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Resear ch Design Subjects also had to meet two

generation coll ege student i n
enroIIed i.n cour se
Given the |l ow completion %gé 0||d1 y ce, engineering
and mat h,-genoe reatfiioornstst udents ag graduate
with a bachelords degree i re ad
qguately informed about choag Ethnicity of Subjects aj or .
Systems theory as defined Asian ative
search and evaluation met h| 7% rame -
work for this current stud : m t he
as follows: Holistic think 2y m per
tive. A system is a whole and
ent from its parts I ndeed o be d
ed into independent parts Hispani nquir
cause the effects of the b the w
depend on what is happenin e par
are so interconnected and j ’btu?édfpeE“tdn%?Elttyhaotf & eS| mpyl
c auasneglf f ect analysis distort more than it |Ilum|nates.
Changes in one part | ead toAcgqlqg,tae@ &mq Ho paol 'ntﬂa%bﬁayee%r}’%c
system itself. Nor can one Su'erQFt|yonas dy a sheuspeadrtasbeg”atseolen?eald
ar fashion and get a USEfU|thSee“rseeseoafrcthhete"‘éhn? v@as 2a5t:]|e to
an additional object
Celebrated cultural Compet|erﬁ‘§ytrFaOt”SHJdrtrﬁe{‘ItlyKaec”coarﬁpan[l%@:]
defined higher education ag|a&méheleqd rRMInidndise s'mﬁ‘L&deyﬂ[suoa'
versities that compri se It fgeya prhsryassteesm oal-hldg FPreoeLP'n“oCaarFt'
definitely a compl ex systeqﬂ.uqu]reer ah&gly fsiy gal , an indiyv
al uni ver sity, such as Purd , i s V|ewed as a complex or

ue
ization with interconnecting and multi-functioning facets. .

The focus of this current s @d%/uwlast Bi miatraodtoDdo%]eCsUi$S
generation students in the College of Technology at Purd
Universityoés main campus i nTWestdal @af ayiesttteed, arneditame; amnsw
national students were nottheef@i het sabppdytsOfothenéddSpat |

of the study. Participants] Qleirg as$ um@rfdg & i zhaatvieo na&ard s we k
all questions truthflalsye.d, (HieH)s ampire ewd sn cCoimpeurtieon Gr aph
still convenient; all of thRhedstuwpetnsl wdovetfram Teaehsalme
|l ege within one wuniversity6AT),amBuisl diTmhe GGensutnpu dtoino nwaM:
that the findings of the sCaamplEnonenreer rrienOr esemhmaliovey ofE
popul ati on. neering Technol ogy (Mfg. ET), a
Technol ogy (MET) each had one
i fli I Of the 15 student s, fin
POpUIatlon and Sampléthe Coll ege of Technol ogy,
. t he ol l ege f Technol ogy
AIthough thl_s c.urrent study a'sst noon?e gseen”%egﬁatloelrz.abdfe tthoe %OI
popul ati on, it i s |nternal& generall.]za e tto “the popul
. IIege qf echnol.[oegcy f otur™ “s\
examined [27], speC|f|caII§ t'he? C egg Qf" Hnolo%)(n 3
" . c,i ence., our sswi tched f.r.
Purdue University. The popul.a[t|on wa's def'i ned ~as_ first
. swi tc_hed roOM Enodieering,
generation students that wer e also technol0gy "student s
alumni of the College of Te%r}]nolo The Qopulation of, t
) L e pa Lcypant s, wet e asked ‘'a
pilot study was | imited t o, urc{ue LtJ]nLv res.i fyos ma " G mp
e o, t EI¥eféf¢a:l eyl c,a,nds elafr &
in the College of Technol o J- ﬁ\ t ot al 0. s'ublect s we
1 ey ;ertalng t° o €rng I n
sel ected. Seven of t-Ame mpiaa melpa % wer g rican
. : L'gure,. showsS 't he Tesponse r
five were Caucasian, t wo weEe S\ Radt cy an.d. Qne” was,
. . asked f gL you f7irs applriec
Asi an. There-Amer écaan plattvelgantg. hes .
. gndersfandi'ng of careers _in, te
15 subjects were readily av%|lable an wi I l_i"nmg -ttg “parti c
1 answered no, and” 2 answered
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Majors of Study for Participants Knowledge of Technology Field
before Attending College

MET AT
EET 7% 7%
7%

Yes
13%!

IT
13%

Figure 5. Subjects Reporting on U
before Choosing a Coll ege Major
Figure 2. Participantsdé6 Majors in the College of Technol ogy

Se-Efficacy

Participants’ Path into the College of

Technology The following is a |ist of tI

the question, AHow would you o
gress once you transferred/ COCL
nology?6o0

T Academically | am doing the
chanical Engineering, thoug
ngﬁo | had a passion for what I
transferred my grades sl owl
T My grades improved and | st
ics much more.
i I excelled and was able to
Figure 3. ParticipantdsSd aRdteldways CQ and graduate Wlth.
Transferred via CODO 1 I ul escrlbe my academi
thus far, even though some
f My academic progress was m
Majors enrolled in before CODO’ing classes that | enjoyed

to College of Technology . .
Deci si on Factors

'l owing are paraphrased

_ The fo
e iwhy did you choose a major i
gy?0 The responses are |listed
hi ghest frequency as the first
1T More career options in tech
T Stronger interest in course
fields
Figure 4. Participantso Academifc RMdacjeoirve de tkamroewIMod geg oifnttohe d
Technology f Didnét enjoy engineering fi
) 1 Better educatlonal environm
Listed below are several quefsa{dtpmtsyperta ning to the s
dent 6ef fsieclafcy maj oring in technology, deC|5|ons for
majoring in technology, and areer aspirations once the
I

car
switched to the technology field.

0000000000000000000000000000000000800008300000033008029
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Career Aspiration Ref erences

The following is a |ist 0{1}@reeenhov§at|dcomnon(zr(ﬁlszaonﬁ@\perﬁg
the question, fAHow would a gr@eadeerratheoVne|St0ufde'~hrtdser‘a%team|ddn’
about the career opportunitiecshriohithe &f ehshgnhed Hdgeuwcchanoil
have i mpacted your choice i[m]mgaPa?0C., & Striplen, A. (
tion ModeGenfeorratkiomstCol | ege
f I think I would have expl orsedderhhers ovoilnlgegienofchtaeclengl n
ogy if | had learned a little more about it before get - Ti mesed. Garry R. Wal z, Ri ¢
ting set in a major Chris Ki-6&man, 57
T Heavily i mpacted me, be¢adyser enmaniyniof Pt.he Sparn eigres , L.
are ones | would |Iike to haveNor a, A. -Cd9®OBaAti oRi rCol
T | woul d have dove into st uSltende nbtuss:i nCehsasr acnkereéenst i € s,
preneurship initiatives i n Deevcel mogReosgeya rfcahr ifna sHB3eghér Ed
T 1 woul d have just gone int®&2technology and not strug-
gled with the classes in[ 4EiHgigmeer i Bdquc Myi a®P A Axotul o f ]
have also been higher fromEdbheatitamt Aclt wA msehnkankeo el d S
have been explained that tEkeyl ganOubdotelacdetandche S$amcent
j obs. Ch a pitFeerd er all TRI O Progr ams
T I think having more of an Wn®delCs-t dDFi0Omg would allow
students to make better [ Bbhloadhkfeisnkypf&M RaEMI s&mngsM.| i Be
which courses to take and Chpowarongetwer Retier mihraant s
area, thinking about small geheéer @és 08 uca@ahnse Ctaphd soen Uli &gy
to a better outcome in theldJpongahaof; Cobsepel( $phuPeant e
time in college meaning | es#As28debt
[ 6]Col | ege of TechnoAbgwt (WL T
; Retrieved from http: /1 www
Conclusions about us
) [71DeV0re, PrTechh®8 @)g.y : An [ nt
Responses indicated that a NeCWKY oo fk - Kk Dywlied pgpaheuwt i bRhs
technology field was a f-actgyndtn ocmaO|ossa|9e@cévazto&m@)uﬁM|M
generation college students. ghhye cVigdienicen cfefsOmMi §BESMi RH}
study suggests that StUdent@str‘h”é‘\)"’é"de”ehﬁtﬁtopﬁsf/t/er/vhN”%'squg(
a major is a factor in initialj)g eL sio Jgn@ bnrgswlhds.nl:péus
a STrEeM ated col |l ege edafufciad E{cg)TU_SS_‘tuljleepnat StOmeh& ! Labor ,
appears to be closely tied t°Adtnﬁ‘ieniirstcfpa"i@§)ﬂ1éjerod@ésaﬂ)ﬂ \Pé’di
mance in the <c¢lassroom. A bettgn unﬁtelrﬁtpp\g,w\wgcepreeca, nefre
pl acement wi t h respect to opéépﬁﬁngfso_rastpralnlng and s ki
preparation coul d |l ead stu[dleolg}tcgs]mit@t’ma'or(2|0n06tecAl”b|}ql|ggy
Based on the subjectsodo responggs. (Sudegnts Qae"r'e%q a fMpGr eg
depth knowledge of the acadenHacninéajseﬁrh%nl@Hrs&%p@pglengla&|
we l | as career paths in -te ffqponodg,y pMmag/a |I|232 mtbgarraqreea hig "
generation college students copghefbRI ath dSTEME de@gf &fe o f
New York: Teacher College P
Futur e Study [ 12¢arnavale, A., & Schultz,
Technical Training in Amer.
Students from peer institutiS;HESTV\filalt'I”'H‘eg 2 dj DO & %eByl B Pom epny
en the subject pool for great1é33r2 eralizability. Both
ders will be sought as paEﬂ?%qrﬁrﬁ'tttee d‘é@&@'ése"ﬂ”%%1%t&qvem
domi nance in traditional STEMG#} B?H&nngEPDH‘Y EpRemal &' pd
ticipants in the study may beCd] EPEd 2asBraoWhl &' WﬁzﬁﬁrB'PrP | &
stakeholders and for demograpPi-@-metP?cé\'.at'Onal Academy

0000000000008000000000800000000000000800008300007109d0029
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[ 14Choy, SStu2emiys. Whose ParenmtosceBiddi &Nlotand Behavidé&mBal
Go to College: Post seconda464 .Acdcoeis:s , 1 0RPdm0di6dtjersdas,pr o.
and AttWasimemgton, DC: N2B8Waxwedl [GenltQarA.i t(atd ¥Y6) .Resear
for Education Statistics. An I nteractiVeoAppndadaks,

[ 15Hoss!l er, D., Schmi(dt®®9n) g 2&DV¥ealpes on NURBM Gr2addlwat.e St ud
to Coll ege: How Soci al, EcemaMi Ei e b.ddUmEfdwliBlait gl hpenda | ma n u ¢
Factors I nfluence t hkalDgc3i0odi o ®@s, SMude Bt I$Dutie)k leniatng t iAve
ti more: The John Hopkins Uninvadryssiitsy PA eSsurcebdNekbony |

[16Ber kner, L., &AChkhaevsz}toLPo®PhI&T) CA: Sage.
ondary Education for 1992 High School Graduates.
Washington, D. C.: NatioBaiI OqurtérpH?re gducation

Statistics.

[ 17Rresi dent Ob ama Launches Educate o) |l nnova t
Campaign Focus on ExcellEncéHIS% RQIE %%?‘3'% Qctorate
nol.ogy20029) Retrieved fP n |1 stri a Te nology
http:// www. whpteoh‘e‘uscee/go'?/qct Grgber 2012' Upon rece|V|ng
pr es-oda-maunededatne-vat e strategic post_-do ctoral appoli
camp®ixgm l-dceincrecd neh ogy ENtrepreneurship, project man

[ 183t one, C., \&nZukarnn, ocmagééfﬂ‘)e”t- In 2013, Dr. Dona
Chasing the American DFE ectpeM atgeglgp} dDJOfeSS'OH‘
Graduates and t hWorGMe &t oafiae seeslselCt ed as an “Entreprene
Americans Attitudes abo L er, e W I'B\)/groé.S'an%r' Dona
GovernmBNew Brunswick: ; %rétUrjhh\?er niigvyersity of Texa

[ 19Hor n, L., & NMianpepzi, n gA t(h2e 0)'a,nble5tso and_TechnoIogy. H_er
CollegeGenEBrtation Stude®t QW hyalts Odffrigvcsn by her Tife
Planning Strateg|esWa$mdreédaﬁatreC?bt |dqfte§§[? Srig nclude pr
ington, D.C.: National ®&8RE8FEMeRL. E%Lﬂj_?:a'té%nsg§tae[m 8
tics. sty 1 n STEM fi el S DsedobDenal

[20Maton, K. I., & HrabowskildsPn@ttysgegasydulncreasing
the Number of African American Ph.D.s in the Sci -
ences and EngineRBasad: Af,[R-YASNr'\éngF YOREs as the progr
proadateri can Psf@&h&Isswyr st ,0fsdlorizons Student Support S

[ 21C¢1 ewel | B. , de Cohen, d—|_|,s Trseusip,(_)nLS'b'éa'lf)étleéroa”rfeg,' N
(200F{3e)v.ital|Nza|tng)ndiiaeTales‘nttu,d1‘f’oc§lk''ilnS for res n
STEM Washington DC: The larsszéﬁtpﬁ}@qeri\gtrbpqteﬁ_!omlsmacmdﬂeorstlucdve

[ Land, R. E. (2012, Spri ﬁ .pr%}ﬁ;g_ﬂﬁeta'dﬁiéﬁtW@Eﬁhoséjppor
gi sts AreJolilrrgﬂarhee)rfs.Engirfl rin%ad_1 ﬁé@rgn(fla- mekit®ring
ogy,201)-3932 ocus Tis on prOV|d|ng the nec

[@ Heiner , Be@drix, Weopgllogsadehie achieve their goals aca
TechnolWogrychester: Davis apIPeEPPAbI S rl? chelor of S

[4 Of fidesoi tRetsiecaralh, Pur doled i Yneirss sl t and a Master
(2011%tarting Sal aries rybyfrorEo.'F'I”e Lé? University in
Sch®epobyedhe Car ete®f fCiodefd II inPg Ni s urrent position
of Student Analvyts-tsncaLIafFéuaY‘é?elr dh_@ﬁrf’1 geochemi st with tf
due University. ogy L atorymPtsburghPennsyIvanlaHe spent tw

[ 25Ratton, MQu®Litanioes .Reske%Btch WRHKEQG, with theHCarbon
UationMethodsTh o us a n@A Oakasge. Mmain research area focused on

[ Kendall, FUndeerst2ad@éng CV\?hﬂbton phijoxjide onto coal seam
| eegeNe wR¥atk edge . Favors mayaberseé@achddeatdu

[ 27NavaMardas e n, J. ., Bal es, R. A, & Hynds, D. L.

(2010) . Rol e of schol arships in improving success
rates of undergraduat e science, technol ogy,
engineering and mat hemati cs (STEM) Maj or s.
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Ki mber lHyarSpjoa Purdue University, Cal umet; Barbara Nico
Abstract management communication syste
this research and theory was
foor [ nti I hom i.n ti N
The purpose of this proje?‘owggrggegéj?ééﬁ‘%oc%@&r SdSese's(i&gngr:
effective digital process ;fo.r otrhepo'tré REGHT oyt skt &eside
homes defined within an evac ?teid‘?nE'v% lﬂjla?'in\ﬁ(}i trrb Rystht ia?
asters, many evacuation prggﬁgur Sd " ¢9%N%S % actlﬂte'%oerx'atn{e]qse
i nspect homes to ensure theprsoaaf;: tixleofaea roe{cehs'%‘aﬂiﬁ' b?e'
cess can be replicated for hde'rﬁiacsatler Ieanetntegx IHOSV\{OInCh tahe(
spection occurs prior to t&?eéjiéfaslﬁggéctoirve' ng\feadfuaatteifaynsapl
di saster has affected that area. The project pl an was tc
information gathered in theAsd§Vf|itrhedan9V§‘§/lé? 0 hafeprs af|
interact with the residents;an a,Ust 4hy0 Q%ﬁs&ccﬁxﬁlieho ahe! psyasitdr
er , more efficient home in eonetc’stlrﬂdﬁsst ehlesstsaybqt-esrﬂe a_lsTﬁeg
signed to have the capabllllntcy| t e beDu ”‘ﬁloitc tee(llipnpé‘eéelt
standards for |l ocal, state, anc&J fféderal agencies to |mpP
and successfully wuse to heIP Isnatveeralc'tv i'th'tth‘g(ﬂblu%l?lcs%n
the capability to store datg éé’racfd“'é §ieblreev\)iewthf th P
whi_ch would all ow contlnued3 éné”af’ﬁ’leénetnéSstoofreahdeatpa ofcessr
as it evolved for each evacya \/59\"b\‘§/eshow the progress a
This project presents some q%ﬁ%b%ggtIm\%!dtem??@s:agz)ﬁjeﬁita:%ge
inspection process, expl ains ma/tSit M adnedSirgenmoquart'P]ro% erhoH
and incorporates security funsduaC eenstaflusll o,&8PspEYg that
updated information is validpgg i&z'ea n}oesptorc[urornerbtnlgn{ﬂ
mation avail abl e. Lastly, t?ﬁtso pirosjpeecctt_will hel'p i1 denti
FEMACKdes that ar—aerrrdtese:aileils;&jslgta(g\yi%de feedback to the com
tions, allow for proper use o eetdhsesfeorcoadessp’e qr}q ct yran t%i
fort into digital, researchahb gscﬁé‘de&éﬁ‘? ﬁ]@ﬁfyaﬁ‘ﬁcﬁéﬁé?’i
mati on. Uses of the codes areor?soi”}eetitnbos Si_nterpreted di f f
ently, depending on the seagch|{ggm RECL&f Paf | Reeraats
and their interpretations usipgesgtr yuydbalpty oo seiddeé(r{teir
homes and <car s. The system as nfd V‘ﬁht(}||e| %nqogl”s‘{?a%rdoa\fid & olgh
standardiza4air+m|es¢lhlattesazm$chee@ B Ah—%:fogilelse 1
aid in faster evacuat-dionnass toefr Xreas t hat re%u)}fe pr e
assistance. |l 3cope i t ems ar e resfsdepei al
. items include vehicles, publ i
| ntroducti on buildings, industri al or comm
facilities and other public f:
If an evacuation is orderé@&S.tRéCpro@d@dsddead@cpmepéady
for conducting the evacuatlpdlrfporse?pdrstitrPg ders | e Ae PsAfSLl Wl
uees of the identified arebal,e dPdCcCrhEpetPi hhetaedirteisqmal
home to verify or force tﬁé’re\?&@uaﬂpéﬁ AMBT &V & Menpip od Nt ch

pieces to the process of elveat-uating because of a disast
There has yet to be a fully integrated digital system bu
handle an evacuation, which is only part of an entire di

0000000000008000000000800000000000000800008300007109d0029
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Inspection Process 9ency personnel may need to K
dence, evacuation status of ez¢

residential i nspecti onanp?r.opcoessss' bslh(f:‘o u(falvdaCbueat.i'no'n i! Ot CeByt !
evacuation area is def ‘Fle'dr.‘eTﬁw%erg'r_'?)c%r:s@ats'h% %
as either a proactivée&Fu% :r]%% tiveEN@VvALS i b
take into considerat?%n tth.oeseteraer%indjen}wbteira'l t&‘
ring not to evacuate.'nﬁﬁggﬁfoagrégtf"gﬂﬁg dpdua
hy residents do not €&¥dcudt'é drfea. "4 }g m
ot

3

@D

® — S

to ride out the sto
ces such as mo
port a success
as a result of
to evacuating.
S
s
h

o >SD®OO DT

n
f

O ccCc O

sues t hat Fusse
of soci al communi at a
computers, phones, QﬁE?BtH

- STO® SO M®—+O0 =-S5 5

" 33T TS 00TOX~
0O~ —~ 3 —<

SOS<OoOMdwoOoKW®—+c =
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One proposed wuse of t he
evacuees to report on thei
household members visible
well as to report their ev
very valuable to families
The command center wil/ be
map which homes have been oﬂ? |
which homes need i mmediate PECE &N
ing a home for residents t gt
ti me spent on citizens who'®H
municate or evacuate the aréa

Som i 07k ¢
WM&E
O Q<D

T T

m can
foundati on to
. . c |l ved, educate user ¢
Des'inng t he SySte d d collect, and prov
after i saster i s over on

e inspection pfOufntcitqrbnOefd.thlempﬁrVoavCiUrﬁgti@ﬂ $het
ry complex veryhogki Gkl yn-eerheasanOé’IOIaCéﬂst|§|k6|8
logical commgrspueerd hewsichI rtekRke i RysesBL

he United Stategepeaggbsadd ReESCHEt tERIMNSd ad P!
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ment , i maging, and model i ng, all of which have a signif
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Some programming concepts
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al beit with different synt
scope, functions, |l oops, i
et c. I'llTustrations can qui
concept s, especially for s
preferences [ 24] . Besi des
grammi ng el ements, student
portant progr ammi n go rpiae mtdd
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e computer wi || check th
nts and choose the best
el ement-lval ue to
5. Whenever a player or comput
val ue, an evalwuation routin
secutive values along hori z
nal directions to deter mine

if(b_%tart) 2 "
1

ball.moveBall();

eneny. moveEnemy (hall.¥) :

if( plaver.checkCollizion(ball.x, ball.¥, ball.zize x/2) |

» T T
o< ccCc< ~O® -
PxST0o0®

n

o @

ball.speed x = -ball.speed x; 3
A

if( enemy.checkCollisioniball.x, ball.¥, ball.zize x/2) )
11

ball.speed x = -ball.speed x; 4

3470 ~-o <<T —O0 "3
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Figure 2. Processing a Conditionf gp . 4 = e lhe Pong

Devel opmelmffoef amdc Te't
Game Laboratory Exer

The <concept of a variable i k for a

freshman programing cour se. b i abl e i s
da-hal der or a computer me mo or -

mati on. Jusworalsd iex arhpel e,eadi f
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ent variables are wused to st of dat
more advanced data concept f rogr am-
ming course is an array. The s when g
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use an invalid array index, W i ndex
es from O to an array size o d issue

mappi ngorrledalprobl ems to an ar
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board game can be represenpggabét?u%{ump?e arrhreayisstrluac & f
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1. A Tetris map class is de3ilgfnemdo twalriedp rpeastehn te xtihset sdi st-h
play screen of the Tetris @ama. ddadaénd mbyb emido §t hae v«
10x20 integer array is usedgitve fepcesoemt rebher mapwi The
array is initialized with4d.a@Onweael utethefr@ecursive functio

2.A Tetris bl ock <cl ass i s detsi gme d tthoe rpeaprhe sfernotm tthe e

bl ock of the Tetris game. Ai slpltayeng mber marf kitrhgg aIxl2 of

integer array represents thalsukrapd @f (ke Fegure B)oc
The initial value of the ehﬂnﬂ‘ﬁf—s'—‘" ie dotormined by
the type of the bl ock. = -

3.ln the main function, a t he
di splay screen. For weaclt ks th
val ue of the Tetris map me nt
value is 0, nothing is d rec
gle is drawn on the gri at a
bl ock has occupied that

4. At any ti me, there is ¢ sly
moving down; i f the pl af right
arrow key, the bl ock moy pl ay
presses the up or down ock -
wi se or counterclockwis

5.After each movement of
checks whether the bl oc ary
of the map or any bl ock ma p
gri d. | f a collision 4 wi ||
check i f there is any hd npl et ¢
occupied by blocks. | f moved
from the map array. X

6. Next, a new block objec y is
repeated if the block o} 2, t h o

game ends.

Figure 4. Maze Game Laboratory EX
Devel opment of the Maze Game N
Laboratory ExercisePévelopment of the AA

Laboratory Exercise
One i mportant concept i n programmi ng i s recursi on.
Solving a maze game requireAt thbekhowhedpeoprechar Py i odt :
structures and recursive pmiomyed anmiihge,sklihe¢ sst udenthse |Maaz
game | aboratory exercise, thbrmaresitsorepeasentedtioyyne
integer array. A value of T hien Ftitsé car daypralregmdmtr ithdei dd to
wall, and a value of 0 indji@aaaeki hharypatwas Aadertuadifver ;

tion is created to find outthijipfradotnye loifbrtahrey .malzre tohithsAgok
the entrance to the exit. gTFThe Bradgurcsliayses faunndc tti loen Riod k&

foll ows: FCircle class of the Fisica |
FBox <cl ass. The actual shape ¢
1.1f the current |l ocationbirdcks were pepnhnesenhedresiungi
function returns with suwereesssSgttrae)pawpice m¥gaasi the
recursive function has foluinelcta wad usetonas an active d)y
2.1 f the current |l ocation AnsgrnyotBaabny exlias spohad , methiro dsr
l ocation is marked as apuwtisi Opdel dbatiusrerbysed icigda t
value of 2 Af ter that, dirraeg gwedl dds |01t of cAu rs hnoeoit g hbdo rpi on:
array elements are inspdetcdd.on| fwesarey cacéicghl@seidngndr a)
ray el ement has a value sohfown ianrkeicavuesevd.fdmet iBab ywitl
be called at this locatimings in order to interact wi t h
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| in the final teaching evaluat|

‘ interest in the courseo. Eight
6Strongly Agreed and 20% sel ec
that the students were recept.i
puter graphics programing conc
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Abstract

The automotive i-snkdi ul sl t erdy "
available that need engine ol ogi
gualified and cappbhkedt oad
manufacturing sector. Var i acros
the country offer progr ams ts ar
the Associate of Science | ous a
|l ation agreements that ena their
cation to the baccal aureat ry toec
in the gap related to the ns ano
design methods and process such
educational pathways is th i ned
work as technicians with a < > LS F A ut om
tive and motorsports areas po e Ve - L :»
theiryehourundergraduate degr.ee, h '
highly sought by the autom trl\ll:]ellneg Rsacr? b@r
authors present an example o $U'c¢ch t4 ucat|onal pathwa
with an emphasis on motorspagrtysS.caoreer paths for science
. and math (STEM) areas are as
| ntroducti on gaging to prospective students
and col or of the sport engage
In the beginning, motorspdOW CAMPetdils oha&Sisdmhad ed N smae
ing venues for the perfor nfamane adngpPste@inybiotihey bndesnighn
and automoti ke Rethidcr @gauifzidd t he
first car race in France i8®8klisp4.sThS kh owma$ aageomipentitif’p«
which compani es, such as those of inventors Kar/l Benz an
Gottlieb Daimler, had theirskyehi clhostageRBeifinngd hwi At @M
another. The first race coggetiptitdgmdinibhal UcQuswas shielh
Evanston, Illinois, in 1895 o3l th%eea rkidedsh €aldodw etdalkidc angdi n
of this race was to showcagseoktheofhgkselessnCcahel ¥ge R &9
admi tted mechanical achievempht, Crhlaghtgle% g dha ptt € dh nt P oSgoyme
of the most wurgent needs ofyedWr (Cel|VatledZattd OMe®ruiting sk
nance engineers, electrical e
Various studies have showrma@raglemga([ts]othlﬁg mePtehePPObLS
industry to manufacturing segtuenre 'qmaqh¢|@a$|ofﬁ%db@¢ﬂm@%$\
globe [3]. For example, inptaghthestoatse ofeglrnedkl agrae dits $ORA
to more than 23,000 jobs dicrue ¢telny %flk(iil‘ff%%l Q\/%‘Pkle@lé%hlr'édlc!
l'y with annual wages around $63, 000, which is wel!/l above
the state average, as statednehPeaijit&eponbtelBYi RUurdeei Hauve
researcher s: fRace to the ot mrihaddltiteed Stoaptse wideg. | mpaghe c
Mot orsports Industry in I ndiegmighgl knowl edge) , and some
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Various universities arounSietChteOV\rorld are o
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TechnicMbtBksbbsts programe€ngdhdegfi@dntcudgmpad um modul es
titions allow students to tshteaypicherlrienet twi tthhitshedusahheor
and develop skills needed M®dUltense awcer kifeolractee do ft Ot O N &P &
through various courses incCah- effg@am@éeisnd fcuerduccaytiiyomalmc
torsports projects -bagadel|l 8R@abdentadrenspfebyesesign conc
ing with many different muldteisdigdc iapdi nalrvye scth adlajtd mogness .o f p
opment of design i mprovements
Project andStTuedaenmtSkiilnlvsol vetderiiml o thoarvsepohad a positive e
projects learn engi neemiaxpiaddnddEtid ttheractuNgehr shanlds Great
rience and teamwork, |eadet@kimg RdRcCer itOi €I agwi fKien ¢ 0
that are aplpilfiecadilteuatoi oresal 7Rt eAndOhenot®fgiPoOrts to spal
neering management skill tH&®rmigHtncdw dp afge figpiurg| ciodir seis
to the mechanics and produicari oaxamplwe, ehBagiF®Pd MuhapISqdm
ning, setting up, and runnit®@M¥OmEt oMapavedestendnds Pank
monster truck show [9]. students into the motorsports
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other example is the studyeonfi eegj naedi ngceoacepersf admhman
an analysis of monster trudlkorcowgreki n-gpeomfsarthdmicegh racecar
with this minor ar el egvuedl ipfoiseidt |

Studentsd motorsports educiant inoont ocrosnptoirntuse soratt heh ea wtnd meeb i
ty through their partici patnioan iisn aFvari rhualbd eSAB tODdJmss taurdce n
of the ODU facility, the Vidi gii sii @nl mgteidti ut er efqauri r Renrefn a s m:
Engineering and Research (VeEPBRphpsbabbecrethitcdh tlsata dStarcads |
for teachionng eaxnpde rhiaenndcse , ass pwer tl s .asStau cceomtmree rmay compl et e
ci al race facility. Old Dbmtcal owrmotdmuwieryi tgl liengeNo rbfual ki
NASA Langley Research Centeident dampit oal aonudr své g gdinrieact |
Tech in Blacksburg coll aborated to offer a graduate degr
in motorsports engineering Taldl ecolhsluilsti agcoservésetorn ot a
tomakers and racecar teams alvlad]l.abl e to ODU students in N

nol ogy or Mechani cal and Aer
Old Dominion University (@bE@ms. N&tt fudlelnt sVimugitnitaa,k ea nfdo u:
Patrick Henry Community Corldceuier e(nReHh@G) ,f oMa it thien gnv inlolr e ,

Virginia, have undergraduat e mot orsports pat hway pro-
grams (see Figure 2). I n t Melslee plr. o §ilp aonwss potrth 8 y Miaroer [Coowvs a
educational training for fptureTteehntecirans rgt+Haeering
nol ogists, and engineers iGQotder ¢/€@ &rds ej Nanﬂehis t&éh@hiitcsal é
The programs are designed [@s Ci at cienc
es programs that build into'legzl%57 %rhoeulncgrvgtf CSI éo‘r?{:%d%manT' €8
a first step, students e”fl\ﬁ’A!EhS?'Mottof}%pénrottsorv%FHPEItﬁ DR'h @ i &
PHCC. Those students wantihng to continue wo ihng—Jt o -
wards their bachelorés deg|MaEA6 pRae et @r cPoempbercraencGene year
the community coll ege or at—a university to take atl t he
essary requirements for trMEﬂ§$‘ér1ngfF{eerrf0;,h@ntce PP EYone ENH G
the Mechanical EngineeringM’ﬁgc‘h7ology ( ME plrogram at
ODU. The MET program has an i_on T or them ffo choose
Mot orsports as their minor D“U2 aédattrhoenilt«iews%kotlehneg) s il ghn-
stitute have partnered to NfA Mot orsports Hngineegring
ucation in Martinsville for students, professional's, and com -
panies involved in motorspomttgh[ Pelrformance Piston Engir
avail able courses. This <cours
which includes a Briggs and S
connected to a | and and sea dy
S the air intake process. The si
7 combustisadam okeurcycl e and wor k
X U through theaicompyete. f8elUdent s
L ® cal reactions and combustion.
PHCC thermodynamics of the cycle, t
; course with comparisons to the
P P in the |l ab running the ani mal
« PHCC « PHCC + ODU 3)
or ODU
The next maj or portion of th
and exhaust flow. Topics for
Figure 2. Locations of Two | n¥tailtwea i b hdniamngd, Mbndraskpeo,r t @nd e x h:
Educational Pathways by flow bench experiments). S
time discussing the tuning of
ODU offers a minor in motu@elsMIPdIttSz engd reetrd Mg, faomrd nae -s i
chanical engineering and eagith@reldo diga rtgeicnhgn oad ndy ys usptew dcennatr
[ 15] Students are introduecé@rmodi mamltamtinde ngeichheaenriicnag ¢
cepts related to aerodynaminds,l eahassiow dynpaeadscomprsd 9:
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maps to understand how t heWarairoeu sc roetahteerd faarcd |hawebso ause:
t hem. Af ter this, frictiomoandéat heBU: twiamd fteunnied , desgu s
Many of the students in th¥Vicgiumnisa bBneemahabbi o malol Rade wa)
Formula or Baja motorsportdgorenama, Maag dtah ey dc aand vamprleyd whaa
they | earn right away. Thej dmiadd wisleagvieel Kk peo u rmeeas si mr eheo
ducted during this <class: daroaqgdel icawéi édd abiod h; oma ncuaanip udcksy

mometer test with water brdlaray mgmopmectgercapm.sswidep@n £ od efl
di fferent throttle positio®PU atrtheoWNewalCol fagk Frasiobtu

fl ow measur ement ; exhaust Gasi antl gsi at BHEC inckuoder avi
sus carburetor. namics rig, and chassis dynamc
: S have access to the engine insi

I nternational Raceway.

Mot orsports Student S
at ODU

ODU has participated in the F
tive Engineers (SAE) competiti
the team has requirements to
participate in the -ctoynpeti ac ecd
(see Figure 4). I n addition t
ment s, the team ha to be inv
Figure 3. Motorsports Engine ta&sstksigtpawplaan ODgoordinate, and
car components, subassemblies,
Facilities Used in a5iem™MEF o S peat et rdg?t
odynarnlc components and con rols. Components are de -
VI PER: Lalbis facility is -1 0% ag tatto ﬁﬂég é‘ flaZCtOLb h s P
squbhoet building next to the rn |eng| atet ron t|ontl eRarcaeC
req| I|r1y [ a8n] :
way, where teams <can brlng fjh (s Alcle'ca¥ st a%nd simul ate
track condi tpoosnts fiosnh aak es v e )
cility is designredt d&ac hsi unpgp™
graduate and graduate mot 0¥ ses a
ODU and the New College | nt It i
al so used to conduct engi h, w h
operating as a commerci al est al
lished through support frol nd t he
Virginia Tobacco Commi Ssi Oz rain
l ab has three main areas - on th
compl ement research and teg > = agnos
and performance testing, A\ y AN zat i o1
(tuning), and vehicle data N . : : [ 15]
The engine and drivetrain s i . 7 pplica
tions during race events. lalt ntenance Ccrews measure hors
power out_put,A and_various ‘HE‘,S me.aSLb_rUemg)tnotrsS g 'gzldeto
race vehiclebds drive and ChaSSIS. rﬁ{ weeken
events, the |l ab is wused by tudengt s o.r Iearn| [16] . |
applications are engine nmﬁt‘cus |p@rn($rmance testior
performance optimization, and dat a ach|S|t|on and anal
si s. The VI PER vehicle has Aut®dm@otHiPye ladd | mbteor Spamutks im
torcycle engine, heavily medpansdomoi procdueueat2y®aHB. WVh
vehicledbs chassis is a |ightawdiightpadarngoni fi metobsdygri{let
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various innovationp1OHeilbabteerdt ,t oL.ve Hi2dI1e8) de sRani na
ance. Il n egddiftoirama,n c mo dPeerorf elsisglomna2 6 Engi neering,

e now redesigned to 1rlBhl oki moCe elnvi (@aament alMoyu
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In terms of student | earniTalgl eandd Eeadthinsfcatt$p)em|fihetlporncs
was a success. With the i pe+reasihg—impor—tanece f ener gy
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Conclusions Wi nd
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(LED) Retrofit Lamps (2011). Jordan Schnitzer Mu-
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trieved December, 20, 2015.
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pdfs/ssl/gactaesveaypdfreezer
[14Demonstrati on A€mées s megt Dobdeéi ght
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Al ex Johnson, University of North Dakota; Cindy Engl i sh, Uni

Abstract ][|cula, making it easier for f‘
ortunately, al | too often, I
these modules into their ¢l ass

When, how, and what technnog|o gieess toyadsSpl R 3¢ademl Char
settings is an issue that pﬁg@g hgi RE 'fiu'ggh teécﬁ:‘ﬁ(d)llé’dfdst'
student retention rates a”f’i\gé‘lat'aiytﬁ’gutedtﬁ:ftd @aéf Pir POd
are to be improved. The folﬁiogvli]nggé:'asiet sjtgu erieaspcsr' o0& Se
project utilizing pinhole gﬁgn r3§en'pﬁ8r88§gtbpgtﬁ§§ ci;
meani ngf ul |l earning, and ﬁhfc BPY g}sp f@ﬁ&hiwﬁé é;rnébetglr@éf
into a fundamental technology course. I nfor mati n provi

in this case study should a)J.l ow he act)] ity be ut, i

variety of engineering cur(A‘ch(alla(t:I M G aipvheed ;Ilcércnsneollnog

subject areas.
hnpl agyhowWanKevin

. coins t
l ntroducti on massively

around usbo

rconnected syst

r—u:mx]Q_

c
m techni um, whi c
e
]

As Kelly stat

Kevin Kelly, the f oWinrddadlgg geyxe cUityievse genddi thoars offol | owed us
azine, recently made the srhartie memtaltifhioastt moysetr yofi mtalye nA B P
l ems that we face today argnhteabpoegenic qfe,chin'ébI@g?,efWW@t
were created by technologigopeafet/ybe PasthéEd]l byKethvi agect
to state that he believes fhatsenenhde, fahdrendnosd oPdm ythat
l'ems wi || be rooted in tecB0gl eDhgs Wheh WwWecRAEl &4 at i
day. Kell yés assertion of tslyenbpottenrtirall apn ohlseimp afi tthe ahe
gy is troubling on many |eMEfﬁbc@IetfhﬁQScmﬁfﬁoISOtIﬁiélem&ﬁné
l essons that we have learng@édfuepmi mMasePyythbBabues&eMoh Obé
port the validity of Kellydschaohoggenirc dobRgorthe ard& hme
nowhere would the effects Q/\fu|h(el[I5)]QSftohqn@rry dh ¢ efcelotr a5 k
l'y as in the engineering entklkggtnigon jgecitsort, hewhuisceh opfr etpoaor
our future generations. humans. Whether humans control
S

i s perhap a |l ess important (

Technogogy, as defined by shédruys [b2] .exiasmi fhtihg homwv ewed evwios
of technology, pedagogy andgwgonteet hbwthaatransf gqramatpie
use of technol ogy to fostepiﬁ@iarﬁg\itnmi.g‘) H &1 a@n cSeO Cjise ttyh et hkae
become inundated with the Fate&ast taahn dleq hige su.s eidt byhagul. d
be surprising that these teghin®APIhges ba¥r Hawetlhedebw
into the broad educational fgectagormumbrerf @Gt ,yelatr si,s wd trharte
tion that has not been i mppebpdi Vet &d&s Myr i apdo wieed Phon mlto gi
on the market, ranging fromos$ Magt pliame Sactaod einfiaad Sas Wa{l ki &
through an educationally fsoeceuns etdhet madgeat shewsiode fdfi ptPHing
through a few pages of TedhpatisemalatMdaazikneseduwhtAasseen
Di recnaikoenss it easy to find giumairoky degpmiodogare spacial

are being developed specifpgalloY ftdn sedwcahtniodm.,gyp adrst ineud
in th_e e_ngineering/tech_nolggyneai_ehdg.i{\/langfamb@rsg[§|@rec
too willingcdwot stupphryolho gy ttieada chli ds MPFAH ! ®Scause many edu
t hat are intended to teachjpsubpgctsasawdiAdahyomebdoRd?
to | asers and practically jgweryddfi ilgneisns bijed wegoe atMosd al
these modules artoaeaitleaklhfgypet KBFrFad¥ng the technology
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The question of time is pagytifcaurl arhgirn mpent gob])] ssinaéhe
educators find they have ldrtutleeh offo imakeoupptoe, panrd pwehd
specific technology might prove applicabl e, it i s worth
ing the question wh@tohnesmmbplgsbrg),}@rsshen;g tB@eg d B a
met hod might be used with equal fecti“ve
an Apri day in 1838 pho

Technology as a PFOcpaQ)‘ulra(ﬂta pthtroglLaQ)&rorﬂltrh B

and in the process captured w
Engineering education hasgcamb oifidear hsumrawnt isnuyb jienc tr e cle3n]t
year s, due to concerns abouwt atpthe (Isew rFdtgeurrtei oln) rpartcevsi doefs
neering students. Though maryenhapeei adt nifbht sd orlyeseétocsu
rences to the academic ri gmhotodgreanpghi ntehearti nigs ptrhoeg rmarsst afn:
intensive mat h and scienchascllesceme taHatosmaent isreeel yasi |
Afweedingo classes [7], studines elaavegslyovarc ctulsdato mem!| yt oa dsim
portion of engineering studdnmntwedl ¢ dae talbosue PR rodmalduea
academic probl ems. I nsteadusirrg eama&ht thhasn essh oewgnu i tphpaetd swti u
dents are | eaving these prdgyambofograplvanmr, ewlyo oif-anodi mley
sons that can be | inked t o-sphooort pdeidga goagi ccad meprraasc,t i miegh twh
result in an educational chagnadrer & hcaap tiusr eidn d fafce&ketdi vheu mla m
dent s. Some of the areas toawy fhiager deemr aneartti omre da i snivdod w
poor i nstructor availabilitggramsard forliy nft amniolninaerc twiotnks n
made between cornvordancaepmtlsi csdartd arakelsomper f ect sense and o
simply teaching that i s detshcartl bPeadr i &s Wlalslnn$p|n|euamgy[8¢ p &
whi l these problems do cgn f....manv. i : ions,
many more are taking actio ' : ? n wa
that place more empmpoirs ao
nections between thewoeltdc
plications [ 9], MoV ianpgp r o @ el
l earning invol ving creati : at cr
meaningf ul l earning enviro i ft t
war ds -omanadpspr oaches to | ealjp#
are |l ooking at technol ogi e I d int
curricul a; and while the al mo
certainly have a modul e f i nsti
tions need to be careful ogi e
they are bringing into the en wi
concern for their educatio
Dr. Dave Yearwood [11], afs : : ty o
North Dakot a, states that S 1 9 dSSTr 0O
technol ogies can be real|zl§|dgubruet1on[DayguwInee105| Mot acdrod sdu
careful to use such tool s in a pedagogically responsib
manner .0 YearwoodOos assertiWhmati smaiypg ®rdtagyd dioy nat rwerckerts
article in Education Worl dtiwhe,r ec @dmehmas od X JARYTr ensa kKW&I & hre
statement that while thereodrea nangyorek,ampl esveh tskeeohads,
of technology in education, nichiemsedr d imenyecesesaryf foorri |
uses of technology. Great téaehdrmnssensindtvidee otfecthmal gl
a crutch, but rather as a @ouepke¢| ant hi Joreragdry gpoheost osn [t
that those teachers who madteere ststag Yu steo oafc htieecvhen od oggoyo d ne>
curricula are those who héawad Udeveemped \erey asstsielsls nfeonrt
strategies that are necessiamaget ot ot rsthioyw eipa ldwatien gt Hehep @)
mance of thenhaneehnptopgcpsai Thewbytehehonly two human
ers have developed the ecéosavey eskindli vé dtual so whoe Wed €h r
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required holding a positioweflbnow istusifh8hedThenNahi oralt
such as having onedés bootsmpolsshaetdi ofhoONHBAY hal sotysessr
around them was | ikely busgdmmag -avaiygt hxi gmntail wi t[yL,L9]t. hePi mdr o
and animals that moved t hrwiulglh ¢ dret isnue etts ssarmpd ymanmow e
too fast to be recorded infltdwsofhilsitghti candnaagteh grl 3fJo.r nish
son that can be learned fraom thiec hictaoaric nhotoaoraph is
vant in education because s are
ployed in classroom settin han i
trate essential fundament .

Bl ooms Taxonomy of Educat as
named for its originator, 1950s
breaks down educational ob i n
hierarchical order, wi t h | |l edg
the base and the highest C top
The case study described h pi nh
camer as, illustrates one a ef fe
in moving students beyond 2 in
the higher |l evel s of unde.l al
teachi nghicmkitngadki |l | s.

Pinhole Case St uc

Explanation of Pinh

Pinhole photography i s alHigabeouz. toaghtr oPlaltihnghrloiught Pi nBr
constructpirmpfaehicgmtsur-ei zvéed h a single pin

hole of precise size, shap@,egahcgrpro@(@rnigi/dt@rtahteiog)pcss
surface of the enclosur e, an image of the outside world
be captured through the hol gphekidBtetayvehiPgdsrheterthens
sure throiumgporttharnt aﬂilnho—lepicrpm6|aé:t5hdslto r}oatp% including
sensitive materi al locatedggal @an@f@ﬁ@k y %@('p‘b‘éluﬁ‘teedtimﬂaf
opposite the hole. The mategd@ad pgaiPhed £ St e fa'pieprpteudrei MyPA ¢
sion of the scene outside tjheg bsox of rpim t he REI EPEGLIgyEg O
pinhole, which is illustratygdqdpinphki gdqueCOZV.er%,ecoafusae d9ihgd
el's in a straight line whegcynobsstyygicted,q t'Rey Pdindw,! €Jé
the space needed for 1Tight | epghrBU¥Bli tReq@UANNalawldSh uil f
ture a perfectly detail ed ql’hotloSggrlap[I*Q.O]_ This formul a, s h
Pinhole photography has been studiepzm centuri(9§) The
great Leonardo da Vinci mentions his e’ of pinhol es as
t ool for art and science iﬂ/h@bés, ”i.‘ahne”Srcardiipufissso[t]h7e]h-éo-léfh%r"l‘t
of the pinhole to control gustadde il tisrdailaNites dos ultri S
been useful to many in the ;fsi glhds wchfveﬁceinegrt%e Oq:nqiegr‘hqi_nee
In 2005, Webster Cash of the Center for "Astrophysics an
Space Ast r eBroounhyd eat p(BLdzsentedSiahC(éor{q]eepht, tmréehty have come u
would essentially become abe‘FnQPa?,'nﬂlﬂli?ec%mfhreEfs'”swsthq'C
used to | ocate far away anghaketventipdlihpyghali (a Id(? B! @aRne
The fAstarshade, 0 as it wasggecablgd, | woudd| o 0§ KasCaXnfss StiSil Wed
of surrounding stars and fgggeus, ol y; sonexlpiogs tg GHMPI nhef 11 Q
di stant pl aneytesarusp atvxoay],OONiHi,hgrpetiné)ﬁltgihndjeéonditiOns and ma
tail to determine the poterRtaiyqleifg%rﬁst hodrt gpilnaan|etf(;romd1|a5’b0
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has been revised and adapsedumumemeus | eévenesofovassdrilely

year s, but mo s t modi ficatmanagd ott h® wactthievi f gt mavthi If & oanl |

Lambrecht and Woodhouse [21]n: a genannkeamamidsg experience
ning and preparation stages,

d:k*\/§ f (2) the cameras were to be constr

authors built prototymgpeoapidnho

ifes the aperfisr e didasndttashet gt t ape, and thin brass shi

|l engt h fios t hghtocalndl enhgotuhgh al umi num beverage cans W
A vector template was arideated

ner [ 17Ri,nhaouteh oRhodafogr alpchyert tFe omermMgrsaver . I n this car

c Technique tecbmgpendbuAappgbinthei dmser was a good ap|]

t

I

=
=
D
® X

wav

deci mal-l1amadbependbegwadotrheusoasdmitngnet ask of cut f
, or application of tmeaslubassd, sthtae-bmati et nfastéi éceaF img tomn
be either briefly discpseesedsiooncah btkeekpbteredl I awaen
ater detail. There are alagd nge wearrd la bd websl iisnh ehda ncdh acruttst i
t hat provide proper aplemtajmeursnaoeesssaanrdy aMassdeomlflrmeat
e calculators that may
ugh care should be take
ng principles of pinhol
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Explanation of the

Pinhole cameras have beeng
to teach -reenlgaitneede rcionngc ept s &
for this application due t
can be scaled up or down t§
udy described here
d by the I ntegrated
Coll ege of Engineerin
The |l earning object

r
he curriculum of an .In
S
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ot wa
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1.Understand the theoretlcpa[edpr
rays and how they applyla{tsoert
graphic i mages. pr|n0|
2. Apply the theoretical prtlnmeP
physical prototypes in g
and photographic images.materI
3.Use oral and visual C 0o mmu_.n;i caat

. . rrefl ect
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One component of this int ropega'cnttlgerd hfglla]atls,ﬁblaﬁcgk't Tc0
wide range of topics, was pq etseaocf iu (T
students about the p&stehnsolftnvleght it
material, and how those th] an
technol ogy. A pinhole c¢came |2
right balatno:redt—nrfstsam'cplceomponeen
to engage student s, and fe S
classroom projects. To dev
tivity, the authors had to
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Student Preparation

The agpemdstrategy for
combinatiacsigfhémeemesource

0s, foll owed by the -useorg
video usage, as stated by
higher 1| evel of interactiywv
doubles the time students
this time being virtualize
the efforts of the instruc
mor e interactively invol ve R
classroom approach promot | e == " _ el 5. _le th
students will play in theipgjgwpresbi egttidielntke@reatn Ggepiprehlol
This approach has also proven to be desirable with the
duced contact hours that o . ng to
experience.
\ X |
: N 7. Pinhole Materi al and To

\ i
Figure 4. Prototype Pinhole C

.

Camera Assembly and \
With all/l of the required constr
ed their own pinhol e camer mat t
board material as t-$h)e. pTloay
supplied with duct tape anWes o fol
the flat mat erdtadhed oinmgt d it
phasis was placed on neatr avoi
potent-iadaksé$i ght

8. Student -BRairrd Msosxe mbl i ng
Figure 5.
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Students wereuthbdmagisvemi msegeohe ofqgureeraeni ngf-udnslietairvnei npme
inch by 0.005 inches thickwasWiadcaitnhalto,adteldeyi nweor € heu pmIxie

with a-twomipemci l that had andetwheg hekdheounsedeedi th ¢t
backwards into the penC|Iosseetrajsperthellera\smmgsat(csuate dneguhl &
an inch of exposed needl e et T 1 0 o B Whi_ | e pr
ing down with even pressu : i br a
shim withentteoheettkee penci

ployed a drilling motion t ateri
Once the backside of the b hey u
fi-oeit sandpaper on the di t he
brass only where the needl|I at e.
process took a steady hand y kne
the quality and size of th succ
photograph.

To check their wor k, st hol e
shims into the film carri rger
focused the 1|light shining Th
light took the shape of th y mmet
or jagged wedges. Once the of t !
pinhol es, they secured the - dar k t
and fashioned small flaps Riguce v®e.r Sth@enp|snhe$@mblﬁ|nnglty|
outside so that they could contral avnnecn They w
then free to | oad-bieheaghtamd g

phostsensitive paper and ven! : 1bject
to photograph. The photoce "j

darkroom to develop, but ¢ “»\“"""M‘”‘L insta
type fil m, or even digital "\ L strat
ent husiasm for the process \ i ckly
they went about their test il 5 per
This was encouraging as it N d | ev
of engagement with the stu:

Whil e there was success il cvupe us S k'wb—wuq e w he ma
-board pinhole cameras, the'ﬁlguaf@kéﬂ dﬁjlrnabith‘-ﬂtR/'yaerderﬁquUhlor
excessive amounts efr otodpe Alnmtkean t hem | inoht

material was needed tol acnkpi ' :
properties. Ai salppplyywdod u

meet those needs. Not onl y = but
laser cutter coul d ejacsiintye (S

tern was wused at the \*"""‘“ ~ 4 / st ud
used wood glue to assembl e 9 an
10). They placed vertical t he
corners in an attempt to bl ough
glued joints. Some pieces i mply
not fit together tightly k1
from ent erciung ,f essa Isansaetrc he s_

for a final l ayer of 1light

The same type of brass sh new
pinholes and again secured nsi de
the bo beht ndonmat tpalee. Stu .

pride in constructing these wooden pl e cameras than
they did wiotah dt vermaobns, whighr§ sllansl'ﬂncbeo“rttsaﬁ’fepari“9 to
000000000000000000000000000000000000000000000016000
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Al of the students were gbafaetto ge@osnognqa d<errdapf| & fic o
nizable photograph out of their mer as. students t
sever al tries to get the ti rl]lg It '@arﬂerrda{erprtooj eecxtpocs0
photographs pr opé€lrdl)y. (Ssoemse |t]ggqr ons for t he
graphs were of much hlgheregualtlh €h 5selj Lz?é
to the precision of the plinrmpéreena,[n nq“é'?‘%ﬂtiyero C@jmee ta
struction. I ndirect observg LRYF c5\ﬁemr ttoeolfsacsuucthy anae 5bnee
conducting the | ab were use t O aPrd |alg AESESS tl?ehe;?cetd
these observations suggest g Bﬂgiréhy'r:o éug{anttshea? gener
seemed to enjoy the resultsprog}cetdrherler i W0 khe manufacturinog
pl ace, I students wore saf et
be awa of their surrounding:
used h

a
re
ad specific safet-gffcont
t
w

switch 0] interrupt power t o
opened hile in operation. Pro
necessity when working with tt
fl ammabl e and created fumes t
the outside.

Though there are many technol
fully employed in engineering
priate for every stage of t he
Bl ooms Taxonomy, l earning shou
and gradually be increased in
nol ogies hide their inner work
it more difficuldt for some st
concepts. It is this |l ack of ¢
studies have shown resul't i n
progr ams,; but, by incorporati
technologies I|ike the pinhole
the classroom, students are gi
a better understanding of the
as a result, may be more |i ke
progr ams. The activity |l ends i
or down to accommodate differ:
even at the most basic |l evel,
Figure 13. Student tionalonhdreds ning experience w
sorb the principles of phot ogrt
el s, students can be taught i
matical concepts, and the pinh
form for testing multiple vari
not contain darkroom facilitie
p

iment with the use of digital pinhole photography. This was
experimented with other parts
excellent results and could pr
more advanced study of the to
mo st di gd eals siendlea camer as
prove suitable for a pinhole ¢
be easily returned to its origd
experi ment .

Figure 14. Student Photo 3
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The modifications necessar ffo t i c version are onl
applied to the body cap, IRlectl écgnléb Céur$chased i nexpen
sively from a variety of squrces nd th f S ntio
earlier, or modified versi Fo?cﬁ@%”ses ? %uis? rjll%to t%e
mine the ideal aperture size E’H}ht gV hee
ic focal |l ength of the cam 1 $fie ER}]TB%( ? %qa O'?JY
platform makes it easy to ezxdedrrlurﬁent Wi Sf nge 9' IS
exposure times as well as apeér}%rev'salz EE gu ne €rgn
onferenc ng-i eer|ng E
[ 3]1Kel l vy, MVha(tZ(DJal:hnoll\beng Yvo a rkt:
Vi king.
[ 41Art hur , B. THw n&t0wr9) . o f t e
What it is andLdhamdvon:t @lvaoy s
|l ves.
[ 5]Wol f, W. (19DO¢ e nbedv) & iz r
academi cal vill age( A.n Brhoemli
I ntervi ewer)
[ 6]LIi ght man, A. Sarewitz, D. .
Living with the genie: Essa
guest for hunwan hinagt emy DC:
Press
[ 7]Koebler, J. (2012, April 19
ses are killingReSTrE M vaadh iFeev
ary 20, 2015, from u. S.
WWW. usnews.com/-news/ bl ogs/ s
tion/ 20 W2/edut/ hB/seexsper t

Figure 15. Testing DSLR Pinhol e @a{jpuca
] ki'l-ste@mhi evement

[ 8]Kni ght, D. W. Carl son, L.
2007)mproving engineering |
througdonhamne&sas m -ybeaasre dd e sfiigrns t
j ec3tdst. I nternational Confer
Engineering (Hd3uc.atHoonno | ul u.

[ 9]Lof t us, M. (2013, September
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ther mor e, i ndustri al experyiesticen aamodn gmi esrsg iome eorfi ntghe a
technol ogy faculty is desi rmpadgralm will be housed and
Mat hemati cal Rigor : At whaor | ewvieversshiotuy™ the rigor

of the mathematical cont efntL adbfortah e rd/é dreed upreo dgri am bBAh a
set? Mathematics <cour ses olfdctnurdecarsvbed cago rglat eavmaaysse,tl a b o
ensuring t-gaal ionyysthuiddeént swonak ? i Eat aktaeagi neering-techn

t o utipwirsi on courses. Some eMduexapgorisemsee imMmatheen as an
mati cal rigor as the dividtiingndli nset rbacttengeye n[ 1e2ngi neer -
ing programs and engineefibDgl itweerhynoMode: pWiolglr ame pr c
[ 6] . 't is possible, howevearr,adtiapeomsadnpmpdte mat lberma tni
cal content to the extent mbat, tbe so0thesbbtihelr meldewarn
of the degree program expertii@mcehsasa gnaeignaetd vien i mmaet t ar
due to Ilimitations on thegawmndbeo pHysdrcemdi tsphoeyfsas
which may be required. physical expansion, have f
Empl oyer Demand: Wh a't i s tmany epramgr amso nign ploi-gher edu
tenti al empl oyers for gradtuabas af thenemew dro mewlty d
revised degree program? EmpAdmpegregisvemabyuidedi ingc @mroj ect s
rectly seeking skills and kreowlhed gceo nfvreonm eenncgei naenedr i fnlge x
graduates that are more al Rgesedr wht  hndhosae¢ eskitlhlag asntd
knowl edge acquired by engi mweermi nognltienceh nood wrgsye sgriasl - ver
uates [7]. indicat e, however, that the
Competition from Degree PhAegdédmskwi {engtihmil aeadi ng
Content : Do programs, whicWwi talt et sdahmdlaagyt oarteheprddéd-l em
gree program being designedfoontoneempluanédonekildgi?> A
I f so, what is the |l evel ofonrhamlketl|l esaartnuirnagt i tomatf ofr ngl &
ates of the new or newly r evdesisgneadndprprgoamer? pl anning
Academic Relevance: Are grddust dss peepasady ffoar a su

research or graduate schools?rRtiegda&cddéd&8hic relevance
and industrial relevance f ®¢tzer o fandeofltagmgeitn Andmearie
tion with one another, as Mmaonddf drn & her a@rsadm Gofi nt kee
report commi ssioned by thedefsmgmiddsmgsediPrety for
Engineering Education [ 8]Y. AGceredat@metl iomd Fafctde cadaerh,at

the trend in engineering armdntteatpdiad eld ecdhuacnagtei ofnr coni t &n
has been to emphasize theotieve®al knowl edge and to

demphasi ze, at l eastont o sPomegr amt ®o0 b u s thraengss: Wh at i s
|l earning. Il ndustrial const iotf uarhtes ,c uhrawecwd ru,m?i nAa ree assuif nf ¢
ly valoe hkaodé$ edge, -basewel It rag itome@anryas incorporated
knowl edge [9]. Prospective students value experien-

tial |l earning as well [ 10Whi ITeh et hviasl ulei sptl aocfe df aocnt oerxsp €ir si
enti al l earning by prospeoatei Mensstglhhdentns oi $ hgendgeresi o
dependent [ 11]. sions with regard to curricull
Resources: What resourceasrerienrequoitéedtt aviddel iovneer & rheet

new and/ or modi fied pr orge laenwv acnccret emmaty? bRee swiugweds as a

may include physical refdacntoes Hoaevroreat ofiineo,rdequitp- |
ment , cl assrooms, c o mp utmaryg blea rndewaerses,aragn d oo tihnecrosr)por a
or intellectual resourceéesdydtarciudlt ye x peorfitevace , i N itbhear
resources, and others). mialyiis imatn ube, abeoagesoaigatced - wi
cern for engineering t elcahbnoorl aotgoyr y d eagnrde e e gpuri opgnreanmis r e s o
requiring a htitogh vreatsivcs bdifdgkeaseésare | i mited, these re
based delivery [5]. negative factor. Many conflict
I nstitutional/ Cultural G orgp attoi btiHe tryee dArfeort hae dwicg isd

and mission associated wiothnf |tilgé nreewsodrutn ewl ypraesdee - of
signed program consistemtethnds cofmpdthiebltey pwi tdhestchié bed

00000000000000000000000000000000000000000000000000
A YSTEMAWEC GHTRAICTORP PROAEBICURRI CUIDE | GNMENGI NEERNNNDBECHNI CAL 47
DEGREHROGRAMS



000000000000000000000000000080000000000000003000719dd20

process and add value both from the gerspective of the
ministration and from the perspectlvawlo?‘ the facud4)ry a
constituents [17]. =1

Using this approach, all fact
A Systematic Wei ghtk—:‘hd3 OFea'cSt'efr aA P ¢®@ alg fylon ltih
f C . | D f [3 i erences 1 n relati
or urriculum Desigie BECinSin8n S whtcn are 1y
tions, are normalized to the ¢
As a genemalkldgcrfmammework,,st@@rfwdarlrgéqdegmy by the wei

factor index method is progg$egnbgyeabg]|ea’h@of@qhiéorfsacttq
employed in curriculum desisgmedagii9in0NsOn&ree Q}Chfal\ﬁgaﬂgé]%f@dq:laﬂc
ing orders of magnitude andgtexdp rfepsrs eeda cihn cdiirfrfi @il Mg YRis|
Industrial relevance may beg heXPlhpiseoh Soviad.utel, dgmadh dep loce
ontedi ve Likert scale, or ag ot hphe Q\h%r%m?eqﬁotrh%hbegélt fr

a question on a survey deployed to industri al constitue
while the need for new or a d| n I bo to
may be expressed in unlts AH Ekoa Iédrde fﬁ]éthﬂoﬁé’[alg
of dollars. For purposes Qanh)@rdsdnr] tGaUsrer a0 UdsUmus!
normalized so that their magnitudes are of the same ord
and rendered dimensionless. TAdi $ecbbnalcapgynpandh€dnshroagi
the use of Equation (1) or mequatdtonM( 3our i State Univer
review and revision process fo
b, = valueof factori for candidatg (1) gram in Technology Management
largestcandidatdactor valieunderconsiderabn 2013. The program, as it exi s
wei ghted toward "enterprise sk

smallestandidatdactor valeunderconsiderabn
b, = (2) 9 Personnel Management and Su

ij . . .
valueof factori for candidatg 1 Production Management

T Financi al Management

whebes scaled factor i for gapdpbfdate MBEhhEBmEnt

. ) i1 Safety Managemen
Equation (1) is employed V‘ﬁ]heArbclo%hg?néaCtor values are
desirable and Equation (2) iI's employed when smal.l val ue
of the factor being consideTrhed ar.e q ir brﬂer' c fzil t
have been selected and scahgﬁleijeslltéloﬂieeﬁSZ&%a?opEglg%E?@?nﬁ%Q%E
Equati on (2), Equati on (3)mai§caelmp§|oé'8|d 4 Pd Ctoe”bhinnieca I c
scaled factors to arrive aty & V‘bee'egntreedecaeCotoévérndgx'peHo
n series of discussions was helc
9, =a Wb, (3) trom industry with the objecti
h i=1 teristics of successful progr
where, otential for graduates of the
3 =performance index (alS%I%W%%%taspt)ttheentv‘ﬁedlghltSP gradua
factor index) for alterr}aotglvaem_j;A consensus devel be

W, = weighting factor for SCE%IerC{cfu"’}%torcr'it(eari easur e o?

the i mportance associateo[ wi t h tmhe factor) ;
n =the number of factors uonh\é/p%culatsh% q]%%dsf%rl] ii%crea

to be based the degree program
| f Equations (1) and (2) a‘u eThaepupl?dptenaort%rqblre?%ccotsmp)}l Ieltsét] CO"ZFP
sion alternati vegsva(l aptsi carnse) sw.%}}e iloarrge. p h
to thosegwalthesmaFor the purﬂp ESISF 'e?_ahtFﬂ tent o t
factor assignment, it i s goodql H&@Initéé( BCehm ?%Q’E%%raé'i

(4) : neering de3|gn_c tent "an

tomation, sensing, and cont
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Based on these discussions Wyrasweiefht a6i mmo ratnaar gyes)i sa sosfi o

i sting, similar programs in theredteawvtasnca&nd each of its
nei ghboring states, the exiVWtdnwei Dhahn{olmpepy t Maoappemsnt g
B. S. degree program was transformedi t mtioormaln/eowd lyt urreavli scex
program |l eading to the BachWj]ce=r weif g hStc i aesnscieg niend Meoc haacrcir cead
Engineering Technology. Numerous curriculum design de-
cisions were made in |light Béfdme begiommemg etdh e uamalcwd iug
criteria from industry as baebrosvewerteat edns Wlnteeds uarmd dtelté s f
deal t with the amount of eingreegpri se skill content whi c
should remain in the newly redesigned curricul um. I'n th
example, the following fact Ws=wWerdd empl oyed:
WAR:0-25
f I'ndustrial RelevanbelikeicuaOedSusing a 1
scal e) Wacr= 0. 30
1T Academic Relevanceb5 (kevkbeovated using a 1
scal e) Under this scenario (Scenari o
T Intellectual Resources (tdwealdestierdabusliintgy alnf reosn jianat @&ac
required dollar amount) curricular changes were weight
T Institutional/Cultural Caocn@pdaetnjlbc,|r,quV(aenVcae| uat ® d! Nstiinlg
a-51 Likert scale) he contemplated changes.
1 Accreditation Fact—5rsL|k@f@l'ddtoé’@luélnﬁflée‘itual resout
scal e) ose factors ®enumerated usi ng
was defined as high; a value ¢
At this stage of analysis,Niigh:wdfs Vidd di€e £rf  3h MaFe d e H & €d
sion/exclusion of enterpri d6TEBREeds TR BhEVRLYi 58%W: pRBE
would require additional i hP& | d@PL& 1r886&1¢8stNenbi 6T
evaluated were: factor.
T Option 1: Il nclude no entTélbb?|]SeLé(§ﬁ en%calrﬁ3 Yahleuense\;“'yo
redesigned curricul um. Optipn IR AR | CcC ACR
T Option 2: I nclude enter p+ritser—content—ecomprirsing{ap-
proxi mately 5% of the degrlee |pr2ognant 2 3
T Option 3: I nclude enterprise|] contlent com§r|5|ng ap-
proxi mately 10% of the degTed p3rocra3m. 3
f Option 4: Include enterprigse| cgntientg clompri|jsifg [ap-
proxi mately 15% of t he egree program
4 4 2 4 2
The following variables were—emptoyed:
) able 2 details the scaled fa
IR =the value of '”dUStr'ao'pt|eo|neVaanndcefacotrorOPtNoot”elthat S
AR =the value of academic ;rygl ev\)’aasncdeemorrabqpet'OE”unat|on (1
I GC=the value of instituti;qgmnal ocfuea%rhalvaclour%paptr'ebs'e|nteyd i
for option |
ACR= t he valu_e of deS'rab'_'T'atb_}’e(i.rOsﬁéaﬁl@dalﬁécrteodr"\/QFlhé)s” by
perspective) for optiopopn |
bhrj = scaled factor of industopitapnmel pvepce 6 or| omdgi on j
bprj = scal ed factor of academi—et etevance ot optTon |j
bicci=scaled factor of inst{tudtipn&I¥%ulltufal->5 0.75
compatibility for optjo i
Pacrj= scal ed factor of accradinzra i%'n75 poq'i7r5 h0|'|7i5ty0'f705r
option |j 3 1.0 0.75 O0.75 0.75
W r =weight (importance) agst+ognegd—tor—+ndustri=a
rel evance 4 1.0 0.5 1 0.5
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ThBpalue for Opti 1 is 9pkieleldsatt ed acso uarns eesx. a mpfl e Op Ai on
i

i on
| arger value of ndustrial woeldvaecpowasbdest habl eanamadn
resul t, Equation (1) was eanppplrooyxeidmat Elwg uBbdB6phpO8ODNd wnrdruesd rfi
relevance value, as presentuédyi noTaelr & eldaesaritsmernuta habor usrhst
dustri al relevance value f carddOptiioomm| 1l cwausr s2e.s T(hreat: ent er |
of fered by the department. | f

b _2_050 additional funds wdheapdar thmee nit e ¢

R1I™ 4 ™™ junct faculty, but funding at

woul d be requi roefle ptac t meotvi ched

The weighted factor i ndexf afcourl t@ptfiocorn ald dcictulodn atr kedsretckh d o
calcul at ed: cour ses. | f Option 3  wefr e pu

depart ment adjunct faculty fu
9, =0.300.50 +0.291) +0.150.50) + 0.300.75 = 0.70 Option 4 werelde@uarstureadnt oad] un ¢
requirements were estimated a

Table 3 presents the weightddtifaocabri nhdkekewtallailesr €ead «n
|l ated for each option. Thewealplti @anst hénsoalded DbDéactsamevalb
were Option 3 (10% enterpristelcloatctemal , r Opoumne 2 U rbd® re ne
terprise content), Option dcr(ilph% Aeéntwarspruisea tontenbd) e &
Option 1 (no enterprise content). The assignment of di f f
ent wei ghts may change theTabdsult Wei gthhed cFaalca wlk at m denx. V8
pose the weighting employedVewehtei cohaSegemet o:
Wg=0.20 Opti on g;
War = 0.50 1 0.79
W|CC:O.15
Wacr= 0. 15 2 0.75
3 0.80
Table 3. Weighted Factor | ndef value4s 0 68
Option of
Tabl e 5. Intell ectual Resource Fu
1 0. 70 Factor Values
2 0.75 - .
Optijlon ntellectual Rlesobhgce | Fundi
3 0. 83
1 $15, 000 0.50
4 0.73
2 $7,500 1.0
Then the results present el|d 3in Tablg154 oco@ulc be srpelached
Her e, a mu c h greater emp h gsi—s W-a—S —aced O academi c
relevance, while the imporftahcle asso$cz|af5@91 W|th0 Sadch of
ot her factors was reduced. Under this cenario Scenarlo
the options, in order of s@ﬁé‘rcleoraltsmalv{/eerre eC)Sthe”djn g1 ¢ 11
enterprise content), Optiomc®!lEdfo e""nctteorprV|asIueS nd &lhitneaty
2 (5% enterprise content) Usagnngd &pglviadd oR (@Ahl%oréln@%?'ﬁ‘?'irgg
content). Note that under Bl hestceth ar$o 2l §r¥@m8&§narT|ho_e
the pursuit of Option 3 §m|°n'6‘|tc£tr@§e”,5\§da'lneér@ltl,e Pt | ®
concluded that the senS|t|\)"’|ht' €o ft tehls””dde'c”|gsiroer1qW|rte|1drfe‘b
changes in the relative wefi@htlt o industrial relevance
academic relevance is relatively al 7,500
AFl$5000
third scenario was evaluated. I n hi

S scenario (S
9 Ntek t WG Vi’ee's%*htr%c
%arﬁdﬂeﬁré Ot% a ¥R e fimo

superior

A

), it was assumed that addT|atbi|oenaq qrq
he form of adjunct facultyaw6d 4NHE" ¢
at additi onadf epeattimems &fhtt'e%rbsrvls'en
o}

e
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prise content), Option 3 (pbwsenvbérpewserognaeni mpl emeht
tion 4 (5% enterprise contdag)jeeapdo@Ppamomay Gro peratserdp !
content) being equally undediasahbl é.n, Unmdaeyr ptrhei sse nstc ecnaamp loe
inclusion of monetary consmadye rbaet i menrsi taesds acni aotredde r wit toh f b h
potenti al need for additiobnhhl sapgiobcemfasuWwelyl resul ted i
emergence of Option 2 as the most desirable option. Si n
Option 3 was most desirahbl fdérr écne&aélsos 1 and 2, an
was ranked as second most de [ abl e r Scenar|o 3, tI

selection of this option |nd cat Iu3|
newly redesigned Mechanlcal[lég ll%E?fAl_lflé QQP’”@& djcdvf cfjura r}
riculum at Missour.i State Uni 4L 88Psi% eacher b on R
Canal‘dcaélll Journal ( D),- ElduXx s

Tabl e 6. Wei ghted Factor 1 ndex Vz}l_5u5e's I ncluding Intellect
Resource Funding Estimates [ 2]Dieter, G- E-, & Slfghmle(btrlnlf-
Desi{®md. ). New Yorki,l INY: Mc
Option gj [3]DeLyser, R. R. , Ros a, A. J
1 0 63 (19%n)d.ergraduate Engineerir
i sion at t he UniPrercseietdy ng $§
2 0.83 Frontiers ,in(pEpd9ddesiadn Lak

City uT.

3 0. 74 [4]1Ceci |, J ., (2004) . Il nnovat i
4 0.63 Manufacturing En gPirmecesreidn gn g E
of the 2004 American Soci et
. tion Annual Conference & Ex
Concl usion [5]Barbieri, E., & Fitzgibbon,
tional Paradigm for Engine
I'n this paper, the use of theewWwRhohbgprbaetatngndex mat
as a decision support tool foNAFWIME ClUuntudy deSji dRalpBED O
presented and discussed. Usingpbjllgg meNtagcp,q,cpth@y,TNubject
ity may be minimized and rational decisions may be made [ 6]Wi |l |l iams P. ] 010) Te

) . C
during the conflict resolutiogjpdasiend Aydgjoﬁorﬁjaulwom,fedoer%lc%
o] [ u

redesign. This methodology isst@adi(dy, cldetomized to inc

factors and conS|dpeatfoospppgrmtsnthRathon Jones, M. P .

addition, a practical exampleMéralkfeglcthrromhgthgngpﬂgépgrmachfl
academic program at Missouri gtate ugﬁx|pV|e0rrs,|ntgy WRE PSfiendig
ed The effects of inclusion/f&cCH sl Py 0|fntveq4’flaq:(l,é:§|fnq@trq1l
the deaksingnprocess, as we|B]@grcd@in,ger. i n. thQQqua— Engi
tive importance associated Wibarf,' mr}ggga%amﬁua|we¢@nfléﬂ@§ég
I't should be noted that subjewggml,t]gt(yv,as Present in the
od described herassdgmimegt tioyy mwe cT@UMiriner, P., & Fischetti,
the analysis. It is recommenc¢ed ptelyatl opmehtasthadl d:nNfpe,
sensitivity analysis, such asp ddqdnPresaEmiEd oif N Tlelhich eR a ¥
employed to determine the exgteg)nt to which ~changes i n

weight assignment affect theoddmhadi Icionchusi @newdgdhie, am:
sis I'n addition, it should headepheddidade drho @rci@@ B
presented here is wuseful W'thAf@iglaEIG’eé0T§ﬁ/éidﬂ$ﬂ'rﬁ££/ltn|@drﬁésls
tions for curriculum design, pnial bF BEPFi needeSriilnyg REBleA¥ B
make specific curriculum ch0|-qg$ with regard to the sel.
tion of one course over anpthgirctwodeltihe gdet gi | ed o@mtoan tc
particular course. Djuric, A., & Yaprak, E. (z:

RoboBassd I nitiatives t o

En
No discussion was presented rienertTfén'cg?nnBﬁlégé/ nagardizgee 4k
i mpl ementation of the curricuimz)_cdh@anges etermined wusir

the systematic weighted factor approach The transitio
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2010 [10], only 20% of bacakibrés, déegwwees whi EMEMIr gi Qlad :
are earned by women [11]. @rhitlhde emt hoefr ehxapnadt,s rleL]lent Oseé ud
showed that more women thademesn até¢ af eamal edaacmel ardsprdevi
gree, but the degrees are mntd icnl aSsTsEM ofnise | [dls3] .Thennd @B Or
women attaining a STEM degn&€&NiGy fadr Qadsag tUnan emen .t yS twad
ies showed that the highesdermpamrdadwatpaate momi rfdeerlidngo fp rsotgu da
women fr-a2ml1a@d9®ds psychol ogyt udvd rtths . moQuwer rtehnatnl vy, the col |l
60% of psychology degrees dhdagatht pi feod kywgwomen i [nhO0Jedudma

the other hand, female par teiigihgatumderigr asdcueetneceemagidneaqgi
ing remains below 30% dur i rpg otghhea nmssag mea npde roinoed . P hR ep.r epsreond rac
tion of women in STEM educatlierd anhddemtr®e[r54]does not
reflect their percentage in the U.S. popul ation; thus, i
role of educators to provi dehea h@alglha ge tohfatE nngiignhete rd fnfgs ehto
gender balance in STEM eduaometniten aArdc ltiatr ectrisr. e and Ur ban
Chemi cal Engineering (both ge
While the | ow participati dmar @&t eondfy)wo @eompiurt e3TEM i edLc-e
cation and careers is a natdieoarsgl, peErlcekcltem cian tewinegilh.eXk.r,i ntgh
is different in the state o&l Qamakre A&rokyydand L oddadtr iMal
of Devel opment Pl anning anodnl §f)at iTshtei c&Go,l liemget béi rEngenea
comprehensive soci al stati $wooircalt or epemt tdurwiomge nt hwee r e riinc
20@3d 12, female students reppreedeangtdd @DBLpf f alhleoweod ady ¢
students enrolled at-20bRPveernadti eatduyinlgetdélee 2t0rlilcal eng
demic year [12], and the percentage rate of female gradu
with college degrees was 6q'°/h@f |:_t|h%dptra|l CdaapreEﬁgaFtnae|
[12] . When | ooking at t he emal e par i Ci ion
education in the state of r, % the u t.s n
in STEM education are femalbit};%teqedoer f’rq 1;2:]e.eerﬁdn rpéelen;étnrgi caa
) . areas: power systems and tel ec¢
Qat ar Uni versity ment has a graduate program o

Ph. D. degree programs. The EE
Qatar University was the fmald ®t shatdieanal | @Goltlhegd adfl Bducdc
tion established in 1973, femhbwei s uaedésrearby | ede i Bmitr

Qat ar in his wvision to pl ascieveedgurcoawtiho,n gaosi nag g rrioomw iotnyl yi r
statebs growth and expansi®nhuddmtsi tisn f201st [yleba]r., Ttahbel ec o
admitted a total of 150 stwidesxntsf bwdehudiadge 5a7n dmafl eemaal ned
femal e student s. No w, QatarolWdi vierss]li 29 THe at2haell 8am Icy ye@adrn o
uni versity in the state ofshuawed ,159 D9 cfaeg mal @ ns tDobcheant st han
capital [ 13]. I'n the fall tooft a2 0 lo4, 3t80e sttatdelnt en i dl5l] me nTt
over 16,000 students. Arabbatess bbehl mageaaqe doff eimag ter, u cd
in educati on, arts, and s oclihael EsEdD ehmacde si tcso U ri sresa Q0 1f gehmnail eeh By
is the | anguage of instructbobal iof nh3 ugraddwsatiiemg e[s] 5]e.ngi
i ng, and business courses.

One of the authors in this s
The wuniversity cur ddmtliIsy admatsarselnenvecacl tggessaching 30 f
Sciences, Business and Ecomrari cesn,giBdkwraadtnigo d,e pEamrgineenetr,i nwgt

Law, Sharia and I slamic Stofi edbe anhddantCeliegehefelPdat mis

cyand a -tsadaadleenrt rati o of 13:t1 . waWherurptrude mtgs aaarde encour acg
first admitted, they are emmgel lodd fiemad el Bd wrdedattisorc oMrso glre
which ensures that t he at taicnanrteendr ,ofwhskiel lig $8ch abr unnd
Engl i sh, and computer t ec hiieslepegaly fenaeto consider. engifefringeasacaceam. mp | e t
ing the Foundation ProgramThet gdewtd ame emeady meamtemwasl |
their respective majors [ 1f3dr. e&mgiamre eUnsi vderrisvieny bhya st hae vee
diverse environment; the sttwderetd bbheéy coepteyemnins o52 heratwk
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Table 1. EED Enroll ments Texas A&M University, Georget ¢
: negie Mellon University. Addi
A & B GEIEeT el @) 7 mel IOt 8, ment of the Qatar Science and
200629010 93 28 121 2004 [18], Qat ar has the firs
50 1200 11 115 40 155 science park thatlllnks _acadel
and promotidbgsédchmdlusgyi es.
20121012 127 77 204 sidered an international hub
501220 13 136 98 534 tion, and entrepreneurship.
20RD14 221 159 380 I n this paper, the authors di
and motivations for consi der.
Table 2. EED Graduates among both male and female el
Ac ad egymiaa Mal e[ Femal Tot a dgnts, and how these can help
riences of female engineering
206280009 9 0 9 neering department at Qatar Ur
20629 10 13 0 13 t he authqrs propose thoughts_t
der gap in STEM fields and in
20120011 15 0 15 female student s, mainly in enq
201210 1 2 28 13 41 based on the | essons | earned f
2012201 3 17 7 24
Study Methodol ogy a
20114 27 8 35
With the goal of under standi
Background plents have d.eveloped.(and.wMI
interest, mainly engineering,
Human devel opment throughqiuﬁacsrtéé)snescﬁ roeplpaotretdunti.ot|r<]e(:3swa98ta
. el ecttic.a en'gi neer.ing, as a (
academic support for Qatar|thV}/omen 4SO f tghre four, p g
of t he Qatar Nati onal Visiotp Egﬁl{/g %05’@ Elg]. QMQ 91?3
. LA . St u pt ] h. el'ectrica en
defines theteomnobyéstilveyg or rapsforrﬂLng
. unt ver si y . Thi,s S Y,V ey, cond
the state of Qat ar i nto an advanlced counitw y  2°003 0 Wi,
| ans for the devel opment 3 53 ViPi. uhnlt'f:lrélklalnledanotneyc °n'cl" o
P i o' A B " ot T N atli ©hs DG t D n%Y
l'y competent, motivated WO{_kaB%e é{)i\lpereB]a ?hgatsahrrvteorv\
successful t r an shiatsiealn -a tde g&mga&eowajﬁgg?e al responsesyre
ture. According to a Rand Poundation smtucf)), tthe nurpber C
. . .enges., and” moti'vati ons of C
women enr olsleicoghdiam ypestucat i on |sAtW|cefthat .
of men Additionally femalreeepgarticsieg toionquiESt(I:(S)lnlseWéaseéj
. ) . . ’ t|f6y rela%ohdt T T ST uaeh't® 9GS
tion continues to increase [ 16].. . .
ttri c'a’l engineering, as a caree
Invgstlng |n_educat|0n, eS‘PﬁfeCI i”%(t Aataretarolfy t Hh%e Sy Iefil/y
cruci al role in the futuretho %]if%ot%wdeactl?inoonmyin |venS ta
current shortage of Qatari.s?uafan |e{1 efest JI.E S éﬁ ec1IU(
. i n.g S Hden S b M groeers.
tion, and the wundersupply tohfeiar vriae'wn%qn%sE bgvgé% ghte
i ncreasing attention has been aid 8§°48a8v et p i n i_nnov,at
. . sentPnSg ronugYay ARG atnd 1
tools for i mproved teachlng 0°f4 r'I'E Ieedt Cstﬂfﬁ)eht Qtaeeacri 4
one of the most socially gg\r/{:}récedeugn icpnosfloflcalalry fpaﬁm
countries in the region; Qalfar hal p%aced al'grRAah em'pha%
. S a_set ‘of gues |g%n§ for. 'de
on education and i s curreanf‘Mdcopsnder% a u or cl el
engineering and technologS e840 %hy | bh |%t%rhewel\[i.6ddllne .el%raes“
T %earch %o?lns wern e t .0 |der]:t| Vi
and gulf region. Through the FHRPOT of . he Qat.ar o.un’d
. L .1 § & ect.rical. engineering
tion [17], a number of Iead|n% . . uni ver.si t’ies, .have {
’ . caLeer aEnd npqssubly ut i 17i zZe
campuses in Qatar Education n'dt¥' =52 i ep r%f ug{\dggs t
in the education city incl §§¢& e i 19 pCornenq .%\ged|ca 'Sl o
reasons theéy considered choosi
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Students were given the fo1lalbd\m|5g MaelteIEémaﬁRstr§sttﬂdieantréiasp)
and were asked to select SUrTOT QOS] BnS arlerefl
student feedback, both mal Y Ur vey
questions part 4. What are the reasons you ed wher
Engineering as a career?
Tabl e 3. Femal e iBaAutdedat Respojmyels is my passion 54 %
. Over alllb) The job potential in Qat g nd6pPegi onal
Survey Questions
rat e c) The starting salary for f h2&8p0gi neer |
. My school did prepapre; meg ey reameld ys wal deeliodr €10elct aW3mngineer i
|l ege? )
9 e) Participating in clubs fd ed %N engi ne
2 Prepar femal e udent s [T orT career, in_ STEM
should be top priorityzle'fe‘)f)5 dEn'd'80% "F n?NQRnespeer Tt fambgy (Dad,
olg) 1t is a very interesting gb&) | engi ncg
3 Compar.i to other |[co Wélcs, Qata+—s—a——de+ng
great jOb teachi ng T%' ihlgMy Hi gh School GPA was hi 4Utgog/oet me ac
Table 4. SPadéntt Responslgs My parents told me 1 had - 0o
Over a j) 1 want to make a differendeé%B8a@%help bui
. [=
Survey Questions rat e k) | was motivated by a schg t @adeher
1. My school did prepare; me, X1 ro mersy meprse ppgcify: W17 %
coll ege? ’
2. Preparing female ud3en8t5‘ fgorWh@@rde@ryolunde$TcEeMyou th study
should be top priori|ty ‘fo sehoots—F—n—Qatat
a) After joining the coll egsg 2 9 %
3. Compar.i to other |coung.fi ., Qatrtar_15s a doing 34 s
great i ob i teachi STSE'I\PS %§ I'n hlg% school 5 7 %
c) In middle school 11 %
DI SCUSS On d) In elementary school % 4 %
e) Early childhood . 0o
Results the survey sh di ff
ences bet ween mal and f al srudentso T ESPD €S . FSe—
. . . [¢] ad th oSt i f Tue'nd ur €Ci ¢
garding lariti , bot néna | &ys c?"%emar]es ¢ chiy rep
ed that, when compared to t—re nmt iUb, t—h 7t0/e of
is doing great job in 2 c Wi are”éﬁ' (gquest,; 31 Add
tionally, both mal and f ejha|Me Fs'tew@ients equall slgpd t ha
job potenti al for engineerc)imy t@aagrpe; and the r i Pon| was
mai n reason for choosing llglllccblllll asS a cat (0 uest.
4) . Mal e udents were mor|® Mné&1% nh"dd to make 1% er en
and help |l ding the countep ymy (9gg aredgdriemtn 4 ) 0 po
. . f) Other relative 7 %
Regarding differences, ma Fe—stuadents—were—mo eoflnlte
on their career chodt®% de¢itd¥@i®earlv chil dhd > %
ed to st engineering i n 5).
mal es, 0| the other hand, repoS e 8 0.5 Itsoerache@;C S dud Qs
as the t when they deci@ded—t+o——study—enginee §— not
er diffe e was probabl y[®aS's"AY ¢ "' culture 179C5°atar'
of f emal udents reporteld) stdpadrtitvk eriaFenpsar ent|ssadh ashe t he
influenc t hei deci si Nn o study engineerfing, cCompat
wi t h nl % of e studfFht?s9°°HWHE6"°Ple IFEUCE!N 8" s|2®mB2%(que st
_6) Par_e are now mor e Pye Boi@iNng aegotgwﬁ,vz@.,sstly @7%mot_ive
ing thei aughters to see degrees ad ob—s) —eingi ne
fields e) Having a role mode{ 2 2 %
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TECHNOLASYERFAREERNATI GNARNALONUMEG UMBNER ,ALE WNTRR) 15



000000000000000000000000000080000000000000003000719dd20

Ot her similarities |ncIudeelfdér]rten/bnésstudy|ng hard ,
the most i mportant factor male and f eme
students highly valued the tance st
achieving success. Both (gd'pl %:I%% rPeerbto '?8%%& 'ad@ )%%%Wogf
ing a good school educatlon tp i%iMf |Sg théd(d b, Era§|‘
were definite keys for succes a6 k¢ '/qu§§fri'@|¥ fjg Updelc
of the historical stereotyp] WoP'%n%‘? e 'fnﬁ’npp—atsaale ilw
mal e dominated field, femal & trﬂ”d%ﬁlég @fﬁg.e\y%df’tgl\ﬂ't (F;Ere.
ing femalfe studhentls for caree‘I:Eras:%]:i%’)ér{n?%}q I%r%gjguc_;\tio;%;lé Batli[soérf
priority or school s in u %ta 'S 0
a difference between malest[gi-ﬁglrfreemlallgs i n(l%q Wi n gt e eCfrfo
of supporting parents as a fac:tC rs & Ny si%éEQ:el%%meWhSiF'éojfuee(?p
students were stildl i n neefj CRReGhon (5)LP '%,kot e daé1
to rely mainly on their hard4] g?ﬁgtﬁg;gng%XAff ;Jooéurc]:tctas_s,/c
ably due to the fact that female students are generally more 9 ; ' L P
critical of their performahtk uaenndz't'_Fn‘]d"tdwaglltﬁf)yvgsghall&e.
themsel ves ence, echnol ogy, ngineer |
(STEM) Educati on |l ssues an
C | . CRS Report for Congress.
onclusi on [6]Bonvillian, W. B (2002) .
) ) The Federation of American
While female students in STEMeg€HFaBi 8hp Qggfzglgg,nﬁaﬁerfg
underrepresented anq ar e ogvm@(;nrbzag|eéi5,byp mal@uzsrﬁgundeths ag.r
t he U.S.,.the case s dlfferem@cémy,ﬁ,heL_s,atK%SQHe@@qa@htg
o f Qatar is enjoying eXCeIOt'C’i“?‘bme(tchr?ao”'FrCengdstWﬂﬁ1 RAfdeFRA
heavily on increasing the oppoditdiidd i 6 @Qﬁi,(ﬁr@m@,g)ongl $
?erNil) fgcr)goQatfa“ women to meet%a?hﬁweﬁ?tat@f _E\ltﬁdda{)tmﬁl‘(dn V:l\ﬁa'dt0|
0 transitioning té&eatciodthitdy, i nto a nowl edge
based,agd gfittadre. I n this pjagjare.mktehe MUt hsoerns da s c upsgsheldi e |
the_ reasons, chall enges, andpmotwvEati &ms | hT.& r neltNi wlindael 1( 12
engineering as a career amo_ngopouhgamanhqqganidnfpn@ahgmgtegg
cal englneerlng_students, W|tgoavgﬁ§_[ 'pps_lz\elzgogsrgggigg
stand the experiences of femaygstein@dtnE®,ri pg: styudent e g dr
electrical engineering departmnaftioabl Qzeatenkver Edburati
- | ‘h - [9t]Ofdfiéce of Scllgence andthTec?h
eartly, e resu S presentpemastf fcPPONVNI €8¢ E€O68MEcitINOUA
Fhat may help balance th_e gendner ghaeladieh gSThM Woel ds | and
|nc.rease.the represe.ntatlo[nlmfatﬂ@mglesgtgﬁg@tspoum@alnﬂ(yn
engineering majors, in the U.g%.sthmalzglatngjgﬁ]tﬁtﬂ@_/Q/a\,p\,@
rep_or_ted that their parents hnasdf1t5r3e11rpch%tf153f_LI1l_JgaqL:e on t
decision to study engineeragaalkWucwhyngobPafeeynt sn o, )p.Ot f
ti al opportunities for femal epostaudepbpm it tPTEMwadbaatiwo
wi || play a considerable rolefdw possibly offsett!ng t he
der gap. A_dd|t|onal_ly, resuliys nsphewed Olfha[)te\,@qtto@rmlen{erpql
student so interest in STEM cagagealrs thardt. §d iRkt hi @ edche
t hus, mor e emphas_ls on teachiyp@. dad gionvd, a9 ipene &l / pAde
working closely _W|th_ high scrhq)oolutt@%erpert%ptmahgé@m@n_teng
neering exploration into theB®hatCdl r Uﬁp{,ggswﬂ)l,l defbanitel
motivate and engage female stfudeenthst ttpo /P wiwwUi @ uSEEM. §a -
reer pathways. [ 14Qat ar University College of
August 7, 2014 from htt

engineering
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[ 15Qat ar University, El ectrenccad Engceeernogyg, Déemad tude mtg. N
(n.d.). Retrieved Auguslteclynol p@¥y¥4 Adeopmm i ket Ophi cs,
www. qu. edu. ga/ engineeri nigdeHrecltagyxalnterface I nternat.

[ 16Rand Foundation Study. @m.dd .S)P.| ERetArdide e d nARIye h DF e v &re
20114 from http:// www. r &iSd. arngl/ cDoOnLt eanwt a/rddasm/ raamdd /a P I
pubs/ monographs/ 2007/ RANDuUusMG6y¥ 4 .apmar ds . Dr . Sergeyev

[ 17Qat ar Foundati on. (n.d.)avsBReguie@wmeéd. Adgust 7, 2014
from http:// www.gf.org. ga

[ 18Qat ar Science & Technol oM OHRMMED GEAYHBRYIEL REAri evteldy a
August 7, 2014 from htt pmdmbvemw. gitst Al aggaq&ni versity.

versity, Deanwad ttthe Uni versit:

i i ence and Technology and the I
Blographles Vocational Education at the Mi
esearch interes
NASSER ALARAXEH T rrently th%nﬁhgghﬁféal i ueation by
neering Technol ogy programatﬁ:S abara 2 WE aesd%apiathy
member at Mi chi gan Technol ogi cal rver reviously,
he taught and developed courses i computer engineering
technol ogy at the University of ClnC|nnat| and Michigar
Technol ogi cal University. Dr . Al arajebds research intere
include processor-ofahichmi tdecsti wgrne System
met hodol oRyryggr Rimenlad | e Gat e Array ( FPGA)
architecture and design methodol ogy, Engineering Technol

ogy Education, and hardware description language model -
i ng. Dr . Al-2alrla4 eF ulsbrai g2h0tl1 3sc hol ar shi p recipi -

ent at Qatar University, where he taught courses on Embe
ded Systems. Additionally, Dr. Al araje is the recipient
NSF award for a digital Iog c design curriculum revision
coll aboration with the oll ege of Lake County in I1l1lino
and the NSF award in collabor tion with the University |
New Mexi co, Drake State Technical Col |l ege, and Chandl er
Gil bert Community Coll ege, to focus on expanding out -
reach activities to increase the awareness of potenti al
|l ege students about career opportunities in electronics
nol ogi es. Dr. Alaraje is a member of the American Soci et
for Engineering Education (ASEE), a member of ASEEO®Ss

El ectrical and Computer Engineering Division, a member o
ASEEGs Engineering Technol ogy Division, a senior member
of t he Il nstitute of El ectrical and El ectronic Enginee
(I EEE) , and a member of the Electrical and Computer Engi
neering Technol ogy Depart ment Heads Associati on
(ECETDHA) . Dr . Al ar aj el amay- be reached at

j e@mt u. edu

ALEKSANDR SERGEYaErw associate professor

in the Electrical Engineering Technology program at Mi c h
gan Tech. He is a faculty advisor for the Robotics Syst
Enterprise and a FANUC certified instructor in robotics.
Sergeyev oversees all activities of the FANUC authorize
certified training center at Mi chi gan Tech. He has deve
oped and taught courses in the areas of robotics and aut
tion, power , electrical machinery, programmabl e l ogi cal
controllers, digital signal processing, and optics. He
strong record publishing in prestigious journals and con
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Al eksandr Sergeyev, Mi chi gan Technol ogical University; N
Scott Kuhl, Mi chi gan Technol ogi cal University; Mi chael
Mar k Kinney, Bay de Noc Community Coll ege; Mar k Hi ghur
Abstract botics wildl be created in the
rapid growth of robotics and
Recentl vy, educators have v:sgc?rce)lfl(ftsﬁt%nfisemwg?roy?%aefrms"](;Ié'l}/ltS%ﬁ-urhree
cation at al | l eve Is, but icshia[ﬁjen@ Sn'E a'c%'nsgﬁg'lf‘biez'e
t he a_ppeal of robotics is_ ro&beotsf.strl? EHY roRg ggrgo.{hn K
iS-r:\I/E(';AI i/ 2 t emroet Sotr .s ! hsee nlsnotresr ¢ aSr Cedlcpeyl)nlt , ayrreya r;lsa_t ulrn(la( toh err k?é]otu ifsg’g twg
useful STEM pe,dagogical’to\gg§ (%Ogg\keﬁﬂ]'éuag]l?sn;t%ageéi gynelafris(b:eb
need for i ndustrial certif ? D o.ersames piln yrcgjlboltni czs.
. . TEE A0 0 RICO & MFec'tMor’ 9%° Hh%s -
bot s are increasingly used s@ C\l &9Ss. 'Cnhdiunsatr rosdeuccteosr Sm troe |
prove producti on throughpuﬂUmb%qllbef r‘paoibrbttasl nuisnegd r,o ti
guality. The benefits of rQ ?tiimcast’edhoavf’e\ﬁeor’OOdOepenodmpoanreV\élo
ers witdhtepknowl edge and s)ki., s to a6intd|n and ‘
xistin fobot n h n2013 tto 20"% , roPot. |ns_talld_at\
use exis 9 obots, enhang Ut gdCalyed o ng;eﬁ?srtllr? % ata
cate wusers. It i s crltlcalO Icw)al%(,/e Ul(‘]a. R0 M, keevai sre,s i ey
N R S AT S R A e I S e
study the authors developeydear' Wvollpeprsom% t]f%orgr% |W|j)t|rI Q
indus:trial robotics i nto rIoelctorrl"lietcaolaf (raoooalocﬁhge}innt ?E I
. . ebel_ e aft@ed &Y "%t ! r}ch
(EET) programs at Mlch|gander%§ danlgurBtarYerdn?orq}oc n}, a
munity Coll ege. The curricu.élh%rpear'};‘dresonfot abre|ngéveJ|°LPgetgthb
t his coIIak}camadtiyfcmrwrrofinSthtdutions wWa s . :
intended to match industry ueeetos aandanpcresvildn ro 0 enpisiSc l%
model for programs around tfé]eCthjrfs the I_\)Pac I.Dero i Ame § §
Ir&/ $10~°'5 billion in assembly r
. Mar c h, 2012, Amazon acquired K
| ntroducti on automation robot, and in 2013
three Fulfill ment Centers. ATl
Robotics and industrial adthEemanummerwi ¢f eweaphowmapsr adr iA
for global job creation ove&r,t0Pdidhaxite mpilvoey eyeesartso ThEs &J S
were made clear in a studyleor@utBéd by the market re-
search firm, Met r a Martech APositive Impact of l ndust r |

Robots on Employment()-s[kjj]l.l_eﬁ:i'ﬂ/l‘afhyraréipﬁ_btﬁ}'t Wieh ofowrobotics
jobs are already being supphdusédybwidécHredluUuddgy. aHowewVer

a number of studies have fSoounndd tshpa&tcijanl itsH & avg d rhe gtahtee , s kt
robotics industry is creatPRHOmMdFOnNobs thaamtahe mnMbemo
jobs lost to robots. For examtpd ed e vienleo pimetner noaft i folntau r eF etde
tion of Robotics (I FR) estiema&t @ ti HMPtl ermemd tait d 9 nd iarnec talpyp |
ed 4 to 6 million jobs thf®uig¢h 2021 @dvrawi aeal wimst itthy
total rising to 8 to 10 mihilgihondeinanidndfiorre crto bjodb sC sarse €€ ¢
The | FR projects that 1.9 f@&riang amnrnam@mi gtot sC Orler| SatSe dJ €t¢
0000000000000000000000000000000000000B00DB0DDBO0BOODO
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tification in robotics andfilamt amateicem.t I|inmtad dyiataiitam,asltcuears
robotics training centers (ERTEs)t wé |l U. .e riann kheidg h2 8d eama m
by industry representativesncend i tespktacedloweokenr s, t hweh ol
need to retool their skillsiombBisnibhheypaiobperivhoweann|2de
Tech and Bay de Noc CommunhavurcCal |l sgeemwas omtemgienedroi ng
demonstrate and test an eimfeotfi Sei appesa¢MNAS)rr epecarcth,i ni
emerging topics of i ndustrbabrmobBhecgi ZinngEEandrBmplamgi |
both the university and coBmonbmyccbBlUtepge, beael wel Thas cil
riculum and software devel docgne€ampetitivemesstntidtive [14] dfivelreaommendations v e e f
were intended to match cur rtemrrtg eitredlu dtnrpy orved endgs SaTnEdV  perdouvei act
replicabl e model for the E&T pewgrSarmesM atceraocshse rtsh e 2c)o uinmp n
The project also addressedSITIEM nead hfeors, CRDC 3eergl nadrtgeer @i hipet
ed curriculum and trainingi opp@asenpbobsesedondanywydeagsed
ot her institutions, i ndustguwyp proerptr efsoern t qart & d7weest, e aanndd diag p I\
worker s. Resources developpadapeira thiesaubhbratidescweéebe ac
di sseminated through a varskeoayndoti emmageal $ ncé aadh ngf wohr ek
shops, conferences, and publications.

Educati onal Need
Wor kf orce Need

Robotics is an effective tool
I n 2014, t he Manpower Gr oupd ucart we yse dhavwearbleend inakdhg me
empl oyers across 41 countrimprawidng e3TEMoedesataisormafrton
annual Talent Shortage Surwvwéy e[ddujc,atdmdc,f obuntd ¢ haltl|l empe ©y
ers were having the most deshbirtapbeyofi mdiundg nt hd nrtiegletstpe
to fill jobs in Japan, 81l%at Berazi dbn 68%, baed ¢gheen. So, t |
I n fact, two occupations ibotihes.U. Bhe tetbndcsanpl i(pai yn:
production/ operations, engimeelrveg noort omat hemasbcs) amd
engi neer s, topped the | istf wlf pledd ajgoobgsi ctah att oeorhp [ fooyrer &1 lwe
having difficulty filling. rbbhotaiddstisenjnsheumenetralannSali
for Training and Devel opmeBiTEMAST)d emmdsaor tlend tmtag ocl a&kst o
gaps in the U.S. The 2013 uAgstdDtoeparttrosiuaeted tvlaati etUyS.o
organi zations spent ~$164. D ubislulei can voanr ieenmpyl ooyiedelS.T EMor rae mey|
2012 [ 5] The U. S. is facimg far adll ar, mian grloyb ohtiigchs relpd tafceerm
need for STEM professionalsn§6b6of 7botlroscieastiafhice, amnd emapt
jected replacement rate indeatetheompat ianal -ssodhiaaimoge tveacsh i 9. wbe
in physics, 28. 5 %; i n mech&@mi3c]al aenndg iprrecemoitregs, cd®YP;erard v e
el ectrical engineering, 2 3 %. It was estimated that dur i
this decade, empl oyers woul Whnéedriobohirce @akloutbe2 .us emi lals
STEM workers, drawing | argdleyarfnrioong dro@ilnedrhiemrg amnd adnpi -3
neering technology programfi &aoiwan fporogrgauamp piimgr ghatdiue s
ates with the tools to enteobbthe worrkfdersd g,nefdort ot hpee rffiorrs
prepared [ 8, 9] . This requiwaead &0 donosatthvescwrriuauwmli unm,
i nvol veodn hoapnpdosr t uni ti es forswpatmcdsd cail s partblliermg stod mb s . The
i ng. Amyotrophic Later al Sclerosi s

them the ability to speak afte
On the one hand, the pipaehdnéda¥®rspar keedlu ccautred mhagt mnad i
workforce is already in pltacdememitcicom dong t @s dianat ifon nmwit!
Current Popul ation Survey m@ahy haee shat ei to,f rtohbeo tpso pduol aotu
aged 16 and over, who havewacrK.| ediel diegmeeosf domghtycdpel
bl ed over the past three dteteadmar, k eats wld rdl divhied es, h afrreo no fl at\
with some coll ege educati om.obtdwe v[e2r5,] .t hfessr eai sesohtcer pop
the U.S. is stildl not pr epcareiansge da s3 wdrgi]if.¢ ic@lmdt bl aglu Mdl@dmp eotfi
dent s, teacher s, and psldflesisviompn!| 8 e man &sT,EMaavy @amacse g 1i0n t
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wi || force companies to i nscetesaisedetshegnuseg, of estoibbog,s mai n
foreseeabl3el]f utWhriel e[ 2t9h e a wtoanpmtniewnd si nduwuouby eshooting ro
was the first to use robotirospmmetreorsp,aces cimalcohs cna pnegs,, a
medi cal i ndustries now al sarroelry cem sroatsgt i €lse @tunt @mmiadc s 0o n a
33] . More than ever, traimhdduepmdncertieflieecdk rs gadi awiirsitrsg
needed to maintain and monhyaorawlxiictdingggrreomso.t s and to d
vel op more advanced r-d®bjotics technologies [29, 34

Driven by industry needs, the
menti oned, robotics canhibse prsejdecas wearms ii mtterndlaesdd itpol i
-bparseejde cltear ni ng vehi clfeo-yteoart eparcohgr QMM fTlhnda-col | abor
a3® ][ 3Understanding t heurvradnutabl.eS.r ower krfoobroctei crseeed f
ation plays in helpingprsdfuedsesnitesn audnsd e rtsrtaainnd ctubtrercernet ii
epts through inventionphadedr wat kens manyobliRi veesascdhtrt
ude components of robotirscs widdearheh ciur rcewnrtr iacrutl aaf oif
[ 40] . I't is widely reSdagMi £eéedl Hh2a asmoundgeonktisc.s is a va
ing tool t hat can enhance overal/l STEM comprehen-
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Current State of RotbwﬁttnlchStAtuJﬁ'oomatflobrﬁdaptat

obotics curr

) . pos
at Mi chigan Tech an %da Cg@t I\tIF’?ree di ffaenrdent

Community College foyear |nst|tutions; student s
community coll eges, i ndustry r
At Michigan Tech, the autWRéKker filad amepedthrer puiaindi Mg g9 s ¢
strong undergraduate RoboltqWisng Agt®emhbheoprroppsgdamurric
through the EET dde psecritprhéd mta.r yThreo bortoss ) )
ics automation training pro hamr ahetis@eceyYsrurbulhumaahc ME
in 2009 [51]. The programh@sageidnPeys adsdi BErdl Newi ERUGaR
Tech students from diverseda8deERydideyiepoi @yt nedgastiagreal
ployees who seek retoolingSiimul@ady i ss0f 4 waé matciadrd egk iRojl
and students from other unifwdedehceseed cAHUSEF| 4N ddISI aChud
bet ween the EET department t8h&8 PARUECRobBAayc¥wopkdcadd tw
tinuing to expand. The gl obh®® phr e eheBOtifC st ntel iutiomiots &
sector in Michigan, as wellthias Rhej @ Gtr)gel MutmbercClods scroomppr
nies specializing in industrinalTegbt o Batyi P! | £dree rweotud dg nme
mous demarnd afimredwelnld certi fFPfetNInMeaReboés CagutSy-stem cou
mation specialists. Our abicloimmuni ¢ yofcodd egggdievg !t r aDuniin
certification not only mak@Ptdhhipsarg mmejrecith sstusttualil n0ahbsl eW opuyl
provides the authors with &8NExt0dndihee Neepp o a umtiitgys f Vir s ic
tinuous evaluation of the pgrrdgdddd esdufctawdrognal Bethhtt aei n
were to be adapted for use in
The current success of thBa)er?lrb@ngeC‘Einf edpeentlyaha
industry collaborations ma kg Fstkiiclhliegda nt ercelcnhi ctingen iceegd1i fg £r
ner for Bay College. Via tahsisa @@fﬁqeadcb_@r”étfiyvdooi'rﬂittifaPtri_vSet,L
College planned to adapt MI€RIr§ard andd M@s fd0iMs tajuntgo My ri rojnc
lum in robotics automationtoadnddugpréméntsysde® Msyv &ondt &t
robotics cur ryiecaurl udne grneea pttwggPRa@mdevaligped as part of th
partner shamd offoatrwol nstitutileefd WoOWl d hbt seamlessly intc
only serve as an exemplaryi h8défF udgntksgywihiphy paeremtamyhiyn
would also develop a full &hkcalytyGnmatfi OrNg bteetCihcnso | OWryr i Fwir
adaptable at various level d€ofi ne€dwdLdi ArS. PRyt Cofl Itelhe amn
ty would work with experts Si®nedpdtoircsstfurdeend t\i cihnitgearne sTteec
to adapt the existiyre@rcypmrmoigeltiymcsor Thagetwourses -would
devel oping new courses in ®®®ioReeici MLtdPMAdenBhsS. awli e¢h eh:
ing -cft Baeret educational roboRiegramatai MpchboaWadechpnStuc
addition, Bay College facW®lengfivbul donpatritesce purer ijc!l ¢ me
CERT program at FANUC. Thei fgehtdivag ttxppaedeme eax pops-ure t
NU@ertified facility, whichetuoeul dcaaieledw PBE£Y ac Rt &€de @HC
become a Certified TrainindgarMMd cthd @@dt iT&fhsite for FANUC
Robotics Mat eri al Handl i-ng Program Software and i R
Vision 2D. BU|Id|ng upon the Str
. .o Mi ¢ |g1?n Techds EXxi
Collabo_ratlve ni ﬁéé‘h q R o SIbP%éCéyste
Aut omat i1 on Currlc um ve Opmen
for EET Pr ogr ams As shown in Figure 1, the cur
Tech in robotics auffomat Roboi R
Coll aboration between Michic§a®YFELeRS aq@UrBag (ClolCreggdi t h
will have a significant impBadtoués tOHe WeErkr iyc ullaubm aCtO Vheortir

stitutions. During this |n|ptr|aé?tt|'\ﬁ3@| Asprecd d sopfectthamkpew
tional material would be d§V§F§péwV&dWer¢|ad'en avie | 49bOL b
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course presents the technolgog@ynmifngmeéc hTaoni fcadt mami pubmbt e
and robotics systems contr ana.k eA threo acdo urrasneg eo foffe rrionbgo t mocdse |
ics is covered tefdlecdiong, steamaogasqtf uetntde cour se have been
tors. Essentially, this cowrsasiiosn tolie ththwei |lcdounrgs eb| oltks floe
coursework in the mechanicseveontroli meandi pcegr®dmmii.ng nofi
robotics systems. Designedtheomya qanmtasf uminmg exermsp eacr-
tive, the course addressesdemalsotsgs i | h Rav e szon adregdormr manqn &
while exploring the broad wepikdt yhodtuhrr eldaubsst.r i TaHi swomokd ecle | d |s
contain a robot. This incladhleduwloibnog i ¢fs talud ombas 9 n whidc
related technology needed w®or ki nwheiglreat &t ttehned i rnagb ostc hwiotl h
wor k environment and with time odrnteesr parn-wealdassabaeée s we wit
amount of th-enoryraoti dasnndbsn a
The course also addressestitrhee pmearjioord. aspects of design,
fabricatiom®mnabhidngobpsi ems. Design aspects
involve determining specifiThei bnsstf oweeak riobvootl,vesormfni gu
tions, and which sensors amdndetnwat ocrusl nsihmoaulidn gbei nustelde @
siderable attention is curweak, ystdiedla ctas edr & oc sragdad tye | pyr
dures of operating roboti cactpilvaittfioersmsaf Tohpeer@auri rmegntalnyd ©pg
FANUC Roboguide softwar e praochkoatgse. dlhleovws c ® h dd aheoeugr dcwaelrmiin
|l earn the programming | anguwadgd ond dd nian -wtededa mii netTadresoi fivven o d @ |
for-l ohé& programming. Af-tiemehrasc @irwivreqq ¢ wf fbiec iveenrty ceffff ect i v
programming trainingehatedglasresaimgo ntgh estsuafeenttys a't Mi chi gart
students i mplement their kmpdwlhedge Sdmd ep r0fOd®dr, m al aFbAN UG ocr ¢
experiments t-batprogopammi hgraasdl ecrherhaa-s trained and awar
tion o fof deerstt aFANUC indust moalk tbaonta Rbndred students.
course offers the foundati ononé&l anoedseat hopdlacp! att f dwim
developing and i mplementing@gdaptefamect impé ecnemnt i aliTu mmemad d €
el in robotics automation. Robotics System course in ord
students with flexible course
s p— - tions.
=
_m'f-”*_:ui;: S -i New Course: Robotics
NI i
““‘“““j‘“‘"-’:ﬁ“ﬁ;ﬁ -g} Nearly any robot currently u:
e ety —— o with a vision system. Vision s
it kot .‘L:".;::';“::‘ Ev ingly with robotics automatio
e T - someti mes complex industri al t
-f tion, part |l ocati on, part or i
B o ok e Ve L I - ’[; tracking. The vision system pr
£ ed to perform complex manuf ac!
Do oo o Stndens Vision Systems course-cwielditbe
r..mnM':..::‘"m hour course (three hours of r
R Cotm Mt 1T s o o weekly | ab). The course wild/l |
Ceions for High Schol b including |l aser safety; 2) ba
cessing; 3) setting up | ightni
. _ successfu ision error proofi
Elesglrgp#énfroposed Robotics A"fteoanlzaﬁi'ﬁa é}uororI',CUPalbnblication, a
forming 2D calibra tion and 2D
Close collaboration with fﬁauftrrog.esﬁetsh i63) | perfB
this course also helped toSaddafc 'fﬁ(‘/ f@«ﬁ&ét'rc?s'alv“ES@kOFﬂPQ'
program that is endorsed by 'dnutetgrya sh &' en?fs evﬂ)ﬁ §885§
fully complete the course et @é)jtolgfyiéid hl' lpede:f AbN
i ndustri al certificate in |-|8Hd||r{g WI"ooll 'Orb rh qo J’n@

00000000000000000000000000000000000000000000000000
A N VERSIOBMUNI COLLEGENONDUSTRARTNERSHEVPRMPIROBOTIEDUCATITGOOMEE T 6 3
2 I"CENTURNORKF ORNEEE DENDIECHNOL CRROGRAMS



000000000000000000000000000080000000000000003000719dd20

hours, with the goal of pr owitditrnyg istadd en tuss etdh ei no-pepdur & atnii
configure ahidfexecuondesteg!l aocp dmreaelel enatruocbeotof the develo

ics vision scenari os. The wauwuvesaiWwill Ihalvee sai ndil arri ftioc atnhte
i ng -Riemd Robotics Systems' brliignogr oiurss taistsuetsisomesntursalrlad -t o
egy and will culminate in a two-hour certification exam. bots to adapt and teach the d

Students successfully passiprgvti dé2ngx ekmmc wet $ wectc bdi @t dea ocpe
icate in iR-Vision 2D issued by the FANUC certifiedin- STEM education to students by

structors. I n addition to tbecepbadiofi omblotoftsewnviimg,ant wa't
tives (a hydek di mtnelngiwwe v arsinmon)elozsfti mtdoei KRwt-i on s, and 3)
botics Vision Systems willwbekarsxewapedngntoi mpnlpe me et et dh
at both institutions, Bay Gmltluége veend i Miteehriagarn veeclma.nd co

New O¢ewnrce Robotics$nTtaianivg 2: Curri cul

Softwar e: Robot Run Any I nstitution, | ndu:
, , , ~ Workers _
Via this coll aborative initiative, an engaging, free,
opesmurce robotics training Vv?ﬁ’l Wg 8 o Clbql%?, Q'f}“%ﬁ’
hel ping students | earn theké)ya\s 6 8F1erpt g9paMMong rnpabot
arms wil |l be devel oped. Thﬁe§|° It1W£6eauf hota|c\5ea§e At Sy
tor, where a user can writge//a -Pl049ram zan y sV|ew 00\/\
t hat program performs when ML 9 Ia}avnicret %%q m I%uraqtbq
di splayed on the screen. AFELEO gr%.rggg i%%tpw%ﬂfﬁ qrb Su
tial role at a variety of qq%nupfraocvtiudrei ng, p?d:rjtl'?'o?s’l ntde?h &N
rently no accessible and frneeeedsotfot.walr)e \?él&?nagit\fem%ti%
the opportunity to | earn a@é)rullifuisd' 19 otnheavraoibl atbilces thoarsdtv\{J
without purchasing expensirv((;botciocngp LY Puf.eﬁvsfi‘rlr}f tSh §<vte
ware packages. Thi s softwars(-gubg {Qtﬁjgg dvtapugjsﬁlélspﬁ gHLAT
side the other training ma[F(lbaP%epFI\/{aFgBegr Pnin attré ioﬁ
project, but it wildl al so l?% m%‘?%o?vqiheqqlesqu]ll'sné)o 0 ¢ @
to downl oad and use. The RoqoetSRuneSSOefCtiV\éalrley V‘ﬁ'nlltr?éqofwi |%
ani mated rendering of a roﬁp&bpdgrﬁwié |a§lcé:ctnw(prekecrosntwlot(ljr
via an intuitive programmigg Lagguage,gh™skpl | tinhamfdo Bb
grams used to program real rroooboocti'ccs ajr(m? mar k et Mi chi gan
The programming | anguage igﬁiib%;ﬁ%éh%n&épéoﬁr{asﬂqinbvdétlaétso?e
software wil/| provide al/|l of the basic commands that exi
readrl d robotics systems o~that .students. can asil tr
fer the knowledge galnv\eodrlfocgn{ttﬁ f s £14 a'r@ntoelr'eaHanCﬂ
robotic arms. The softwareawid! Palo wr-hfmmmsngot B Boen ) r
where t®héeendr should jog, the spee and type of
motion termination, how manyhet icmewr siet walko Wled i garaat ot BE
movement, and other common troQph @tsi Gsncq unter Alns .o vEea syii deens otfh
option of jogging the robortgpadond cRer fthleMichthcp@®8r @ Mmime ¢ h
tasks, the software wil!/l Pamthgdl bAgBAaGEENANHESEhSe
di fferent scenawoirdd t|majtusml\r,rgllago[§§&la§b|omaexpeslerH endE s
os such as pick and place, pmalt! etfi zinn &, cveulrdsien da.n dP anwint|i ng
The program wil|l al so aIIO|wabuseexresrct,oselsoaaqearﬁde Haeq thhei
programs so that they can ﬁlU@?'FANUGmRb%o@ﬂbém FobbEls8E T
grading The new software édd grperoovtl(giebéllbffoepﬁéd)nﬁarntep@
sary to teach the reqU|redarsek|dIeIVsot|erU tF @b qthieoS ehaRdl i @
operation and programming. mbﬁnth' BEh@IumglEareWIdtef‘gqtgtnaftﬁ
tures of expensive robotlcosucstler@uhantltohne 3 Gafpt wareviga¢lgaae
that ar e ddkeedtgmeidndwst riinal simul ations, and are
000000000000000000000000000000000000000000000016000
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lating and programmi ng FANVE r it nid f sit g\Nait!si i oenhe 142D T PR
course concludes in a certif4 5ation exam desJygnhed to evae
ate participantso understar(d?"rﬁﬁ)lf'olf c%@eur(eése)l the course
terial. Participants successfully passing the exam wil/|
ceive a certificateetidsedd iMgaralurnamyc robot currently u:
The course can be offered Wddhda@mdhgi @RdsS YSotn&M.ct¥idsSimn s
weekends, during student birfeGlk¥s, Wiokh | hohk ditei CsSy manetr 0 marthij o
flexibility has proven sucé@&dMetiumepncamptagstingustaonbahtd
other institutions, industliyonepRalstent 8cRVEON. aRArdi 9p 1
worker s Feedback from pastl d@kitnd.i phnt 9t Ber t wer s cht g8
Tech training sessions shofveYdeswWeryeepdesd ti¥epPelb@l Ms C0Xp
dents indicated that the plahits anaw coonurisnee Wddili vteeray ha s
not only saved travel timet&R&hmorde&yptpWita ngdnsraa thinl Yoo e
ticipants to be moor pgarctushHC PO S  hdhgs course will ir
course, thereby providing d&amdmwaref fagncdt jsvoef tyveaarren j eyt v i
me n t tion |link between the robot an
singhd mwmultwi processes, and pr
Certificati bRoRat iR 3gedt'ee will be integrated
ral part of this course, a s¢
Wor kcel |l Ahsosuermbcloyur(sksoped t o -opnr otvriadien ihnagn dtso r ei n

the student halsoure acg omwerds e Twvii Is
FANUC Roboguide software bBs$gwedeWwythsadsi nuétnduestsiymi |l a

t herefore, there is a greatiwoweedntdo Ptrroagirm mmad rnkye rcso uorns et: hi
war e. The PI hashodigv etlroap endhroaunr soiggfistdét amd ;i ng. The cour se
that provides participants fwicahi anfexadadieshnghed uodewat
ing all software features. iBy bhemanhdr bl tbeveoadsien the
assemble a fully functionaslucciestsdalll |l yobeti eapwochltiebt atte
i ncl udes tenhfef ercotboort,, seenvder al NUGQG xrteudrueitsp,p eadn dv iisn dwins -sy st em. P
trial parts that the robotexam wialnli pué @aeieVe SdaamdehbDisf pg ot
the robot to execute Apick FANWUCpT aickidedpenati oot or un S$ imim
ti ons -biyant espt egpnd producti on tmomhesc,ouasescompi ceanabe offere
file for further transmi ssweeaekd¢mds,heduprhiynsgi csatlu dreANU® r re @tk
for trienel productdtagntr@ahnsngnean be of -

fered on demand and in conjuypictiopgovd e t @ef otR'¢ b & s¢ &
and

tdredreerl opment certification . r es. . .
P P fO 2Kk " T@&% ¢c hersn ahrda iHain

Certification 3: Rob9®3sioprs afteronBi gh Sch,
(16 hOUFS) As a way of encouraging mor e
: . dents to considf—:tr career? in
There is a great demand I Ba &_oflng SULhLha@ Mis(?ﬁitgé_n P H ¢
operators. who do notdeeedsdsrigl fl&ed il DAY Ch iy sch.
programming and theoreticalse%nlfinlalrlg.?. ft%t‘aic%ecrqsurmﬁqli%ei%t?%q
for the person who operateaaﬁergM QﬁdrEQV'ESPIEBepFF\ 9
basic maintenance on FANUCDruq, %tgs tvhiea stehn?i nsatrandpa rdt iacoipda{r
cation software package. |t wilJl tegch jstud rg’t.sj-zovyetaorns
power up. power down. og it dagd L8PBtREELy fha B35 T
tions, and set up d|fferentﬁ forb%meRSUncbtf' ogpnedrat‘ll)orwor’lkn dnl
wi || cover tasks and pr ocescgqrtg,vsar@edg’ﬁ bé-,?inrt(?efgorrvaetdejdlfurin?mrp
common program and robot fap'“hlttisn’g atneactheearcsh iqs|i ey rﬁﬂé\?imt
ming skills. The course wi Ialndnoftod’irddﬁ&) 8 sd &r Sheal mH s&ﬂg (b
tion of specific software inetahtuFrAeNSUCar?%bB gigﬂ ?Dé Fyvddd
t eacdepitnh programming skillgg [Slh(?l’?\(? STEREOYEREFRH D 4%t He ot
3Zhour Handling Tool Operation and Igrogramm|ng cour se.
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udents, one day carhpg awielolu sd e caodnvdauncctiendg amnmmadieand d ry:
S . Studentsiwhllandl)YXikeamnnbason wil hciaf
s; 2) oper antad i @amd epdruccgarta no nF AWNIUXCh i inmMdisg trn
; ) utilize tihreojogacmi,ngengnwnieceonmgnt e M notl hoeg
Rund simulation softwaepated ptl @ayadcdanhte dtde dt hgea measmp |
nduct basic programmi ogornrackés h(hwg hkepalrasce2 and 3) .
the remote |l ocation of Upper Peninsula schools, v

gr ams t'argeting STE'\AQI@thV\?Fee adinllébriW| The pre

amps wil |l provide the
arn become lg g g

e AP Vidp Y

early age engagerﬂé‘ g 9in %%I g‘%??‘%%%%"@ge\%l ID(p
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(STEM) Education | ssues [ a8Rogleergsi,slQG.t,i v& Pprttisomosr.e , M.
Congressional Research Reproegdr.i nwWastho ngt d mgn tbaClh y o 5 ¢ hsorl
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The Federation of Ameri canHsS wan, e tIB.e,s g feoire tE x ple.r,i -et a
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[ 40Ren, P. (2009) . BridgingndhtavghtandoPraed iicme time aar e:
SenlLevel Robotics Cours@ower, Melcdhatni ic@adl amadchi ner vy, [
El ectricalPr cEmegd chieregs .of Itehres ASIER i A @A signal processi.
nual Co,n f A&Q -62@020e9 record publishing in prestigi

[ 41Ri aget, TJo. Wnld9%e74ds)t.and Nlesmppnt @mc d endviemngts i ncl uding Measur en
York: Basic Books. ogy, Adaptive Optics, Sensors and Materials, TheT ec hno |l -

[ 42You, Y. (204609 ) e Mt ePdr o A p mgy nterfade Intarnational Journal, ASEE, | EEE, an

Teaching Robotics APpodi Addi DinonEnigliyne eBRil.ngSrergewernali sN
ceedings of the ASEAC A2 Lwarfksg,enaevrd a Pl on mult

2354. awar ds. Dr . Ser geweve rnaiye @ne ur. &
[ 43NMi chal son, W. (2009) . Bal ancing Breadth and Depth
in Engineering Educati on:NASKSERI Ad ARAELt iacss olclilataendpr o
| VProceedings of the A ASBEodmamadhaCornfoefr eenlceect ri cal en
AC 2-0681. gan Tech. Prior to his facult
[ 44 u, Y. (2009) . From Hamldyy eBdo abryd Ltucc eMEX Tedheol ogi es
Evolution -loefved Rwmiodnin csnebabd@@D)dr yand by vLogi x as a
CourbPreoceedings of t he AeSEE nAaOnNdu)d.l2 012 nX Celr 9, Dr . Al ar a
ence, 2-0890. Gol den Jubilee by the Coll ege
[ 45Qaratrant ou, A. (2004) . vlenrtsriotdyu,ctiimnEgypB.as He -TRAG n csie-r
ples and Programming St rewcatlwragsorUsdiorg etlteectRolt@tli engi n
Constructions LErGOc eMidn chegtso eanfgi neering technol ogy prog
the 3rd National Confer dnrc eRulTkeraichhitngs ¢t hébamahips,reci
University of Peloponneswhere he taught courses on emk
[ 46Bs | ami, A. ( 2A0c0c%)s.s ARoPeohgicesheanids the recipient of an
PLC Laboratory for Di stsaingcne clear mciun@g mPregiamon in ¢
Proceedings of t he AELEEo0fAnlhaskad Qounnfteyr einnc el,l | i noi s, ar
2049 10. tion with the University of Ne
[ 4 7Wat son, J. B. , & Rossetrni,caA. Qoll99%9%r&| | Guindd i O@a mmahlieeirt vy
I ndependent -BasedeTHEddimnatelpat focused on expanding outr
tional T2EIh NP6 DY Y precoll ege students about <care
[ 483ti enecker, A. (2008) . Appghinedogneds st rDra.l Rbbholbag es-ma

A Par adiRrno csheidfitn.gs of t he @AtSWE.Ee dAun nu al
Conf er emM®-826010. 8
[ 490ake Superior State Uni veCATT yKUHRODM8ass Reitatievpdof e

from https:// www. | ssis.ceéccu/cer, o@grdavmssoofrs ttuod yt he Husky
engi nemanuhgct Enterprise, and an adjunct f a
[ 50FANUC Aut hori zed Sat el IGotgeni fTraé nS5o0genRkrecsgraannd Human |
(F.A.S.T). (2015) . Reganevedh. f Hosn pritmagry /areas of
robot . fanucamesreirocva .coeesm/r smbporptductd reality-msysatets di spthy
training/schools. asp human perception. He Shyarsp opsu b1 i
[ 51INLi ve Mi chi gan. (2010) .umReotnr i fpeldi aftrddPrdlfE Mnpsfaicd i ons o
www. mlive. cpmbmeahtfgan plied Pandepthen venues. Dr . k
index.ssf/ 2010/ 02/ NSF and Department of Labor p
its_official _michigan_iscdrhportaotugghasd phdhismry sponso

Dr . Kuhl ma Kk uthd @ne auc keeddu a't
Bi ographies

MI CHAEL MEYER ot h the direct

ALEKSANDR SER@EY&S\/sociategéﬁrppggé?@]rg‘fhﬁon Centiry Tgr e
the Electrical Engineering Oequ{r] Inogfyocpursoegsra g E/chrﬁd g,
Tegh. He i s a f_acul_ty adv'{)omrpl_fec}nrenttl?-& 5&&% éa&&:% aﬁtﬁﬂquP
prise anegeathANLLA instructop gn tré)br?é C gﬁd grad:t
geyev oversees a||-aHChD\’/IZF[3 ??8ﬁ'stt&§r w’%@@gas r ar r
tified training center at M1 chi gan ech. He has devel p
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shops for faculty. He upervises student evaluations of
struction at Mi chi gan ech and provides consultation i
effective teaching practlces. He has participated on N¢
review panels and presented on teaching innovations at I
gional and national conferences. Mr . Meyer may be reache

amr meyer @mt u. edu

MARK KI NINEYdean of business and technology at

Bay de Noc Community College (Bay College). Previously,
he oversaw workforce devel opment for the <college and
served as executive director of institutional ef fecti ve
and research. He was also dean for computer iinformation
systems and technology at Baker College of Cadillac frol
20@0P . Mar kés education is in the areas of business ad-
ministration and computer information systems. He is con
pleting a dissertation that woul d grant him an Ed. D. fr
Centr al Mi chi gan University. Mar k has taught a variety
classes at the college | evel, including those relating t
and relational dat abase management, intermedi ate spread
sheet applications, management information systems, t he
I nternet and the World Wi de Web, and a variety of Mi -
crosoft Of fice applications. Mark served on the devel org
ment team for the AACCO6s Voluntary Framework of Ac-
countability and on the advisory board for the MCCAOGs
Center for Student Success. Mr . Kinney may be reached at
kinneym@baycoll ege. edu

MARK HI GHWM an instructor in the Computer

Net works and Security program at Bay Coll ege. He hol ds
certifications i n information technol ogy, including a |l
MSCA in Windows Server (2003) . Prior to teaching com-
puter net wor ks, Mr . Hi ghum taught in the electronics an
automation progr ams. He holds the Certified Electronics
Techn$Semniamr certification from the Electronics Techni -
cians Association. He has taught classes for credit and
industry in the fields of robotics, mechatroni cs, el ectr
el ectrical machinery and control s, and programmabl e | ogi
control s. He has been actively involved in the Skill sUS
Mechatronics contest since 1999. As ©part of t hat invol v
ment , he helped train the first u. S. team to compete i
mechatronics at t he Wor |l d Skills contest i n 2003. Mr
Hi ghum may begheacai@edyabl | ege. edu
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A ROJECTNOUTREA@GHWIDISERVI CEARNI NG
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BY UNDERGRADUSITIEDE NT SA
LOCAIHI GESCHOOL

0000000800008000080000000008000000000000008300071090d20
Gene L. Harding, Purdue University

A Havisgudents help with camg
AbStraCt ing HS studentstothe uni v
Coll ege and wuni vsetrusd etnyt sstuaﬁ\re gﬁs{? gopWh foanIe|tIt-t3ll]eo Sardeur
used-12n ekgagement / outreach ac Ehled:s W ﬁ\\(/‘(tll\y-l es
y i i é IPoc
include summer camps, competletrlo the aca mi c
year , wor kshops, |nternsh|psA BFHH' |P{§n|-| g Pﬁ%}%-ﬁ%g}sw&r%atr
paper, t he aut hor describes 9ho oqpeparonacabzoutta%v'hréq d
students into the high school I-Pi) o Ivae%srichorya 980]h'§a{:gcﬁ
dents about topics from theAuggZ ‘é% ?'C(Lyiﬁ?glhsﬁgﬁips ’for HS
I n the spring 2012 semesteé,g_staltjedf%tﬁt: otr\rN?]tlaﬂuligr:]r%’ttmlrdncdéel?r{gSs
entitled Al ntroduction to Nan &c%nolo'gyo or the firs
at his |l ocation, which is a SPaetreiloldiitce e(i/ae'ﬂql‘hsg %\{%rr%%g it
away from the main campus. '%h esrtud]falnts wer e require t o
develop a |l earning module an el vel'it to a |l ocal hi
school. There were two pri ma‘.rh% gaopap So:ac]h) deevsaclrt\abteed hhoeWr W e,
his students developed and..d e'VteH'eedauttgheorrBast-E Alsnwakda
evaluate how wel/l hi s studehnatts S\ 58S ey threes t % Lilt\%%lgtg
understanding of the materl%lat ,gaodﬁ?%%rPf%r%p %%%Ih W%%.mer%ls
ating how well the HS studer]taSS naterast’log althﬁiaqﬁtgr(:'h%lo1
Di d i thi technical materi al and present
Iscusse b s paper arree'sponsible for assessing how
. materi al resented Thi s
A details of the prOJectth%%S|g m'ent,p ! !
A the approach used by &eac of the authorbdés stu-
dent groups to teach SS \}é? a a2l
. v”i {EW &nd P
A the demographic 2CE Hg c‘?
A assessment results of trhe HS sOr qlggémo anedahpl dPuc
A the authoros asstsuedsesnmesgop Rosfy e N b bfedd by one of his col
formance; [ 12] The cour sleeviel aovberrovaide,w h
A feedback from the HS titeathelrsgy WS tat adiead sf,ocarnd o
the authorés students;(S@&mMy,with the following | earn
A lessons | ear d from the experience.
A ldentify the basic conce
|l ntroducti on ogy.

A Characterize electrical N

It is fairly common to- us} Amna1|vye4§|tn)ﬁthCLPdn?epnotss't%rm%t
students to help with activi PESLTIdddse gtnk @ ttgoeﬁgé’gje N r
school (HS) students. Such AcWs eitihes Stpal\ﬂ-e a number of

ferent forms, including:
A coll eague set up the cours
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guirement, 25% of the courckoge ade, utse dRovedroRoiant!l emrr end ¢
modul e that could be delivemraeuwpst oauag nermitmar @ hern rspcesaéat
school Cc lsatsusdenilke were givamrmtwvdequiazi saedsi dm during whi
select a topic related to gaowvopechgaloagy. e%icric eotthrea , p uwhy
of the course was to-1s2t updeyddaemo ot Ehbpotogygtrmoted an enl a
gogy, the key objective of utskee 9 mecainalatpamijcecfto waes mioc de
thestwdentsd understanding 6tatame &peaibftopanprebkdobko-t
gy, not to actually teach hlhpensdemtseenThe ant ABM prsele
similar approach with the fsapceec.i aGr opurpo jle cstet btuhtr ecee cliedaerdn
modi fy it slightly Becausteedchroleo gwa sp raens eonntgactii nogn : r d leatrin
ship with faculty members tadolssevenadl tacbai hugé€, sahdoll ®,a
was decided to take the prepect oheistepefentheroandntoedg
students to deliver it to peetiovethandchaooh sof(it.reem prues
into practice) and assess itthe dfifresdt isweaerndoyn. wliher lai vseh oprrt
tions had both service | eacwrimagnt|[ 1k3nowdnred geyt rasmac hc oo @ hp a
nent s: the HS staff want eds unomag d rveer agtuel zi ntoeraesste sisn hawnig
technology course they wer el hgelianmiprpg otac ho fwfaesr wteH d ft chloluagwh
year , and the author aimedotgercdi ve awasr evoa sds do ft otoh eb ruonai
sityés |l ocal presence. di scussed in detail in the cou
one of sever al tool s used i n
The project instructions ipnelsiedechtsonempalt |l i deassfonctog
but they were suggestions only. The students were encoul
aged to be creative in sellehd i nngcoandt gpiocupanadd somet &dmd 0f
presentation. The ©project awlatshopuagrht ittheywedoti ntbe si&r mihras
l'isted in chronological or pegreswinttlat g mand ed eweanii d hst,i nagnsd i aas sT
1. I't was assigned about hdl fivdgdt hheughpthkeesnemebsbrrjnt
enough to have covered a gdad kmorotuinan aonfd t dveercwiuew,e appek
al , but early enough to al laommw aanppplle ctaitmeo nfsori nd elvied logpgne .nt
the project and delivery omfreskat priecentvat horm. fTme agt ojv
assignment is included in Aphppeendiaxssl.was spl it into team:¢
wi t h the teams competing agai
Table 1. Project Grade Weightisrhgoswdo f ashi on. A written qui z
- : sess the HS studentso6 | earning
Grading Phase Pointsogf the three, in part because
Presentation Outline 10 because of the personalities
the HS teacher. On the other
Draft Learning Modul elO fun, the students were highly
Final Learning Modul el5 effe_ctive. Group 206s presentat
pendi x 3.
Practice Presentatijonl5
Final Presentation 40 Group 3 decided to start wit_h
nol ogy, then the scale used in
Assessment 10 somewhat detailed discussion
cluding a demo with a |l arge m
Total 100 probe. They paused sever al tio
to review key topics and do a
Approaches Us e d session. Initially, they plann

HS students to do their asses

The university class consiB€efdr @d9di mg nGhaglil egnedness ajspsogd é
academic standing, all malkhexndl Giimatmliprdegiched cqqgep
engineering technol-8gythtBPREWEEI -Unfiv&irTlsiRyesentation ol
They were divided istoadehtdee n@Pdfps? SHUMMRAFEEES the pre:
structors for shiuseptoject PUARENERrEapd-
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Tabl e 2. Presentation and AsseassmeqtcApdersoacthaseldy oGr ocaipporti o

avoid the possibility of col |l

GroupGLOuPGROUP Bnformation. All three groups

b Catiolst A S|i%e§|-ﬁdasppint.s, but reporting approa}ch
resentatto MEs8an Y yodell 1 decided to report the indivi

score of m out of 14 points, a

Initial Asses%%h'eotrﬂcpé%ﬁoﬁCgeéasgshayt|onaIIy aggregated the scores
reported the raw scGhdesandhioanl

Final AssessmMMttiAMU‘;toaMl,;llbtip*tehat reported -Ft.heThledtrt ears sgersasadm
thoicehb?Rehoilcec) uded i n Appendix 5. Group 2

Questions [inl®@uf| z 9 10 l ems. They reported the follouv

scores out of 18 points, spec

Options perl Qdes|ti én 3 mi ssed, and both a table and

many students missed each prot

Hi gh School St udent?Z@bi%ov@ﬁﬁvéﬁﬁﬁjngﬁmH“enad'.'”gt

y i ca
reinforced or question that
The 1 ocal high school invplavsesdesvgehﬁenyerg gﬁb\g,ﬁ i(r35/3?|fpp"en
students) . The department head chose the classes to rece
presentations: three di ffergepite &l amsvseq@ gaviguh z tddorae s diyf fc
teacher s. The first cl ass, which recelved the presentat
fromtudent Group -lleevewassog hco mgpré ar Cl ass Qui z Avejrage
Chemistry | class of 29 studlen&h Ine seclond cslcyass, whi
received the presentation [from Gero 2, wa s reshman
Honors Biology | class of 29 sﬂdjrdoerrgt5340|Td’1cpy t|hg|or0/(d c|l ass,
ceiving he presentation f r—oe—m \Jluu'" W& & euphumore
Chemistr | Honors class of 26 Hsot”lﬂ’ﬁén@%em['l4] 9RI%  tlhree

dents. , GhoupeBsaemalklkey tiod et iaf itadblee i
di Eaerm daSc hs tpurdoebnite mu s eTtheti he t b b
ehe stefdensi dadeand fgeiati Qqoe s@irc
$roalglho wieodt tdhoen eHS itte awdgeiré be &
r edsa@ravitnagb Itehet stalgd@md gt drs y@rcy :
Aimi sso rates. Group 306s repor:

Assessment of High SS1h@thloiotIe ?qtafdehett.thz resul
Performance t he HS stu ent s recel ve mor e

i
t
y
ses had a fairly even distribution of mal e and female s
o
P
r

For
mation (PI
four char a
stead of h

o]

er
/ her name.
grade inf at.i

hough no personally identifiat
reful review of the stude
Al | three groups cdheocncdeedqutq,oggqesgedtmpuhlaltl Pdie wer e unique,
do their summati ve assessm%lﬁq§, s ad gHgsbr}Qgéntfg fi &ooup 1
nine for Group 2; and ten for Group 3. h irst two gro
used questions with four op n_s whi l e t h d r o
guestions with only three '%é%%?ssgh,@snﬁm gcﬁlf bl(aJ elgﬁ CP%CJ
both of the Honors cIassesPole;fe(Dﬂ‘o MadldC €he standar cl a
although they also both benefitted from augmented preser
tations (group quiz compet iTthieorsi kOoph&s®sIpof2,t hendasdegan
mod el for Group 3). Moreoveachtpaabeglvascanoes hi mtGrleurst.
may also be partial-0pytidaur @gwe stehnet aus@o nofwatht@®@e heart of
tions The average scores berthachrofethegchassepetdicl st
in Tabl e 3. in Appendix 8. The students pe
ment . Average class grades fo
The assessment analysis poahygeoed fofon he lasw i @ MBI % WHS3
l eft v-engedpefmhe requirememModVaes] Ut at pelre efcal e1ar/ 10 f o
and individually quantifiedveéeradadgai vobduaheswhbieg pwas$ edo
000000000000000000000000000000000000000000000016000
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Tabl e 4. Project Grade Summary
. . Draft LegaFRinnal LeaPnaaog|li c&i nal
Assignme@ut i "Modul e Modﬂl e Preseuf:lltFarteisoenntAaStSieosnS meTat al
Point Vjallue 10 15 15 40 10 100
Class AveBadge 8.3 12.7 13.7 37. 8 10.0 91. 1
Hi gh 9 9 15 15 40 10 98
Low 8 7 9 11 33 10 80
98% and | ow of 80%. DetailsloThéhencthvassdsypearnfuadremdrsc edia
shown in Table 4. The author agdadeli meriengigaenitndrmiyot e chhamo
usual on this project, becausleoa@dll hifgh hec ksa ald exntt sd evretr
neering technology majors, no®94d4®ducati on maj or s. Neverth
|l ess, the observations and 2Z.hféhestunmdertrsd tycotasdennhdi aat
high | evel of success. dent séo l earning wi t h reas
(average grade 100%) ; and,
Feedback 3. The high school students | e
in the short term (average
Al t hough there were no formaQIG%Qurveys done to collect
feedback, the author did- get feedback directly from the
students and the HS teacherlsher®@ndariéndiQfecf o e@balkef?o
the HS students via their FbhéheréheTAs asfpeEPaherouUbf) !
that they enjoyed and appr ddifatS@dnes ¢ Mb&dsi0fnLPEHPL Sof O
even requested a repeat pe&rdiMEr Malnmbeert Pd AYLCSEWORG yEHF!
This particular topic turn&@Ubdt Probpél Y BHeedeeveil Oorgd. ¢
school, because they were 8Hh3iWeHiAgbherdiere¢algl o CHLMA T
nanotechnol ogy and hoped PRE. uinti v¥Q&liqd ybey ignstetnriessSitiionds |
would spur interest. Li kewifskdenitse t9s g€t udeMPEe glelemal
seemed to appreciate the prBE5&8nPhPi 8RE. WedRhel PVhEVEed RO
body |l anguage, and facial dxXpritddditd®dajlmmRieivd® Wa BRAS dr alt!eh
high level of engagement fSMbhESE Sofl NVIPd V€dudemntishe Thes §
rect student feedback fromd&mhiesS teafhedkaryass Wereo Upedi ttic
although it is hard to knoW! REW emd I o Mpd tii0e WaeSe dBh%lclke &t
students would give their 18&¢&n&i&ashy WREthEF EXEMPELER
would pass that on or not . erfil | aw. [ 15] _An application
quired, along with several e ma
The authorodos own studentst!HEvENTMYREA T ¥05 e WRB WMBREEBHENT
them agreed that assemblindO%ddd®Nteacthhe gt haipMicR% &pdmPiad
al forced them to learn itSUbeSttiant i ady ange SHPHEA RA@hdbe s
found the assignment fun and energi zin and had a great
ti me doing presentations atTf‘ﬁeaPBgﬁﬁf ngﬁﬁr‘é%ﬂoﬁlfe‘ﬂ bn¢ M
ty of the students, a|thougﬁoﬂﬁéydiD&Vﬁétopg‘&Wtﬁ‘é‘ Al 41
it, were clearly less entht8&8§edpdbhe shddgnsSedo. TRREM a
those students probably welle nGliassSedigar ng gy PPd EFd 1 ¥68u
any assignments. One inter @St W@ tndtSe:i MVIPd V&t hior Colpeslelriy!
that there was not a consi SE8abT RGr MOdy{ €on Ft@hd &/n 1lety e
enthusiasm and project gradfeé&frve the community y engagt
the other hand, there were seyv
effort. Three of the |l ecture
Lessons Learned |l ectures, were dedicated for t
) was sufficient for this ¢l ass
The two primary goal s anddeonntes1seocu0[ndcadLy| d9 orpdd Pt etnkips e
research were met. The data indicated that:
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here would be a way to hah&lSehiaf ferthRt eadhiesg dssi €0a
ut there are none at the authHiogrhd sS clhoocoat iRoenc.r)u i Mo rnego v ehra,t
ecture set aside for a practlieaghrpcesdntnatsi of ntdaeudd 8t K
hat could be spent covering emevw matderEixglosi Fioal | vy, t he
reaucracy associated with hamBaercksul.ecRt.s, rMogegarnch EcanA.h
di scouraging, and at times magey.eem dAsprM@PdmBt i o rveotl eu ntt e e
research effort and | egal reqgemce moutcs ednicse. 1-22 467 .

[ 10Zephirin, T., Mayy, M. , Cox

t
b
I
t

i (2012) . The Devel opment of
COﬂClUSlOﬂS I ntroducing Middle and High
hnol n P i
The primary and secondary w?ﬁcﬁiﬁitéﬁﬂﬁ?ﬁwwwﬁ%
ering a nanotechnol ogy Iea['iilLTognngd[Y.le' 'ﬁtnteraesrseslé_ing&tt
success of both the wuniversi' gy, ands  Rin ﬁﬁarﬁ&ggﬁﬂtrsetapcdr?ntt(
were achieved. The big drawbq_ﬁ $ ¥ I’h%cp%loé @Qi'rHta Ig]ctyﬁg
periods for the practice pre =) h%ﬁ'%%%fannéz‘e }d,lréexa £d
associated with the human slungh ?t%zﬁhﬁﬁearlcpk{'roahb?i&r?d-'ugﬁ
has not been taught again Lt ttrhniea U4t 05’g§ ocad  on,, qn
of the other courses he teacfb%:?ylpg%ﬂ r89H¥uJ—€ﬁbe.t&c?u/ecnoguﬁrgs
ment activity discussed abcfvleB]ucSko |Jt.r}1@.s n 6n|§fn r|eg|a
There were both good and badyas ,%‘btli t_o’Stefpgzli@g 1LVe'atr,’in?;
instructors considering the Co\ﬁetgnté’l i’sesrad"orﬂc‘?ﬁ'[é’ ! ol nol-
pay_for _the be_nefits achieve ymﬁ‘%t\ﬁ{??’tac&olﬁ&@r%ﬁ e besAIC N,
project in their courses. [ 9penn High School course des
trieved July 29, 2015
Ref erences penn. phmschools.org/scienc
[ 138BlJasic HHS Policy for Protec
[ 1]Fl etcher, R. (2000). Usin@UhinecAist.erThialtlieved4SECERgyA 6. 1

Summer Camp for High SchoolrbeM@dntFebddag yunli.vez2015 fi
sity Outreach Program for @Mmrep/Relcran & Ureing € tosf/ gruyitdyarnec e /
Engineering SMeuadre n®Ptso d gAe dl-wo
ings of the 2010 ASEE.AnBYyagQ gicpnaep"hny:e and Expo

[ 2]El ect-kact gsummer camp. Retri ved "Jul’y 29,
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