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With so many publicati onsknaow etahdayt inmo tome met eapdt woe ko
|l ean manufacturing, why dokhoweed at o emedhd meethoanactame rb eo nt
Everyone whoobés ever heard b6 Veaehdatheatbtgesknowsuthat ftrb
fi-seep principles are 1) i danmrtni ftyo wvtahleu emoadse |'s eperno pboys etdh eb yc
t omer ; 2) map the value stcemm matdi edionf nhoemat epadt bab:
not create value; 3) <creat atlalr otuingdh tp rsoecgeusesn csei noufl aptri codnu cnto
4) establish pull from thechpkéesaamnidyi tuyl;t iamad ed )y, c obnetii nng
process until perfection i ¢ hrosactlped.ncSplwlsat s new here?
glad you asked. I n order to introduce the study in this
l etds |l ook briefly at pr oc elsossoksiinngu liant i omomntdhenodetl § inde,
mo st peopl e, these terms conmydires,uponehowghlitd bdél iceovnp utt te:
simul ations. But computer tshatul adtmpasi eag earien ato gtulee ttheoeps
days because, wel | | they wbakt, ahdi youe doatbés hhove t eaho
very hard to find softwarebpaocokhagses hilght aal 50W, youw o mei
|l ate common industry problemacceptaaleide,t owhdeed exrn e , c mrsoiddie
resource waste, and qualitghapngeéesoli n Butoceismelsa tainodn tdoooels
always have to be on abasegwifemwartherlendar ei ml spi papeer ir
activities and games that tshkkd |dtsudentnsancaagre rpsl,ays.t udi es al

al ways trickl el edvoewnn ntaon atgheer sl,o w
The basic concept of si x whagmactiusaltloy mockelseanwhatcuhapep
system for measuring process defects so that they <can ¢k
eliminated in the real wor IMly. aSiemi lodr expebbsbe ¢do@s$ neet
principles, you come up witHowawvweirded fddrd g alratitcd rp amhceu s ent
you run your idea through s$iamiubatieoenssesf pwasentedebybuhek
prototype of the model andpseéobod welplrect aacbonalfloy datrc
mi c e . A defect, continuingThbe wentogwlad g agrimtoiuchgibp a(nBtast) atf
having caught three mice, svom& padtiofethettwaphbeaaksot
ter so-mer Aaeadding and more sdenubhawi lomgi, styioaus ,budallang wi th
and test your beta version, henloyt htea sf, i-ghai ftehcatpea d hiesd rap m
deforms after now six mice, atcthus faltlhewien ¢ viéhoand, i tttiththee maadre
to escape. And product r e silaed ahospital saeaasod buPthe fPoeess tvas thefocusyla u 6 r e
building a trap thatés | arfgpectendtithgegh moaetat clansmwmalsi | peab
when in fact you only needviomtuaslilzyedafipyr foelmdbus&@haQuali !
control: After @ouemgi armp twhcdatm, sgepearpsr oag and how to fix it
to work as <conceived, you start manufacturing them for
sal e, only to find that cusFobmafrbkbyariensthetamghaomwmndés emade
Wh a't happened? Well, did ybuocakckeweltdh darhe aslulppwe krtso ol
your materials to make certaiynaghan thean mawieslb,amamdvord
degrade before the end of tywogurmhutnnendedel atbeaphn Wwomrk te
product ? t al scenario, the participants

tal; they |l earn what to do if
But | etds get back to thealreawmnisngdaspesousces,| aad. hbww
people | earn best, or p e r hity gostrol.nPartecipantsegéirf firstehane expgerlence?of trist a d i t i
|l ectur e; bl ended | earning;irndippett otaesr dom rmoadeglns ;z er op
play exercises? | dondt hawedenonpdhr memad mctheame etso i tha lok deb
al | of the different ways thmptopewmephe miemdanet Amaelquiwee cal b
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Domi ni ck E. Fazarro, University of Texas at Tyl er; iJt.t.y Craig
Walt Trybula, Texas State University

health and-EBH&8Jetreséannobh has
In the last decade, nanot&Ghtn® | o@Xi tiatsy nfadSet Sn ul e r Go&ulsl!

Abstract guard!ng the'environment. I n
training in issues related to

I n this paper, the authors;grl:%lgql};tifctg,r?Ot?]ﬁeoppratr}()trgzﬁhn 8l/p8epr%fb(
and i mplementing a set of ({n&p&%@éticno s €0 ant'etr'iaagls}’empietvh‘
oped to help foster ethicaltya\gglhgg?%g: 'BrtE'H% %%X%v%???r?
of engineer s. New knowledgeechnnewot C.h’nSii ucees’na'ﬂaotmeartiearlisa’l
systems, and devices have [Qug the% W in u(sstra| e&etgeﬁ&é” § f
ci al for ms, and new et hica ffc’ehcat SI eNP e a1 9QMe alnM@P & Thied Nelp v
pect of technological soci £k istyst&hoeec'instieo”nts' 0N y tP Y hse
change and of new technolo£|res.as hHostJueqﬁ‘irﬁlarE aht resPQ
bl e engineers have heightenﬁgep AT gheegs tg l:;é‘erehseoallvtehd ay)
safety risks, et hical and hha {aefggp{sgdg\’roﬁﬁ|orh it Ebrbd perrh\ﬂ
ment al and humani tarian it j|qc é’tonts0 ?lfnl tj}keitrhew%5§imu
Through -famdHE8F proj ect, anpiorﬂternq_:(?l% ah'a¥% a gngﬂbtechnolo
vanced curriculum was develt%%e e@ldy gghggcfggtgng'haergﬁ
fatéace course modules tau rhet ad S ftLhIeI n%‘%‘t’r%eeshepétiié‘ﬁ o0 -
fused into existing course%ﬁ0 %rdza\‘yie g qrhetsrée c 9 ilql hG % ofr
advisory counci |, project iprT SOEU%%uéFiSﬁSrCQﬁE'rEE qﬁapf
and tested courses and mOdéJtheisc |7 iemaldivciasioirynscoaunndc'issiune
cluded experts from indUStEYaOfnamﬁ&@tB?.m'a' %ne I mportant
aim of the project was the identification, recruitment,
gagement , preparation, and MG Yr agse mgn r%fss?tn dennetesd f{@
traditionally underrepreserhte% n%" O UyPes dsrPetoofcaﬁgﬁiiﬁ f@risg
and engineering, with a fOA? adeonﬂ/ qn tnegq oequgnyg. Salt tEQi
paper the researchers br|efly eS U ronrﬁenotrailginheoz;ltt e p,
present some pedagogi cal COé‘c“Hr‘f‘@l L};o épraer'sd }]h[oswtthl”ée ;nr%'t
searchers developed the COnl.[Ial’tSeer (E [1 rrllg {¢g|ewitt§1(]e
d_eployment of t hese moduletso eoqf ndanaoctechrn%mobpe[
first two years. UNESCO states, ATHermostsspreeas 3
. ed to nanotechnology are toxi (

|l ntroducti on and the environmento [7]. To d
[

inroads into mainstream so&i®ed Qmriolyal Pptrioducadas S uR Gt el
coatings on cell phonefsr,eeHAWEWMEEr o Bt BT s®XR@S UTrse altqlet e
pant scl esaenlifng toil ets, autdrhd)tﬁiIe’inﬁalﬁ‘ﬂ@,Ctb@PaﬁlspchlﬁhX'St
l'ighter and stronger baseball bat s, i ghter and damage
tolerant wind turbine bladeEOr ahBstar¢ecefpPEltaiver e€nginpe
met hods of producing nanomh@eei Been halhewnpeiehm aivealopeldu
and production volume has Ol h@eé@s¥dnemheseentex floha sbraarien
bringing down the cost of AB8Hom&t PNt at fs damagedsworofdi
nomaterials decreases, morBOp¥oduehbkaiusimNYMsyamhawnmtatiet d wq e
are being developed. Howev@arl ditoWnpos & wlwb's eefnfgeicnteser sp ud AP n
technologists will also nel827tlo rMOsrpeoOnVseirp | ys @me g p poff B Atnhge

ance for the safe handl i ngmosft WwddEhat greiselas chrd fibﬁ5§%$

00000000000000000000000000000000000000000000000000890
INTRODUCENGI NEERANNDEECHNOL OMAJ ORONANOSAFRNYETHI CS 5



000000000000000000000000000080000000000000003000719dd20

todhawvbkogivea

and
i nldiukcee eafsfbeecsttso si n

nol ogi cal

s hown

G BrEETs 8 e

[Cltagi'r“iqu]_()bj ecti ve

S

t

od

r

o

t

TFEEwa —° 0

- ou® £ PEe 5 S0l

rcya-l o erlnaUW. o Lo m dm\ns ..Le%s ()
S0 o5 “=c O > Ny o
or nﬂ)n c (] - > t..lvllo o — O
o~ VL T O g e Durc S
- WE = o o —g Yy O
afb%plewog ﬂgm&rlqu

o v p, ©’Ld 2
eWIISnnlcdcrololsl.Hm —_ )

S
o dU> 0 Lo tnnGWﬂ.ernn‘,nﬁ_W
o~ R I PP © o
Fo- S oL o >
"~ e PP~

QL

(&)
O
e

(&2 -
®© TaE o S PV £
U

UghrOaU ERQV y
nho sc
tﬂgFPW%b%ﬁ%%oq

o0 g O E L BV O 5

addr es
ri sks

ensur e

gener a

whol e
y
s
d
2
u
Cavratl 1

nanotub

significant
0

standar ds

of
be
and
Nanaf@abfé&srepor o
t he

t

not
a
predicting,

ef fects

he
shoul d
car bon

have
[ 23] .

as
Substance

t hat

he

Su
shared,

ni ficant
l'itigati on,

echnol ogy.
understand

be

t
publ ic

swian d leed
Il aw

afety

Toxi c
utur e

wor ker s

Whi | e
study
to
dat a

r

g

e

d

e
and

O.-_ccc
OU o © o Ve 4o um N

literature
derstanding,

stressed
on

vail abl eod
of

G

&

Og

y

S

0]
raduat e

2%~ 00w c o
& s b
5 Sy T

Eo-— W £ L0 NTOXT e b S0 cs @7 _g°
%f [ tet_ tag c - — - ® 5
© =¥ o 5 "oqw © D E oS no n ® oS g
oz > 0% " o =) > < E®o
o =2 0 ae.naIrC|._l aSlunoagmneah =
Qo amv,emunw.bsrn 0%V o0& o = "=c T qun ® 5
O+ 0P () no..lnu . .|0.|n gS@lle_
L SR, e £=Z ~C < o® o
05 r%?%g - o = C Oamqgéena =
Qoo .+ m D o= OWS_ - 00 0P«
O ca o D COT 0 — . c Ty
= wa > s O oS A o® oSy =
HBthgr%n w0 o oT .%5& tgid,l
a0 L s 6 = o+ VS T L OE&x
Q.-£27d — 05 O == ~ O e, © o o
o elnvmummgl - hyletISle - o an%gthma ue (O] ..Lauo./r
anF .bamﬂqowreuo.sireni wan®f P tme ©®
Q%HIUMB oFPc 9T o nWIle.I s o~ @
- 3
%ef@ead?%F r.FgwwbaﬁeseirVg
Uﬂ&hmﬁgn%geeﬁgp% ﬂ%ﬁw gamU
- U =B U, Yo c o= B B ﬂ%% rQDntwnp
v oo o %O cC 0 E @wE nTT oo P T
— PO = N ) c L +—
O =E S @ g, T8 c - 0 &Pl .o Cc S @
Y—
&b%%?ﬁdﬁ?%la,a tEDQ§ﬁ%ﬁtnidQnF
c o N Cape® 0 oEa o 0P Cuwo L S0 0
G . 6 g5 oot Pawzo_ © O P sS O -V
OO Yo s - - € o = a
nrrdananOinnCnpr . _~wwun SvrS d&btar og &£
- .
ynEI.IO.Wn.Iae OE 0 0E . © P Bwo elawleeulonlumVJ&.rH
oo t? o sc o oxPo . SR o © O S
L EF > T e 0 o v 0 o dPo o5
am$mg%5$aWB%nt B Bl oo =- — - 2
- o _ S+ aawl cowo®_  F>__,orowm
OngeOFﬂQLO o] vn.WISvOet.LanWSnntgn.mGn@
nlbhtemerSd.| [} natTdoneaShmay
= . —_
CW ~ 0 © Mbtnr deiea o< ® ) Cm c
o ® anns “g @ Yo o-0 -g o=V xO0
erhnfoo © + etnCU)MdOICUtumwn.l
nnmeOyV neeo _DTc =z Wl..lUO c o
© [ - % o c =
- o > +— " - c © O~ [ [ 0U..l
Sriyees Mca nd - °Socsc > g X
Q= o © « E Sy cmc*c eeOdW ()
c (o] een = 1
E ©._ - © F—vwoSO0 = - >+35"_
- Scrco () +— (7)) [} (] [
- idaisr Yinoatttsngesgia
OE>cao®oO e”, c S, ._ o0 ¥ o n—0=.—-<
Sow—._cc © =z voa-cBaoo goc>cw
- =]
“pnZE =0 02 W>SNBOIT@e >3 5. 9=
» O = Cungd o S 0 = - - © =
—0oT oSwn® _ o — ccwoEL P yhp—cScSo
« oEo _o - 0w S —_ > c_+~o00._%c -
>@® .- - . cgo?o w ®._. OVOO®mMS—._O© =
— Soeas.rMHW QO e >0 = QO wo ¥
v .occoo_og<c L O0DCEB NP cna=
“XJECe_._g50C08 . 0o_0COVO_0~0_35 &
COno TEKRE @ — 02400 0O0w +« 80TwOSH
N_novcc-NOC-CcCc™m A 530« 00« OO .- CMO
NI © S SR S B o B o SO o) o2 ocNaoac €L e OO0 =N

000000000000000000000000000000000000000000000008100029

TECHNOLOSYERFAREERNATI GNARNALONUME7 UMBNER ,ALE WNTRR) 16



000000000000000000000000000080000000000000003000719dd20

ed to parti pate in the ppog c t i nhst ti n s S

participati in the projecﬁeﬁj gabd)'?néiantjustodarll gtI CLne
ha
a

ci
ng m
manufacturing, engineering tec ectricg
an 8]
d

el al , m
cal , civil d enV|ronmentaIPr ggnncednsr}arqjcfh
0] c.h ay

5

agement , an concrete indus a‘r% e e’nt i,°n

202014 academic school yeBP onh e Héq g eé apqeq;é%;;ta)%egee(rp'eerr
over 1200 student s. an expe oaad[e hat IS
ver se. Course modul es were de\
. hese changes. Research sh
Construction o f |\ﬁ0kc£| teoSfeeI pressure to act
ethlcal [ 43] . Further researcl
Modul es were developed byctuhe egtamctohbeadamoédndtoaadeat sl | K
reviewed by the Nanotechnoltogynw A®BWVisorhyaveE@o dreaielr (rNAD@®)u.r c e
The NAC consdewvetl ombnapepessaanidalresa&md cihoeral ) to resist p
ers from industries that preocgdwi ce namonmsagtrersisalssa ffeotry aaenrdo se
and materi al engineering. Tbhea sa dovfi sporreyv iboouasr dg evaesr atmpd sy e |
to ensure quality of the cempentsinohbbudedufies andwtof L
an industry perspective tomialsilsersni dlns vfaddedadp enqi alh ec hreoldl
and helping ensure that thRy cdM2%,ntmirlelfdrencitasl sc uwirleln tmackoe
tions of the use of nanomawerkabscel hdaddition, a survey

sent out to each NAC committee member to evaluate the
guality of the content for Restancalbugi vmempr cweanme ngui dTaanbcl ee
shows a sur vsepye coff itch emotdaud iessa fdeetvye | @gpleda tfioan for the curr e
each cour se. Once the modulcasiswerod exmpetrr entced ,witthey nweori
i mpl emented in existing cowrisads dty phaoatalH |iyn shtaivteu ta osisg n iTfai
shows a summary i mplementabiiomgofoinmnbheodlbasergpomndnaéadwo
vanced modul es i n existindcdhaenagbsheeti agt emtdi otne cshprammisg g y a
courses at both institutiomsn.d are unpracticed in systema
Tabl e 1. List of Introductory and Advanced Mod

UtTha'I'tyIWeerreC Tte;](:ts v?;ra;et I ntroductor y Advanced Modful es
TECH 3304: I n u n 0l2A. Et hi,c f. SC|e2nBce d iTceacthi-ons ¢

Nanotechnolc'gﬁpg fébB éo:lety r?gldo})t/%' Nanopfplt;pchnol)gy

TECH Aylimciples . . B Assessing Nanot e
of Ri sk Manap@m€ht 48B0Nali ndus3Ai afoSia¢eealy %m‘pﬁgztllsth and Risk
noscaled Mgterial s*

ENGR 2300: Mat4eA.i aBtshi cal MéBhoB8sswaidnabillity Na
Engineering Processes Devel opment
ENGR 2300: Mat BAi aNanomat e|r aIEs
- . n v ronmental He al
Engineering Manufacturl

MFGE/ EE/ TECH -4882: MMi crary 4 -
el ectronicsl Manufradtyur impd i g

I E 4380: IndJstAr,[lhe DQafeetnyt
MFGE 4367: R 3B. Assessing INanote
Properties a Heal t h and Ri sk
MFGE 4399: R 7B. Nanotechnpl ogy
Nanocomposi Management
No t*eAl | introduction and advanced modul es were used for TECH 3303 AND TI
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These studies indicate thatscmielnltérdnicalfd edrdes I[i4k9¢l.y Anoo nrge
even ignore, authoritarian SOTrEMs tarroengmhaynyhi womemc handl vapger
es to education. At the samecaridneng midl ehei atsdaes, fohai
respond well to clear strudther emsvaendaweaxyp Ifircoimt sstuupdpyoirntg S°

ing greater access to and tiemtseroac tbhiedanveewi ttthhei esmmphast sr g

val ue experiential l earni ngvi nmamechgarfe®umat iiwatterdadhy i @ nsad n s

purpose and meaning [ 48]. Hewe odn dnaSityr anuesws d t4B8d e ndtess cfrni dre

the millennial student sd6 pwhisomal intcy utdeaiat spraisorsipteyci &br

tered, c o nofriideanntte,d , t ecaomventbompeaet it ipwee sassduwaendc,e ment . [ 49,
and achieving.

Second, traditional forms of

Table 2. Infusion of Introductcioonnt empoAdvaync8T EMbddi sgiipnl i nes

Existing Engineering and Techmpaliogyi pl es, and in which teac

I ntroduct or y Advanced Mo|du uthorlty of the_individual b

§éive for |l earning when a st

1AWhat is NanpilBwhreroliegwy of |Odceumsat itchmadugh practi cal exampl

and NanoethicsRealth & Spafety] . This learning style is b

2AEthics of Sciempphndati pn&dofl €ssons and by integrating

Technol og) Nanotechno|o§pow the relationship of conce

mor e, Camacho and Lord [-50] d e

3ASoci et al |%pacﬁi?j't?]gR’i\‘frl‘(2§eer°\'ﬂf‘ﬂ'g°9|ynstitutions (HSI s) al

and advancing Latino engineers
4 AEt hical MefhoddBSunsdt ai naljl e

Processes|Nanotechnol ogly Aeslglé%mgrment of Student

5ANanomaterifal 35BEmrwvd ronmentgal Risks
Manufacturfing Assessmen Assessment surveys were devel
6 AEnvironmen6BEt hi cal and L@gnadi PYprPesety  at the end of eact
Sustainabi|l i toyf Nanotechn Lﬁ? the modul e -saumrdvefyo ucron
- p0|nt Likert scal es, four que.
7ANanotechnol ggy7iBbeMealotph ng as@b%'ﬁon, and t hree questions :
and MedicijlneManagement Prqggreadn There was a demographic
8AMi | itary an 8BPresentatiofs Mofd wlager@asndorcourse surveys alo
Security Im case studjeguestion to gather strengths &
9 B ] and fo%r the course. The open

an-dstralnln%ln s.a ? . f ti f
9ANanotechnol o handl i ng pr fec ES&ESL 1ot VE I nTormation or €O
Distant Ful engineered nlan®pdudi€Si.esThe purpose of the st
(engineering| d&atostd ppegyceptions of learnincg
and for the entire course.

A significant goal of this project was to encourage an
mentor students from tradllO(Or{allaCutn eOrlepr @SfentDatgraou
to pursue <careers in engineering. For this reason, t he
searchers integrated teachipgstecthni 6485 RBUi 6Wr 8badgide s
research suggests are partijygs!l aptdi hedpfuh ttwe Sfujciht eSetnu dh
These include group projecttie-odnddit 81 80r Wé Py PwereeS edir CHe
and wristedi esaseguest speakerlncy tthedissuGrihfast iived UWdsattray., Then,
government, and experiencegnbtir p@reet §ihde quhherta¢cade My: dat
well as other interactive gggynbﬂgnaepfgaacbngj;oﬁuclmags,pf
di scussions, pl ant tours, fadd elaachho rqauteosrt¥i poshd i fioitrd et ahnBee shedrididu
search indicates that the g@,s\e@\ygheAﬁ ERUL dn dae®d ¢ d | NiFa Bols
pated shortfall in engineersoupst hgi tUn Sst'ufddee‘ﬁp‘tt@rﬂet'i@)de$a:‘ﬁb‘?
as engineering students commluatigad atth &lier d&dar)e €osf ithh e NPt N
ing. A significant number @hnotedaRbPogyhaa ggyncggrg@rs
in engineering and STEM -fields, compl ete degrees in non
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Once the data were collecfTedl eemdd @&dgeeport developed, th
project team met and read a|| ta i,n _the report
considered feedback from t Rgépor}denr?mgk Y A9 necessary
changes each semester to enhanceAQEhe gual iNoy off Relsl@ o madbelr
ules. The information from the rgpgrts wajs usgd to |gener
the official report to the—>projeect—di+recttor—at—thel Nati
ence Fo-Nadateohnology Undergraduda®® Division 4
for each year of the study 31B5 3
i 240 ¢ £ 2t 4ud
Demographic Data and ResUuUlts of Student
Perceptions Table 5. Ethnicity
Demographic and student-pprrR%quoinndneqn,tshbayqur}hH'nC'rtryp end
oft hsee me st er survey, are prlesentfktdhniigittyh|] sNos.eotfi 8aspohhen
data illustrated covered summer -20L7Z, fall 20,13, and spr
2014. Additional results (thow easy were the modules to
understand; overall qualitly of\fYMOCoﬁWIémQﬁa'tCe?‘rﬂiéls; api |l it
providaeritealexperience; anfd ovatadd phatdingg of the
course), are also included
Ot her 1
I nstitution One Table 6. Major
At I nstitution One, the i pnstRespboderutssebyaMaj oorf thel intr
tory and advanced modul es [T oOTr ECH, 330 @gnd TELH d
4313 ajJ or 0. [0} espgpon en
I ndustrial Tpchnol 4gy
hics of Res/pondoetet s : ECH
duct

;
t i on to Nanotechno
y Student Pe

toi

T
I
;

| ntroduc 0

o)
cemmti ons:
n to Nanot

Tabl-@si I3lustrate the demographic results from TECH
336#Antroduction to Nanotechmabpsa® Samm@dryi AsSusmmedentl perc
Session) at Institution Oneg.oufhher e bwepesd Rd5n Ed KEKRNé&caneo
for the course, with 15Fent tdants ¢tbmpl ¢thiengtuldenstsr wey e
Table 3, the majority of medpbadenaasy ftor utnhdeer st mmalt i va
course data were men. Tablfeousandi Itlhestqruatildd yt odt modoel e ma
slightly more students who9 repows etihato ble tmajdoti ovwalof s
dent®23)J18han the other agecqquiba®smpdul enhepecovi sled Ta-for
ble 5 shows that TECH 3304i mtaadwaonelade eCxapuecraise nacne .s t Tuhdee nmaj o
enroll ed Table 6 shows thBECH h®3 ®4 weatee dnotrhee T oOtulr esredo exitc
dents (business, managementof &hed madsl ag. majors) than ir
dustrial technology students enrolled for the course.
Table 7. How easy were th modul e

Table 3. Gender —
Understandability of the Modul es

Respondents by Gender Likert Scal e No. of Responde

Gender No. of Respoindents Neutr al 1
Mal e 10 Good 5
Femal e 5 Excellent 9

00000000000000000000000000000000000000000000000000890
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Table 8. Overall quality of mdawlle ma&t erAigel s
Quality of Module Materi al Respondents [by Age
Likert ScalpgNo. of Resplondents Age No. of Responde
Neutral 1 183 15
Good 3 2480 5
Excell ent 11 340 1
Tabl e 9. Abil iwtoyr Itdo epxrpoevriideen creTalb|l e 1 3. Ethnicity
Re&vor |l d Appligation Respondents b Et hnicity
Likert ScalpgNo. of Resplondent &thnicity No. of Res|ponder
Neutral 2 Caucasian 12
Good 5 African Amerfican 3
Excell ent 8 Latino/ Hispanic 5
Table 10. Overall rating of the cod\Sd@n Pacifjic 1
Course Rating Table 14. Maj or
Likert Scal e No. of Regppnrdents -
Respondents bly Major
Neutr al 2 -
Maj or No. of Res|ponder
Good 4 -
I ndustrial Tegchnolbgy
Excell ent 9
Ot her 2

Demographlcs’SPrTIE@h-lp43315 3 of _ _
Ri sk Management t_udent Percerﬁt!ons.
Principles of Risk Ma

Tabl eélsA 1slhow t he demographic results from TECH
431%3FPrincipl of Ri sk Manadeamémslss IpgrovNdrosSeadaéerd perce,j

es
Materials (Spring 2014) atal h@awiintutliioherdnesc allhee.r eT anelree 1
students enrolled for the ©durntde, sdfudwmitsh r2poc¢d mpll dthed |
survey. Table 11 illustratesfastyhadto tcheempmaghoernidi.y Nifneateysppe
in TECH 4313 reported theygowed eormealxe.el Temteon2eaneowef U
t hat t a@gaeidt isotnd2dBe nytesgr s1 8ol dt hatompdb wsefl the students rate
the majority of respondent®atieritdales copuaodetoTaktel 18nts.ho
that ethnicity, 57% of thedentdéntpsrcepbithgnt oé-wdhedene diud
fied themselves as Caucasipen,enhe €dxangpelsas/ ciomgleaat ewhai
group, while 14% identifiedtademtis ircamk eAdnetri &€ amq d wl4e¥% agso
Latino, and one student asi nAfsoramatpP aocni fa lco utiwaasnlds irwusd sghhot &
that the majority of respolhdbhes 1@esdoiwsduditarti a&lh et emah noorl
maj or s course good to excellent, when

into the cour se.
Table 11. Gender

Respondents by Gender I'nstitution Two
Gender No. of Regpom®eng@sted modules were wused in
and technology courses and one
Mal e 13 tution Two in the spring semes:¢
course is a required part of
Femal e 8

0000000000008000000000800000000000000800008300007109d0029
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dents, and the project modulTad|l werld® perotwsoft haats p eacti aln sste
with registration restrictpdpuloateinogni nweas i snigg nainfd ctaend hryoll
student s. tion with experience of the ne¢

20 shows thatagelte studdnti propl
Table 15. How easy were the mdduB e sodtadrs u wdiesr sttlred™aj ori ty at

21 shows that 53% of student s

Understandabilijty of IVIOduIeﬁeriod reported Caucasian as t
Likert ScalpNo. of Resp ned%m as benngefipeherat e
spanlc and-Admed %cware TADLI
Fair 1 shows that, for majors, 52% o
sections covered by this repor
Neutr al 1
Go o d 8 Table 19. Gender
Respondents bly Gender
Excell ent 11
Gender No. of Res|ponder
Table 16. Overall quality of medute—materieats
Mal e 397
Overall Modul @€ Quality Femal e 3 2

Likert Scalle No. of Respaondents
Table 20. Age

Neutral L Respondents by Age

Good 10 Age No. of Reslponde.!

Excell ent 10 183 379
Table 17. Abil-wbyl doeppevidacleeal 2480 80

Reavor | d Applidation 3435 13

Likert Scal ¢ No. of Relspondent s3&0 5

Neutr al 2 40 and Abovi 2

Good 7 Table 21. Ethnicity

Excellent 12 Respondents by Ethnicity
Table 18. Overall rating of tihe COUES §njcity No. of Reslpondert

Overalll Rating of Course Caucasian 255

Likert ScalleNo. of ResppndengfSri can Amer|lican 46

Neutr al 1 Latino/ Hispanic 139

Good 8 Asi an Paci fl|ic 14

Excell ent 12 Ot her 25
Demographics Student Perceptions
Tabl e2s2 1d9%e pi ct the demograghiudenes plerseptodn SL8Ff erortha
dents who were enrolled innengdoueeoryg andda@ngnaoeeér had:
technology courses and whojpaxpgrhesded nthhe einngtiengereartiinogn
introduction and advanced pnaoagtechapl egxhnafepyy medulnesst
at Institution Two. There wéeénné&sS5Weret-peeridsbakaoct | 9@alf @
courses with the modul es, of which 479 completed the sur
vey.

00000000000000000000000000000000000000000000000000890
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Tabl e 22. Maj or DI SCUSSi on
Maj or No. Respo*dents
Engineering 250 The data presented cannot be
_ . tions that may offer nanotech
Engineering Tlechnol7@gy Tabl es5,23tudents at Texas St a
: nanotechnol ogy safety modul es
Computer Scijence 2 gy, engineering, and engineer.
Science (Physics/CheénjLstry Bi o/
Mat h) Students were exposed to a d
Ot her 115 t han Iea}rn|ng the typical cont
and engineering technology pr
students were able to establ i s
Table 23 reveals that thenmapgy|hy]dofwhatucﬂ;e/rptespe,rfcqp;tcihc

from trhei nfti viei ker t scal e wenratnod®achntod® ogxycelHuwernttherinor e
dicating that the modul es \g@rreawrciettae.rm Wathlgessf bfchantl d

and at the correct | evel to faci itate Iearnlng Tabl e 2
t hat the majority of stude rece o from Texas St a
Uni versity indicated good ¢(9 ri(;t Li)gnt the quality
modul e materials for the courses. abl e 25 shows that |
majority of student percepthleonpsroll%%l'i WaedSUfgS&sFd Ult of O
fexcellento for thewornlisd rendgesrfis-t Upt 80i PiNeg amdal nsti tutic
ence illustrated in the moddte&dratph® nmdjf o rNjagno tesc hingpd oJiyy
rated figoodo to fdexcell ent®O oln@tuesianlg Yt Hd T head &I d SNPYATL ik Y
engineering and technology 9o LPrsge's”eaetr'lnngs't|et”u9t' Ngere 7 wgd, t e
nology progr ams.
Table 23. How easy were the modules to underst
Understandability of Modul es

Poor Fair Neutr al Good Excell elnt
ENGR 2300 MODl 2A&BA 1 5 19 4
ENGR 2300 MOD 12A & 3 A 1 6 18 5
I E 4380 MOD 3|B 0 0 0 10 4
I E 4380 MOD 4|B 0 1 0 9 4
I E 4380 MOD 6|B 0 0 0 6 8
MFGE 2332 MODl 6A O 0 3 19 4
MFGE 2332 MODl 9A O 1 0 10 10
MFGE 2332 MODl 6A O 0 3 7 9
MFGE 2332 MODl 9A O 0 1 5 11
MF GE 4392 MQD 3B0 0 1 4 3
MFGE 4392 MODULE 04B 0 0 2 2
PHI'L 1320 MODl 2A O 3 10 37 25
PHI'L 1320 MODl 3A O 2 6 32 19
PHIL 1320 MODH 4A O 1 4 17 17
TECH 4380 MOD 3B 0 6 15 17 7
TECH 4380 MOD 4B 1 8 7 15 2
TECH 4380 MOD 6B 0 3 8 13 6
Note: OAOd modul es=Ilntroductio 6B6 modul es=Advanced

0000000000008000000000800000000000000800008300007109d0029
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Table 24. Overall quality of module materi al
Overall Quality of Modul es
Poor Fair Neutr al Good Excell enfgt

ENGR 2300 MOD 2A®3A 0 1 22 6
ENGR 2300 MOD 1AK3A 2 10 14 5
I E 4380 MOD 3B 0 0 0 8 6
I E 4380 MOD 4B 0 0 1 8 5
I E 4380 MOD ¢B 0 1 0 4 9
MFGE 2332 MOD 6 A0 0 2 16 8
MFGE 2332 MOD 9AO0 2 1 10 8
MFGE 2332 MOD 6 A0 0 3 10 6
MFGE 2332 MOpP 9 A0 0 0 6 11
MFGE 4392 MOD 3BO 0 0 5 3
MFGE 4392 MOD 4BO 0 1 2 1
PHIL 1320 MOD 2A0 1 7 33 34
PHI'L 1320 MOpP 3A0 0 6 25 28
PHI'L 1320 MOP 4 A0 0 5 15 19
TECH 4380 MOD 3B2 5 14 16 8
TECH 4380 MOD 48BO 5 10 15 3
TECH 4380 MOD 6BO 3 10 13 4
Note: 6AO6 modul es=Introduction 6B6 modul es=Advanced

Table 25. Abil-wbyl toeppevidaceeal

Red&or |l d Applicability
Poor Fair Neutr all Good Excel l elnt
ENGR 2300 MOD pRA&3A 1 0 14 13
ENGR 2300 MOD pLA&3A 1 6 12 9
I E 4380 MODU 3B 0 0 0 8 6
Il E 4380 MOD 4B 0 1 0 8 5
I E 4380 MODU 6B 0 0 0 5 9
MFGE 2332MOD 6AA 0 1 3 14 8
MFGE 2332 MOD PpPA 0 0 2 8 11
MFGE 2332 MOD PpBA 0 0 1 8 10
MFGE 2332 MOD PpPA 0 0 0 4 13
MFGE 4392 MOD BB 0 0 1 5 2
MFGE 4392 MOD pB 0 0 0 2 2
PHIL 1320 MOD PRA 0 0 6 24 45
PHIL 1320 MOD BA 0 0 1 15 4 3
PHIL 1320 MOD #A 0 0 2 7 30
TECH 4380 MOD BB 0 10 9 16 10
TECH 4380 MOD #B 2 4 6 17 4
TECH 4380 MOD pB 1 2 5 13 9

Not e: 6A0 modules=Ilntroduction 6B6 modul es=Advanced

0000000000000000000000000000000000800008300000033008029
INTRODUCEMW®! NEERINNDBE CHNOL A& ORSONANOSAFRNYETHI CS 13



000000000000000000000000000080000000000000003000719dd20

Table 26. Overall rating of the course
Overall Rating of Course
Poor Fair Neutr afl Good Excell ept

ENGR 2300 MOD 2A&3 A 2 0 14 13
ENGR 2300 MOD 1A&3 R 1 6 12 9
I E 4380 MOD 3B 0 1 0 9 4
I E 4380 MOD 48B 0 1 0 10 3
I E 4380 MOD 6B 0 1 0 6 7
MFGE 2332MOD 6A 0 1 3 17 5
MFGE 2332 MOD 9 0 0 3 11 7
MFGE 2332 MOD 6 0 0 2 10 7
MFGE 2332 MOD 9 0 0 0 6 11
MFGE 4392 MOD 3B 0 0 2 4 2
MFGE 4392 MOD 4B 0 0 0 3 1
PHIL 1320 MOD 2 0 2 6 37 30
PHIL 1320 MOD 3A 0 0 2 30 27
PHIL 1320 MOD 4 0 0 5 15 19
TECH 4380 MOD 3B 1 7 16 12 9
TECH 4380 MOD 4B 1 6 8 16 2
TECH 4380 MOD 6B 0 4 9 12 5
Note: 6AO6 modul es=Introduction 6B6 modul es=Advanced

The studentsd positive respenrndsdax fhredm twhda hc-B bh&s ecousl it fi oveay
at both institutions may shedtheé gt S.onTmiesv iksnomwd edegde ttdc
students were excited to rdeavees foradvadirkieon,angt upduebnl tisc
have welcomed new and i nnoamd i wse ionff onrammaotnmiacrerprad wi.ded
through nanotechnology safety courses that have not been
part of traditional STEM ch\uésreér bnrt]ecgéaéed l earning, r
tition of mat eri al in var.i student ent hu
and engagement are al/l ind| of tt r r.ni

ments and are strongly—tcearrnr[&allg?g\"‘ga:nc?/gne'tstﬁlv ei zagﬁa)lowﬁno
learning &uwjcomes [51 [ 2] Marchant , G E. , Syl vester,
The efforts of the project t(e%&og)nd RN'A E%%%g?rﬂ?%t pqu
ject t oeswasrtdaisnealbfi | ity and 091 A Prétlh S

tions to strengthening eng' 2 1rro,e% |n%er|lnébwrteer1:(h% "(5
and industrial technology pro f)a dt”tg |Vst|

next stewpstiai rsaedifl ity for thi ch’ra UG gt q1 ?}]Ee
continued success, is to btl 1d:d t‘qrrl?‘)t"@o‘zrI3 J‘ rb reV|
and renewal , so that new 4f arﬁatrl nEbe §‘ng gt" a o
modul es. An additional challenyg zebﬁ t B @ '|r}161trk=)gga t'ﬁdnsg
knowl edge and-t eami gnetmben§ wgop' ?JF of Texhh D¢ e
and teach modules in their s""eI Sao[metsyt 2qudb) T%vcbyal
haps the devel opment of these Y9 Sels! ence% NA4t04 hnc
faculty in other STEM areas O{;UBFEBBQW@ 'n?f%@tdeemnolfog
safety modules into their ou %MNe Through this project,
educational effort of NSF, the project team has planted

0000000000008000000000800000000000000800008300007109d0029
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Abstract into classroom di s c usnsonotnhs caof t
-op term with the corporate s

. were divided i rStecctt woeSesme dioiBan

In this paper, the author SR TuGSee tsS r@gMt a8 PePgr Off a(c?édérﬂitce
ing industrial projects intmcbnellrhsenglzionreeer)g d(ieq,l?rn\ﬁﬁsetnu-rdpeﬁnet
of this approach were to bpip nbh%lﬁégﬁrst'i e SO.fh o&N9 T NEreiT
the field to the classroomsaenccfiirﬂprsotvuedetnetasg \A/d@:rgrkpe?da‘;/veilr@ﬁr‘
processes -ltifreouwghojreeals, Whieélel t%@sperl}n:'t e SBPU dlePts ret ur
i fc tnrough real problems Shi §eal sd3hen, &N e%asmg)ogmlqgﬁa
faculty partnered with indmg}%gvggpermta% tqiusde‘?ﬂ?%r c%cnhdu‘
intended to make the cours (ithr—rd)?nrb"p@?]%%?%'r\‘/vgh'enar?q MAtsh %
ing to the students, as webl aR Ta RPBIK RUCLATIbY phd) B!
and demonstrate the wuseful QYS fui'slp?igpe%&)()ep?igg ?‘bd‘i’ir
The jluenvieolr eadrdpau:iteerngineerim%tgégghdgﬂ FS®ills in creati.\
was used, where several aut @?Eib‘f/e aacrhseivr?q] sttrhiealdéa iorééJoC
were chosen for the homewo anscselgn |tneaenrd. treyrem RS i%0 ¢
jects. To illustrate the u %vgﬁobﬂgﬁgﬁﬁh?ﬂﬁdm@%%bog Ia 0
case study of a windshield;wiget ?yﬁh?mi Wap, provide h
students had to take on rea char1 enges to solve enginee
problems defined by the indT%setraydv%?wrtta %rso'\‘ntﬁihg ad £ahi
product design and analy3|0'sus Faacn“dl tayff%rl:i ?’iﬂéd%@tu%eﬁp r e
industrial facilities to bgé{rtier{er%ndearsstsauqrpma}rﬂ%e(&)_rtgéilug\;'v:s
engineering issues, and endiynggs LL0MahN G oGReDP A ncide o
to the university to delive I%uneSts | ectures. Strluctur al
yses of the products were cﬂarcriegda out usibng t?e fjniIeI
me nt met hod (FEM) | mproved deosuirgsn("fsS wee Fr.dplosd 'l?f".o
the students for materi al savsich.rgss I@osatcard (ﬁnﬁgtlaonn, She' N
tur al integrity. Such coll a 0%’[’“98% E%BS[H%%‘EH valuabl e
ing experience for the stud nstsu%%%t_ nhhhcd l?h‘e?rwg&?%bw
solving skills A course assedEMmbAD WAs!HEe@! 29SS MRATyur e
effectiveness of the approadh/he prsoobiveirmg process allow
the professors as |l earners

| t d . demonstrates that | earning
n r o uctilon T The 1l evel of classroom di sc

i mproved -iwhstnr vlactcoor i's t her

Kettering Universityopdrfetrisvepnenef atnfie alsxr cheys tf ocro cl ar i f
educational programs in the Up&neflih@i £10rP@r agteudsPm®PNSOTr §h

Kettering Unpg vetrsdernytdts icmc | ud ealatidg thequedlonsor mayAdck-confidence to ques -

my , Gener al Mot or s, For d, Fi atio@Ghtynel erofhdsompbi WhRe, i @&s
we | | as aircraft companies andgt fdeernit's sHPPd i €rhé bPppbrinst
United Technology, Mo o g, I BM, woWhiidr IpPeo ojlj.k eaatk t @t ergr GQQ at

other companies. These companites; gt hatnesPRNAPr aKAL I REPDNE
Uni ver soipt ysotsudceont s r ep-sesthnbdnagpdgivpee eSr€ nCgf OpSrSo b | e ms .

of u. sS. i ndustries. The Chaﬂ9§tsuéé‘r§‘ttshkﬁav\f*‘eb FNd trndKd e 9s Pol
in these |ndustr|.es, .|nclud|npgroefveoslsv0|rr§g cloh ‘é%torr%tf‘ﬁﬁdﬁli
chall enges, ar e |mmed|atelyﬂr ofrlkeucntgedwi'trh th §fe00m

Kettering, because the studengtjs ¢Rrizng }Srfllouaé/v&g(bele PgEt ¢n
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members and students, andf tAlpe | ¢ n tchourspiua sam i mankad s ttehcehni q

classes more interesting. t ems.

T I't is beneficial for comgabDeemdnbor hoageefmboygt dvéf enpemu
solutions to engineering ptebhemsabt preyemntyat ioovn < oasrid
or , ideally, no cost. Very often the students | ook a
the projects from very @iu‘fq—r@rhtt p({:rdselercéieves,i twrmia:fni
mi ght | ead to innovative s i ons.

T Companies can find futureD efchrmttse tfhr%%gvléehk |@§\ (e'ﬂxqsr
of interaction with stu% rpa a qugg 2V 8
the opportunity to see if eKhE .%%mp%%'s%ﬁnbmdmeawwbs
fit their future interesgtes opics, including parmametras-

Certainly there are a | ziqg]f,blgaharUC;I?eevnledenggsSleni]lblil‘illrseStlteuafjcgfgl

model , as noted here:. each of the components i ncl uc

T The schedul e of unlver5|rte){aqln%$§esp|rg@)é,b%n}ﬁercyaqkf-A
Iferent from that of the jgULMHN By ad Unfatt eddevperlooppen}emyt_/
aunch in the companies¢olhepptonheoj ble CRATLEE e Pfr
priorities in educationadgyi néttittfjr‘éeéss"‘é‘rqbliwdl“é\?éliaéoci
pani es will have to be raeosjodsvteedd aé‘@t@rﬂéteie@alulp)?,”'based

f 1t would be difficult fporogw@ldoiPeartiinges |lehgehved thet€
professors and engineer g,gadministration, and man-
agement were not compatibl e. Faculty should never
be forced into teaching ation.

T Preparation time for su t ed
and the |l ogistics can b

Compwtiedred engineering, of s

the use of computer techno e g such

design, analysis, simulati,| ? is co
was used as a template to met ho

gy . The CAE course include 0, t h

areas |isted bel ow:

T Compewtiedred design (CAD),
ing and assembly model inr

1T Stress analysis of comp ng
finite el ement analysis

T Ther mal -falnadw fdmualdyses us‘inyg computatronmdal
fluid dynamic (CFD) Figure 1. Valve Assembly

T Process simulation in manufacturing, such as casting,
mol di ng, and forming Over the course of the subseq

1 Compwtidred manufacturingti O8AM) focCsuyschi sagn developing
graphic numerical controllh&ndesiign of parts and assem

9 Optimization of productsNiahb9SorofproERAsdks introduced =

tur al components Students pel

CAE, a-l euveliomechanical ena'f"'ﬁ%@rpﬁgt{:agbt'c% lsesolid me

of fered at Kettering Unlveﬁgfjt99mﬁ)§r%sterbetaonadleyrﬁo'ncsatl aSt O¢l

process of incorporating itchLP§trdieaVIe|Bpepebf‘s.thel'heEAcouor(

l earning outcomes (CLO) of?2 CREOWS et & sterge SpSe | AW T OYponP |

completion of the CAE coursteh's_stupdre_onbtlsemviI‘P”‘becﬁﬂléeteo.tha

1 Apply the fundamental prEVEdiMPilds Yot NSt aStiitcthsd tad OgN menhe
chanics of materials in ;e%'gﬂendeefrrﬁ(?l@ @sttleEe oilrr;”elarnafr

1 ésgigmsm.odern anal ytical 3§§ﬁgrﬁ?ﬁg%%|g{touree hEanlcfaIFIgur
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s s S R great success. The process fo
Vil o el | aboration involves the follow
T Choose topic/theme
I..m.e.w T Choose industrial partners
i SaE003 1T Define course | earning outc
1.3910+004 f Outline matching/ mapped act
T Choose project with input f
e f Choose guest |l ecturers
{-08zet00% T Provide field trip at indus
9.276¢+003 1T Design assessments
| 7.7306+003 T Construct timeline for deve

6.184e+003 scenario-l, Solution ], SUBCASE - STATIC LOADS I
Stress - Element Nodal, Von Mi ises, era g
Min: 3.396e+002, Max3: 3.173e+004 Io(‘/m/\ (psi)

4.638e+003 Displacement - Nodal

3.092e+003

L

I 1 .546e+003 3.173e+004

3.178e-004 2.888e+004

2.602e+004
Post View 1 WORK

2.317e+004
Figure 2. Finite El ement Anal

2.032e+004

model2_sim1 : Solution 2 Resuit
Subcase - Static Loads 1, Static Step 1 | . 7462 +004
Stress - Elemental, Von-Mises

Min : 0.09, Max : 48.54, Units = N/mm~2(MPa)
[»! ion - Di

~ Nodal Magni | 1.461e+004
48.54
l 44.50

40.46

1.]75e+004
8.901e+003
6.0472+003

3.193e+003
36.43 I

3.396e+002
32.39

Post View 1 WORK

B 2 Figure 4. Finite El ement Analysis
,;;., Table 1 shows the template o
- where the weekly topics are ta
. hour <c¢class periods per week fo

can be modified for other cour
-Iy.\
o :
= Best Practices

Figure 3. Finite EIl ement Analysrihseroé gr%asnt\aeﬁy':rcaf’lnglellenges i n

teachlng. Some of the best pra

Proposed Course OUtIﬂ not underestimatetimer

T There wil!/ al ways be Afires
Figuresshbw that these assiqgr@ept @‘hecbhﬁf\gthaf‘an; W I
and gener al engineering P"Obb%ﬁWnglfitfrtohn? mahdgement caM
solve by applying skills ingegdphd@pdi ngpgdestap %%%|?eﬂ ¥

I'n order to make the course mopLg: LUrdeedtpoie NG9l KN L

motivating to the students, I Aryﬂétt?#nﬁ%?'é t £HA f@s't

students and demonstrate the ugg Hitllqtgss o} t he theo ry, t

was a strong ne—Ieidfetoprbdjientgtt r,orne atl he

studewtpsWoac&k to t he classroﬁ gETéhte?hSolt? éeén?; g%%;affthteh

course outline and templ ate d&éntolpértlra this approach wi
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T Set clear goals for the 9§ e\insitthaitndaulslt rmerhb esrist easg raened

upon, and then ensure thatastmuabtasi poesi blead to tho
goal s. T Present research papers.

T Communicate <clearly and 9fhoHaevset Isyt udenssiryevet mendperfo
grow stronger from conflictt.ations for grading.

f Honor individual and team Puecens phopeghsadminis-
trative support.
Assume responsibility foC hasegikdn¢dg tol es.

=a —a

Be prepared for team discussions and wor k.
should

The foI_Iowingj i Ss
Table 1. Course Templ ate of T(?Japcohn' ngewlotrt‘b |H‘I g§hr Ed(pef1 Srder

Wk First clagds pecomd cl ags MAekrg odhe team more efficient f
: . ﬂ What is the scope of the i
Introductionoyg.r\é'le\évs. ! :
L /| Sel ection oPrOJr?)Cf’ic!V Iéa?nggﬂléee i
prBERhELLi OF are the I T requirement
hat is the approval ti mel.i
2 |[Lecture 1, alsecgumenﬂ,lasmq]nrpe r%formatlon obtainabl e i
3 [Guest tlemitarrfh 09" ess relocrt/ﬂr:JrIesS-_there a confidentiality
on projects projects?
4 |[Lecture 3, adbkecgomens, 3agsidintheSnti 4 an appropriate |evel
- background of students i n ¢
5 [Lecture 5, aAssgammant bexa ﬂ Wh a t materials, books, and
6 |Guest -tlegitawrecture 6, agsi dinm¢hna Hr ovi des what, how to ¢
7 |[Lecture 7, aBngumenB,?asmgﬂnrM\éhnot ghould teach what? o
What content should be divi
8 |Lecture 9, a%%?é%ﬁn%ﬁgigpc”/ﬂp%ﬁsat content should be taug
J T How would the students' wor
9 |[Progress ReviAswessment/ ejamd Who grades which papers?
10|Lecture 10, |aabjg@mand A( - What is the grading system?
ll|Lecture 11, Bestgnmemﬁ,lassdgnsm%ntSltzudy_ Wi ndshi el
FinRilnal presenFahabnexam .

] ) I'n order to demonstrate the
Gui del i nes automotive windshield wiper s
project was chosen as a case ¢

Guidelines for both the fwiicpuelrt ys yasntde mgue sitn |eanjult reatsi oan

summari zed bel ow: used in vehicles to remove cor
fProvide time estimates armdoo i eamtdatdiiornt fforro nyutehse wientd sy
e®de a coach. typical wi per system consi sts
fAttend all class sessionst Oyittrha ngsyfeosrtm |telce yrrdetrast i onal mo
fHelp the engineers to ntdoerryst”%ohtd' OH‘OW""ncSiura Bf"hﬂeﬁf
|l earn best. of the windshi d hat must bw
fBe approachable and seeka %gmlaé‘lda'fﬁgdtpyckfefdeorrﬁ‘lstm‘)tor
dent s.
fCommuni cate the plan of de_l_lh|venr V\r/]gC}\Eeplr%(J:te%rtesw'as the

. . . anal ysis of automotive windshi
SUQQGSted ACt|V|t|e(§esigned the main components
critical component s, such as \
e following activities afrén, VerltY . helitmfeulenfgdrneleatimh gt haen:
y and guest Il ecturer: ing FEM to meet the product s
Di scuss courrseeadiompg.cs or pr e

Th
ul t
1
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sented the projects and wr the e
the ter m. The foll owing st ess @
this new teaching and | ear

Figure 6. Wi per Arm and Bl ade Ass

Figure 5. A Typical Wiper System

Step 1. Definition of ni ng
Qutcomes by Faculty an

It is critically important to and alig
class activities with the stuc yut comes.
this course, the studentso6 | ec ncluded t
foll owing items:

T I mprove-sprlohIngmslkiiflel sprion ercet:

T Apply knowledge |l earned mingueRgvnemrraimed a M@ CAiavitC Siousi ng
T Apply engineering pr|nc|nlpc‘ t o rernr‘p cnst i n mat e -
rials and manufacturing, i e i 5

f Apply skil tas died eomp nteern

1T Develop environmentally o)

Step 2. Project Ori e rer s
For this study, facul ty t o ptive
wi ndshield wiper system ex ieon rpro
ucts that have snow | oad f @ oszon A typ
wi paerranntdl ade structur e. Fi 7.849+000

wi per arm and the | ever ar | sieom aft t
is located in the pivot ho sz hous
assembly includes gr-o'mmgI,"x.euze*ooo

ings, spring washers, Pi VO™ eiezeos stud.

St ep 3. DeSi gn and FAGL@L }éSiWiSperOfArmV\éit neQ§ IBiiserli
Wi per Systems by Stud ents SuperV|sed

Jointly by Faculty QhﬂaffipE " g 88 TaSiaate 4 hee mo

-r Bl
) o mounted on the pivot shaft,
Supervised jointly by thetfn@cqnl WY1 @emher g nand i §BHYI &'
from industry, different PWPJFcio§63m§spBéFPbm%Qné@e'évé
designs approved by the te@gdigg@grdeL@Mandi grEFI ShHdPnMs a
e r

e
depiction of th Stress anaighsirs aqf ptrhoepe"YitHees,artrﬂe[ 2 p3e]r
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Iution |, SUBCASE - STATIC LDADS | scenorio_l, Solution |, SUBCASE - STATIC LDADS 1
odo on Mises, Average spl ent - Nodo
i i

2213 L8305 T AvaE THES) Eihggy Coce it 78GR o ends of t he rod ar e f r-reael It o |
joints. The external compr ess|
centroid of the cross section.

[Post view 1 woRK Post View 2

Figure 9. Pivot Shaft Stress n D%f(?l_rlmatv\)lndsl?1 e'I:%AWiper

i ur s with
Step 4. Solutions f . .. . 2ms
by Students Supervi / cul t
and Engineers H,& /
.
Figure 10 shows how snow L: | ,r on
wi ndshields in winter. The al ly
the wiper arms and blades ppnglyretherefogiGyxibhe® Wink@fgeSYSt
l oad wil |l increase significantly. Such an excessive Il o

often referred to as snow |Ip@ad,hewilldade auss e necirtehagsre df, a tais®k

catastrophic system failureg.npheFimhured i 9 skowptarknekhen, K re
er arm illustrating such a whgiclhurtéehhe rod deforms | ater al
rod supports the |l oad via bend
this transition occurs is ref.
APcr.o Pcr can be determined |
tion, L, and Youngds modul us,
by Equation (1) [8]:
2l
P:pT (1)
Figure 10. Windshield Wiper undere Swiopekoddi Bk &gki mMmlecdhani sm ¢
Rocker Arm with the flexible connecting
) both ends of t-mel déedakpygastaie
Flogure 11 depictsila, phdpodgdn s@ikddb@dbifdints [2., 5,
research of the current au r|aPIrwsthoeI'eSct%ldS‘beFh?héanlllIté(
structor of this course. '”ﬂtRheissi niIé[&'ééiriait&é’tni*or’i:hetH@Fﬁ]
represents a snow/ice pack at?/vcb‘iegh'i?e cowl screen, whi ch
restricts the nor mal motionﬂ afi phey )_F\éF?rn_ B P0SSr ddia ayr.n
have contacted the restrict Qi Pj oadi%g i n the gg
increases as the motor torgq e querr acohnetsentth? ;o orgv%is
torque. However, once the <critical FBAGETS %8 chedVSi' P ™
connecting rod, the rod wi ITIheblr"n%klo?’onilé:m}nééﬁgnlacna)/l furrtl
increase in system |l oading, t%h e %'h a_IIOW|ng t'h RARP
|steJ Rer e? .
rotate through the reversa IEs|5|t|.on d Ithe |4I3 léfbtr?tel
connecting rod -bsclslhodvnca)lmfﬂgl r 3pioisah . MO u S -
Figure 12 depicts a connect ngltr'o”bat(?fsltélerﬁ'tgﬁhL,l}ﬁ% MR &
sectional arsa&ct Ao n-cafmo eneciritoad sSt rain at fracture: . 6%
The elastic modulus of the Wa3PR&Giafii ¢ s9rRe/ddtYed laf 2AED.
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The flexible connecting r oodf udnidreercgto edsb sae rmaati imum wasnsiube
l oad of 1000N at motor stahnldi c&i gus ewdrde shaelwesc theodw ftrhoem
stress and deformation are[8hl cUdlhatsed aldy rtitbat ®t5u dveerrtes  uls

FEA. diverse backgrounds, perspecti
the efforts; 2) valuing roles,
Assessment supporting others_lnthe rol e
effective cooperation of the t
. ensu goal s and, procedures. T
~Tollmebasurte t\he' ttehchntlcafO rcoo_lsreresopfonosr{trjr’gdepbﬁls a\sntan .
ncot taboratorso 1n € AR AR Q) 8CKhowk"EnBSaBAPMERT MG
Tabl e 2. Key Performance I ndicator Rubric
Accompl i st Exempl ar
Listens| tAd mtyme-rnaVkquS%usltl_gbfkgt:Lnigstmeonsst bouft sbmetemesandl kpe
t eammaftaelsl ows anyonle el se to ,speaktoo_ much fair amount
al’l'ows ot hJe"r's" t o speak
FulfllsDoteesarmot_ perfoF?errrfamrymdvueIr#yeersff%vrvm nea ngera{.lolr mds&tailésdut
roles/duofeassigned t eadwtrioelse ssigne team r
CooperajteUswuahly argugésmé/vtlitnqes ar gRierse | y argul\elestver argues Wwi
t eammajt es teammat e g eammat gs

=]
o Table 3. ABET Assessment Rubric 2016
_ Parti@albDoyes pot
=] ABET Criteria Rsxilie?iRreeSMeueitrse %/I%?ts Me et ANOticabIe
a q | equireRTeeinremBPl{
(aAn gblll_ty to apply knowégg/ibga olfl%'nath, science ajnd
o€8Ngineering
(bANn ability to design anq8§(%nducltlo/oexper|memts, as
we l | as to analyze and inteéerpret 'dalt a
(cAn ability to design g system, compjlonent br procless
to meet desired needs |within|realisftic constraintsNA
such as; economic envijronmental, solcial, bol iticlal,
ethical, manufacturabillity o sustalinabilijty
(dAn ability to function on mu|tidisc|lipline|teams N A
(e_)\n ability to identify, 1f00d0/rg1ulate, and solve englineer -
ing probl ems
(fAn understanding of prlofessipnal and et hic¢al re- N A
sponsibility
(gAn ability to communicdatle0®%fectivelly
(hThe broad education ngcessary to understan t he
i mpact of engineering |solutipns in|a global, ecolnonNA
ic, environmental, and socia cont elxt
(iN recognition of the need fof, and |an ability to e Ny a
gage in |lifelong |l earning
(J AN knowl edge of contemporary ssues NA
(kAN ablll_ty to use the tegg(%lquelsl,%s!ulls_ nd mode_rn
engineering tools necgssary for”"englineering pracjtice
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two key performance indicator s
key performance indicator. Wh €
program target of all graduat:i
plished, this signified that i
terventions, such as integrati
neering courses, can indeed el
ward achieving educational ob]|
comments of the students on th
ed that such innovative cl assr

increased their enthusiasm and

ABET <criteria were used to as

ing outcomes (CLO). The five

ABET <criteria (a, b, e, g, k)
Figure 13. Linkage Stress andSIZI?efor]'gnatzlooln6 b?slglzeﬁ?‘sment resul t:

projects with the teaching appg
Based on direct assessmenldeafstFln@tstOLEdeer?(tCseed(?\ﬂerrGSqu%rc?1
the class measured AExemplM&Nly riubrdicy ﬁ"’lkﬂr'&@ gy Bebh
mance indicators selected f&8Ff 2R&ECPERRNA Hbie of %:%1—11

Th m

rator .

R
eal\f/I uI d "@%Q)Seﬁ’m‘ﬂxs‘fc%oﬁ"yeﬂ A

e other 20% of thceoucr|saesspo
f I eet Require

Parti al

Tabl e 4. ABET Assessment Rubric 2014

PartifjlOoyes hot
. . Exceelds Meet s Not
ABET Criteri a - . M t s Me e t .
Requi r|eReequi r |e ﬁFlreR muire'ﬁn@ﬂ“cable

(1 An gblll_ty to apply know&@i%ge olfo%nathzo%mence aind
engineering

(mMAn ability to design 3 d7q09onduclto%§axpe5b5poerts, as
wel | as to analyze and nterjpr et "dalt a

(nAn ability to design d8 system, complonent or procless
to meet desired needs [within| realisftic co straintsNA
such as; economic environmental, solci al , Eolitical,
ethical, manufacturabillity off sustainability

(oAn ability to function on muljl tidisc|lipline|teams N A

(pAn ability to identif}y, EE(S)%mulaltoe% anq_o%olve engf -
neering probl ems

(gAn understanding of prlofessijonal anld ethic¢al re- N A
sponsibility

(rAn ability to communigqat20®f|f ecltOi%e|ll y20%

(sYhe broad education ngcessarly to understand the
i mpact of engineering|solutijons in |a global, ecof NA
nomic, environmental, |and sojcial context

(tA recognition of the need fofr, and |an ability to e Nya
gage in |ifelong | earning

(uUuph knowl edge of contemporary | ssues N A

(vAn ablll_ty to use the tef&%lquelso,%skl . and mode_rn
engineering tools necgssatry |[for enginéering praciftice
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