY XN .(George, 2007; O”Sullivan & Dooley, 2008

.(Frankelius, 2009) NX211 NNWIN NN2Y PADN NN NN NN TN

THYIN P2 NN TIPON IWURD  INVINN GO0 NPDD MOLOY 19010 M0 MN»P
TIT NN NNIVTN P2 OPPN YT WIDIY XTI TIN 1NN NXR NIAWNN (MNXITN) NIDVINIPINR
, 3 oy .(O"Sullivan & Dooley, 2008) ©»pn TN DX NIVIVNI T PIYD WTN XM NPTNNN
D"PN .(Tidd, Bessant, & Pavitt, 2013) 1>n»ya NYND MUY INLYS NPN I NN
MO NYAIN P2 DT20N NNV MIWTN NITHND DT NN Harvard -y MIT mXVYDIDIININ
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.(Henderson & Clark, 1990) 55N ©>2>59970 Pav qvpn 1IN0 NYTNN MNYNIVN DY NDON
DMININN DY DIYINIAN NN NIAVN WK (MNYITN) I250I07728 NNVTN NN INYRIN NNIN
927D 2 YV .NPNIN INYNOV YT YW DIV MININI NNINN YT HY Piva DN»PN
9Y2INY MIVY TUR 1729770 IIYTN RO NMIWN 1NN .01 WP 1) 022037210 PN M»WI
PV KDY 0235970 P2 DMNWPN NIRYD TN ,7NINIDVN DY NN 12307 DY WTNN DNNYD
P2 NPXPRIVIND XN NN SMNN 19IND MIVNN JI0FZD2IIN INYTN NPN THIWVWHYN 1NN
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Amelink, Scales & Tront, 2012; Barak et al., 2013; Dyer, Gregersen, & Christensen, 2011;)
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NN1AY DMVDYOLVLO DNININ DI 1D ,DXVPNIN NVN SY DD MN’ NMYXNNI ION) DPMNON
THPNNN NPPVDIVLO NMYNNNIA NN DXVPNINN NPXA O TIAND .APNNN MNP P2 DDTINN
9 DY DMIPND DNPN NNXND DOVPNIAN NP P2 PXINPN (ANOVA) 11 Th MNY MM
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D'NYNN
APNNN MORY YIZYN NNRD NIYN 1M 0NN TNX DI TUNR DXPI9 NN DYDY D915 NY P9
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SY 7901 T NTTIP MINVP DI .0NYMN-1IN DINNI DOXVPNIN NIYTN NI1NIAY NPINLP
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12 YY) D2 WP 1 TNIDNDVN 12592 1N XMINND MDY NNNN 7T X9 NNVTN .M
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MY NN N2 VPANINL INNN JWINN DTN IPRI N B MINVP — (Necessity) MYy .2

SV 1UMOND YU MONINIVIAN NYIVNN DY DDINNA,N>TND 20 NMIVYN IN NIV NYNTN MdYID

TY 1OV 1AVN NOY PNIND XN VPN XNYDN - DNPN NXIN MITY .OOWIN DY AN HNp

P290NY NORNND TN WITH OMNX YIOUY -MDN2 NYINH NP NIWN .NNT TIND 7YY 1D
JNNY XY MNT XDV D (JW1INN 12 NX) NOHIND DY Ty

MNP WONN DTN IR PNAY IR I PINVP — (Interdisciplinarity) 5199998019098 .3
2577 20 VPMIY : NPHINN NNN DY MITTH .NPOTIN NPYTH MDLPADIS HY AN PN
Y NADIVN NOIWN NI DY NVIDWH JW1NN VPO NN XDNTY DNPY 1N .MAOY NNON
YNDAN DY NYINT DY IWIPNT INK MNP VN N ONN TAR DIV DINY DNIWHON 19010
MPATY OT XN NIV ANT OPIPON M YT DY NTTNI HWND 41 DINA PDY .OTRN 9N VOWV)
YT DIYN DY NDOUN DY XD NYIN 11D NV .NIX MXINNND OX0IN I > DY 1770 25
N DYTHINYNI YT DNOY YN NN DXA5WNY DMWY DIINND DIXWHINN DOVITIVD HY NNV
SN VTN NPND TNV

XM NPANY ONINIVIT DY VP9 INNN JWINN NI IPNRA — (Readiness) PIYY M .4
NVIND 7DD JWHON 1) 1SN TIYN NN D MDY VPN : DXNDIND THN M12TH .HVv]
PV D»PY YN PYIN DY TOHNDNY JNN T DTN NXIN INN2 YIOVN 19IND .NMOMYN
9901 DY T2V 2T .INY DPY THNIY NINY JINI NPNIN 1) 99IND WINOY YT DY NITYN
JOAVAN MDD DT TN,V NIOW YWON 22910 1N DY DY DY DD1IAN NO

OO0 29 DY YTTIP — PIYD MIDIN) NPIAPOPNDITIVONN ,MNNI — NININKRD NPINLPN VIOV
ANDND NG OMP) 3IN,(OPON 19IND O»P) 2,00N0Y 19N OMP) 1 : DNPNN

VPMI9 NOODIN NTHDA MIYTN NDYND NNAN NITHNN NYNN ,DOVD MHRMDPLN THO DY
IYP) INNOVN 122592 XMINND NNY PN AN DY PNIONL THINON YDOUINP TONN HOOTIN
NPYTH MOPADID DY 2N NN NN TN 2D NMIVN NYNTH dPYIAD Myn M) 011

29192 NPONY HNOXIVID DY NMPOTIMN

N1AI712001M2 DUAXIAPA D'VPN9N Y NRYTNN DTN

TINVPVIIIN ,TIDNTIV,TPIVINIPIN : NNYTN ND DI N2Y TANR LVPAMIAD NNPNT NI MY P92
STT DN

NI MIN NVNT JWINT VPN :NHTVINIPIIR MIVIND NPT

12N NN NNINY 23PN NI NN DTIVND 7PYA NN NDPIND NN IPRY IPNIPN NN NN
MM NMYY MDY 1NN NI M VY PIVA DD MNPPN MNYN NMIVIVN 2D 7N NP
PO TUN MNYIA 719970 PN DY YaAVININ TIPI2 DN I AN JWINN IR AT MONN)
0191 D)1 TIPIAN DY IMPN NN YD XIN YSIIN WITNT .PINN MDMNY D) 2200 dIMND NN
PN DM NINVIVNV NV PLAN JW1ND VNPV IWNX nanorods NON NONH NVY TIPIa M)
Y PINN MDON MTIN DIVN YR INMN OONN NOTVN NNYNND MYSNNI IMIIND DINOVPITIND
19 ON 92770 .OTN D5 712y NHN T MPPA PHRY PP T 0NN NADVA TPNPIVIND MPY
SY AN 29 990N NAY VIO PNRTD 1NN STO TIN ,PIYA DPD DMPN JWON DY NMDDINNA
NNN NTIPID NOT 12 DY MOVINIPIN NDN NIYTN PN VPNIN IND Td YW (1 TPN) DIVIN

PNMDPON P9 Y YIIN TINN
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The Food Quality Sensor Design g

1. Take images of the
barcode sensor

2. Sent ta MATLAB for
image processing

3. Compared
objectively with pre-
obtained R, G, B

4. Characterization
curves

5. Estimate the
freshness of this meat

[ |
Tefl:nion Figurel. The design of food quality sensor
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2P ,022Y DIYPA NPYW DIV PN YN ,INDI0N PYON HY NN 2225902 1IN0 DY VPN
NDN NIVTN PIND VPNINN IND I HVYA (2 TPN) PYINI YUY VIDIWN IX NIV 19INI

PNMOPON 29 HY YAIN TINHD MTIPI XNWD N9 IV

Applications
The wearable miniaturized device for detecting pulse and respiration could
be widely used in:

* Police Investigations
An interrogation tool for criminal
suspects

* Job Interviews
Certain jobs for sensitive public
or private sector employment
e.g. with the FBIl or ClA
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DN MPN HY NYAWNN NXID) MY NPN DMIND NV OX ¥ 11N VPNINL AN IVPEIN
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DY .TIPNNN MDA DNIINN DOVIDY 12¥2 12 WY TUN 101 TN N PRI JW»N M)
P90 DYY MNPDMIPA INYN TPMAYYY JW»NN 1 12INN 12 VIDNP NN ANWIND ,NINY
NN NPY PIR T VPN, ININ (3 IPNR) PIYA DD NI PHRT NIND DM XY NNY MY NIND
2I0PYIIIN NN NNWTN PENI IND T2 YWY DI TWPI PODIT NPYW TR TPNINIVN Y2230

POMDPLN Y YY YAIN TIND MTIPI YITWY 19T



DY0P”M9 DOIIN POTIN ONPA MIVTN NWN NN v18

L -
“Nano sensor to detect
incontinence beforehand”
-Our Goal-

“Their precious smiles”
) - Our inspirvation- )
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The Nano-Solution: “PeePoo Sensor”

* Radio frequency powered battery-less nano-sized sensor- implanted in the colon
+ Functionalized to detect the fecal /urine sense signals in advance before defecation

= Can alert the individual to prepare well in advance 20 minutes before nature’s call!
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NANN NTD JWHON VPN T NEND MIVINY NPT

2N .MANKNIN NYINA — DY DTN 95 MNTIND 99V 1Y SWNN Wi HY DOInNN MY VP
NVIND DY IWIPRN NN INTPHY TONID TTIV TAX JIW DIYIN 190N YV 19V I8N N8P
PN 792) MR .(YIND SPIPIN 1M MYSHNI TTHIN NN NNVIDNVA NPY ,INNTI) MANKNIN
N8P 2I2NY KON . JPNOPYLIIIND NMIYTNN NMINOVP NNN D9 P NIN 2N ,0PI9N ON
(CPPYNPs »2>p5n0-13 MYSNNI) DINNN MNINY DM DIODN DPNIPY DOVDN TITHI IWINN
PYT PYIN NYNOLNY DI DYNIND DNWINN NSV .(Nanocrack JW»n MYSNNI) NN VLN
ANV ANV VP IXINN DOV IXINN .9 P9PWN IN NIVINND NHNT DIN TP AWV
170NN WY PTH DNDN WK ,DIIMP DIWON 901 INPY N¥IAPN 113N — PPN DIDN
YN VPMIDN IND T2 SV .(4 TIPN) VTN NDPYNN NN INNKY MAINNNN NDTI HY 10N

PPIMDPLN X JY MTIPIN YAIN XN NN 921 TIT NEND NMWTN NNI2 HPNINOV

- SRR teslosteione «  When human beings fall in love,
-
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« L ed arrays of
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b= Q oF O‘" nanopartic (C ‘M Ps) and

their integration with human
parathyroid hormone receptor
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NNYTNA NNT N2'NAN [HIipRn 01177 '78VINDSN O1IZA |'a 0'7Tan

N30 NYNA N ,DXOITIVDN HY DOLPNINL NIVYTNN NKVI NPNAN DX TN NN MY PN
DYOPMI92 NIVTN DY DNV NN .(NPN 51 YIRVLNIN DNP) DMWY PN PONR NTMNION
) YXIND PN PP YIRVINNN DNPN NXIAPN DOVITIVDN ¥ KNI, DNPN NN OIT DY NIV
P2yN (M = 81.05, SD = 11.61) ypnn oMpn NIpd nnwNa (M = 87.75, SD = 8.54) any
PN OV POV G0 19 M2 1PN (85.02) YINVLIINON DNPN NXIAP NV HY PNNNNN 9N 7D NN
0PN WNR OO TINY IXIN (ANOVA) 113 TN NN M) (84.15) MpNN DNPN NP
3 DY DYVITIVDN VDPY DIYNINND DNVIN NN L(F(1,80) = 8.80, p = .004) MHLDVLLYD
M) 9915 YXIIN 1PX IR OIRVLININ ODNPN NXIAPN DXVITIVDN I 1D D) RN ,MMIMNOPLN
Y OY (M = 67.47, SD = 15.10) !Mpnn 01PN N¥Ipd nxnwna (M =71.22, SD = 22.72) "0y

PUDLLD DYPNIIN INKNI KD VN ODTIN

TPVLOOVY PN M) ONNNDD INIDI MXIIAPN PNYND DXOITIVODN 2PN YD NININ NOII NN
NN MNIPY P2 D) INYND) DXPNAINI OO DIINRNND .IMMNOPLN 29 DY VAPNNY DNPNN DY
MXIAP SNY NN2Y ,TI92 MNIMDPOLN NX MIDIND NPINVPN YAINND NNX DD DY ONPN
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DN MNMDPLY DXNND) DNPN NNNN DOOVPMINA NNYTN DY DIYSINNDN DNPNN .IPNHIN
.1 9901 NYava

27NN NIXIAP 'MY 112y ,0'07'N92 NRYTN 7Y DwXinnn Daryn .1 A%

N™MNIoPLA 'O Y Iy NRYTN 7V 0YIgn DX |I'Y

[Ph n"vo | yXInn 7N n'vo yxinn
22.72 71.23 8.54 87.75 YHNLINIY DNP
14.92 67.47 11.61 81.05 mMpPn oNP

299 3 N¥MI .5 9901 APNI MK IPNNN MXIAP PNV 2192 MNYTNN MND NYIIN NNOAND
VTN DY 1IN INYINN NN 1M MXNIAPH dNYHN DXVITIVDN DY DVPNIN
HNONN DIV ANYIN .(MNPHRN ONPA 38.10%-) IRV DNPA 40%) NOVINIPIN
YN ,(35.70%) MIPNN ONPA DOVITIVON 2P INY NNPIY NNMN,NDIN-NPNNA NN NNVYTND
Y 9720 0 Yaxn (ANOVA) MM TN MY MM .(10%) YINRVNINN DNPA DXVITIVON DN
YN ,TIT NN TNVPVIIIN NIVTN , TN (F(1, 80) = 23.43, p = .004) MVLOVLLO PN
YWRLNNAN ONPA DXVITIVON 1P INY MNIY P ,INV MM NN NNYTND PND
PMMNNNA ,7.20% ,19.00%) MIPNRN DNPA DOVITIVDY NNV ,(NNHRNNA ,15.00% ,35.00%)

PVDWVVD DXPNAN ON D) INY VN DTN

D'oE"'IN%1 Naxinn NNYTNA alo
o' nxiaga

OFrontal (N=40) mOnline (N=42)

35.70% 35.00%
| =
| | 19.00%

10.00%

I | 15.00%

III | F - i
10 |

% 5

ﬂ'I?L?J.‘TﬂF‘J'N nAaTin N'NAFOIN NT RYUS

APNNN NIXIAZ 2272 NNYTNN 'A10 NYAX NIA79NN .5 X

T

: DNOIN MY 1NNV DXVPIS-DDILN YOTIN DNPA DIVITIVD DY NIVTN NDWN JN DT IPNN
IMAND TPPINDPL DY MY 192210 DXNNIN DY NNVXRI .MIPN DNPI) IRV DNPD
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