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ASM Del owar Hossain, New York City College of Technology,; T

wh at is happening in the inst
Abstract understand how student l earnni
. their professional field Accr
I n this paper, the authors,dgysecyss d teeg”bortﬂevsat'aoc”cobredr‘i'n‘
i mportance and need, and asls.?z%ﬁm%rhtalOfac%tr*éﬁ‘?'f'%réearArb'c'?g
out comes. Emphasis was placeg, _aeé,ptel nngeeidnsft‘?rtufﬁcFrPé“
scious, p rdoeascit gi nveed, a"‘”EdIIcoor‘éi.ﬁf"gﬁfjarﬁffa%rctreHPtors- Accr e
converge various assessment a é.id.i,tiIeéwté)nd“aeknegitnheeerﬂrnogc)e
streamlined, focused, and mongNohleldhtlinatbreadesos:
strated is a pathway to assesssmends efifdicd @nicysttiht’ PtUi9dn 2!
ment of regional accreditatijoRapfghdid idairddetdc ABEJI RELL e
Itation criteria f eprr of i t-h a sceadr,epeusripnogslee i nst it

. both degrdeeegraened non
| nt roducti on
Among these four types, t he
Accreditation is a mechanf§ml8di ekier®aad raquaqmcg/mmoer\/.et\
that examines academic insttin€fti d® dnWd edr O r adnfsC rfeodri tgoyr o
ty asslutraincea rigorous meclﬁ&ﬁleé‘ﬁleb)beﬁvh"?éﬂ iggepp@lccarmdi
tions of higher |l earning arR@gé\P‘ﬁladataeCocraerfjdtga&drod“nt'esesa’}h

academic institutionos pr ocrMa nPsh talrle d'eﬂﬁtverqtngoqe's%lﬂg b
with standards set t he %F‘%fb@§?bﬁu?b9”wﬁ$cﬁ vhel %fOEF
trains iltrs csttmejretn\tvascrkdrsowled gach hwitt hpa regional ac edrl
institutionds standards pr &¢PiMiNe sSg! gha f"b?mr%6%9n6n2$% RY
institutions of the sa[m@]l%@%'loﬁo"?ccst auddietna t i a0d'mi(sGHEAYs |

Accreditation i s an afflrm£}1on that an institution pro
trains its students to meetl ASETredpbtngtiCOMM BRAPNt HEBT s
holders have from their studel@PJ;'eges Western Associatio

es (AWESC) [ 7]

With an accredited institu?ibindheer greagmdmg L£LOoMMigén©nNh
some form of guarantee of r cMIUfjhE §tghﬁﬁlg9m€‘ﬂﬁ§bf’noﬁn
securing recognition by other (MRSHFY ut Pbns and by empl oy
In summary, accreditation f&cPPHtAEES gﬁﬁth§t'a§§quan€@|,
ernment al ai d, empl oyer confi@8AN€®) alhBO0lmut ual acceptance
bet ween iTisd iswuanodarsds of acchNeWi EROIBAd ghA®s gGitati on of

by a peer review board of fa[:@lilly members from various
accredited nintshetutBonsthe GcWASGiSe&migorp Lrildsege and Uni
review coll eges and universit(i\@%sgﬁ:lu&%al[llﬁl They encompa:
numerous programs throughout a range of professions and
specialties including enginb@rpﬁgtrﬁégd\’iedpﬁ@@drﬁwtabtdsolnn(
nursing, journalism, etc. Thid8 pPPBelekisC iMVRIINBD G [didh
dollars and millionsAodr esdi@@eht &l ¢ that Ua sspegcsijfic prog
tion is regarded as(a‘evdaelrladjeﬁﬂht%h 0j tMe et tahe g Xp&qtsat i on:
state). Federal student aiWdheaYo &rne blen' sOi tRt 8 el &ds. FPrd i
upon the accreditation sta@i&MoMUBheb ?ngfﬁpé‘flﬁ"ht[‘l}heAé

tors have moved ahead merel P9fPEMATEImMbPBACEITLHAd & att d Wa'r dBsO
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and TecohAnBoHTo)g.y Exampl es of whtehérer pradgrtahne aicnsti tuti onal
crediting bodies are AACSBr édasbspei beaoni hg Audtvaomwmes Ctod -b
|l egi ate Schools of Busi nesgyi dehait nsatcictruetdiiama It hiempQ ool vl eengeel
Business and Economics, andc APAti(VMemerncaer Msyoholspa@gicd f i «
cal Association) t hat accrled3tslalh.e Counseling Psychol o
and School Psychology programs in the College of Educa-
tion. This study focused on TABET add yan tihres taacnccree da ft apt ri cognr
-l evel accreditation (withihuhtdemenhabkbxtel emenhtshaoanl sgmeed
tion) and MSCHE as an instarncé&ebfudggrepartactnsetditation
written summary of their p e

For accreditation to take pltahcee,s ttamedrag dmuotf bbée aademed
stration of achi evement of 2c€amapius goa&lit: ThAccrepdoteéesnsy
guires a systematic wunder stansdeéemdg ao fvitshiet i sntgu dteenatns tloe arren
via a process called assessmegtramAssessment is one or mo
processes that collect and prepare the appropriate data
purposes of examining the fiUiherkel merpt aohumbedeont mad<®mME
An effective assessment uit ¢l agees sanpepnrto pofi asteudmaerd s U reeas i
whet her direct, indirect, mamdii s¢gi ¢ hle adremoualtiraatiione,oft
the attainment of student noewtscuamerse.nt AsfsddSdmemwthi tlkads wh
continuous i mprovement (Clproguhamsh tic odnewml tt het agkoeahl o | af
accreditation. Cl is the pocomeg amésueappphplé@ius Fiothhasmenss
evaluating, and i mplementilhmgsttihteutree g wirr elde airmp ma@v eOned rctosme
consistent with its statedceedcatioonal i goalmongnd hset undoesntt
comes. Figure 2 shows the sdanteinntudwresar inihmgoeawga meemt@apr gvi 71
cess. Accrediting bodie typec Dut yomesf AArsmets@emanhnultenr e
t he

it

S
guidelines set forth imhttheo@Geumdilt hfforobRegitomnwals Adc
f

ng ComARASCRiro msd p(l @ s ortGoodiBr @t inteeass,ur e student ou

New Engl and Assoc] ation
Coll eges Commi ssifjon on

The Northwest Commission o Higher EducdtiHeny (NEAS
Coll eges and Universities ( bMCClLL)

Mi ddl e States
Commi ssionfon
Education

Western Associ a
Coll eges Accrediffti
Community and
(ACGWKESC)
WASC Senior Col Ifjeg
Commi ssi on

North Central
|l eges and Sch
Learni ng Co mhklLd

Sout hern AssocH”at i 6N
and Schools COmmi s
Col | (esges)

Col l eges
ilon on

Figure 1. u. sS. Regional Accrediting Bodies
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mation to continuously i mpmente @omomgg amBe [ A8 yi oMESICHEo di e

for exampl e, requires that unhear es wlft sanoyf sismielsasrmetnite sbei
to Iimprove teaching and | eAdBrEnTidbnsg astsiedsmenbutanadmdahe|[ T @i
This is also at the corde, amenABETomseqeedmntlay, omarcy iitegtii
entitled Continuous | mprovemamrdten[t] 6 Ju.ncTloerda fnarte,d, p ranngr arne
are compelled to antici patiengc hdaenvgeel owimtemt amf emphdasadantoni
various skills that coul d afsfeesct Tihheer epfroerpea,r etdon® sef béngr a

for the job market and pavuenftohcauswaly efborcohoti naocasedictas
sessment of how the students are being educated [20].

As mentioned earlier, there
accrediting bodies in the U.S.
Mission / Program own unique practices influenc
Educational Objectives trinsic economic and cul tur al
However, their overall accredi
dent |l earning outcomes assess
more alike than different [ 23]
*:;:::'E’:;M e conscious, -pesviaghede, amwel toorc
program andsset goals to align assessment requiremen
improvement streamlined, focused, and mean
Proposed Approach
Define/Refine
program outcomes
andstudent As efforts are exhorted to t
D streamlined, focused, and mear
burden on the faculty, there
ground among various accredit
ments through <coll aborative ef
step is to realize the similar
ies in terms of assessment re
assessment planning and instru
Figure 2. The Continuous Impr(?Q\’eeg”?ed1ﬁa|3roacce@IFnesdtiittauttiioonnal (reg
. tion, as o] 0 ssepde c it foi cdiasacdrpd (
Current Practice assessment,pupsu;plly does notp
content or instructional met ho
I't appears that assessmenini $§si alid vethddrye caormp | maamyc ec ownno
accreditation. I'n many instsamaeardan ARSIt it wihiadm yhas thar
requirements of a number oOWi toh O @Irege l@maccr cerdel dtiatta t0iNo na Scsrei st
ment s al ong with institutiginmill a(rrietgiieosn aalmo nac @ hedirteagti iohm
sessment . In each of those cases, there are extensive as
me nt requirements, whi ch gelnteriad ee vwixdceensts ifvreonl ofTaacb | @n 1t h @
body conducting the assess mmt,acncanedliy atthi eo nf agcoualltsy .a mon g
Mi ssion and Goal s, Pl anning, F

I a presentation at the 12d0ard4niABgET asnydmploesd duenw s[h2ilp]., lan
vey had been conducted d ®mnisssseisesn st heeh aurned ed s € @ mehi b ghe ©
attendees (faculty) repaovdidgngegi basgi scoomi askcensin
T assessmenThaepaitiemepamsdls| y(,n=tdh/e)y require instituti
were asked four questions (rseegearalisnagg Ftihgeuirre i3nstitutionds
gi onal accreditation, ABET 1(.mrt mgri samg) sa aareendi tlad d romi, n gt he
involvement in the assessmentdprecebg.randt éd theires watsu
common ground between ABET 2aEdi degtoenaf assgssmenntc proc
wor kt appeared that a |l arge thaaimbmgntofofth@e asit®@ndees

(>40%) were not sure about a@8anunvaobommbhl gptogubBedsresoassesst

n
r

e
E

>"on
WD c
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Table 1. Similarities among the Regional Accreditat

Commi ssi on Maj or Common Points Taken from Stlandar c

Mi ssion and RBeabsycPl A&hhoogtion, and Instituwtsitdnal- Re
Mi ddl e Stl|atieosnal Resoumoaods Goveeadecsehi p rSgtuidtewntti dSruglp 0ASst sueldesnnid rnéte,
( MSCHE) mi ssions and Retention,Gdmerudlt yE dRIEdiaatt¢izddn &l a lAs®fil foerail n ¢
sessmen$tudent Learning

Mi ssainodn Pur poses, Organizati &wvadndtGlodvwe rAMaand&mud FPrl agl
dentsFaculty, LibraRes auwAdcrnicea rall mfecsronfactciédsno | oBp g ail ¢ &
sourycePublic Disclosure, Integrity

New Engl a
( NEASCHE)

North Cen|tMiaslsTeaching and Learning, Quali RgsoulEtds cadnadni8umReasr

( NGKAL C) tiamd | mprdeaeaménng aRes deldcansaingdg) nstitutional Fffect
Insti Musisoolanstitutional Effectiveness Goverfhance
Sout hern Undergraduate ProgBamsal Guacdwate Parmnd eBRsstobhadr Pogr am
( SACS) Resour c dsaXtuuldteynt, Af f ai rPsh yasnidc a3 e rReiscoeusr ces, Subsfantiv
cy, FinancCamp Rwsmbbe Oklser Commi ssion Policies, Repr e

Western I nsti Mutisebnoda | Ef f eRet si ovuernceesss,a nlde &G e/ reétmiajremd Pl e@r am|nan d
(ACGWAESC)|Services

D\ﬁfédﬂng I nstituti cEdailc aR u roma@ad eR@ hged do tpi nredigse @ mdgrndde|s | yi ng
Western |/ A . . | | i q g
Senior Organ!zat.lona. Structure.s t.o Ensur e Qua. |ty. an Sus.tc

Functlimaitsi,t uti onal Lea€Cmeatgi, n@nan | Gmpg @wviematitgon [Commi t

'Ic':he Nothvmssts¢mme Themes, and Expetwamndgbmpl Smandatrdodh|reEBffe
ommi ssi o

( NWCCU) proveRenrbDlammade sCapacity, AdapMiag sFoahnf i ahdeB8tastai pabili
I neofsmel o ardmnvel accreditations. The s
and Goal criteria (for technology accre
[ 1611t iAs the responsibility of
itation to demonstrate clearly that the program meets the
following criteria:
1.Student s: Student perfor mar
Leacer ReS@WT Student progress must be mo
in attaining student outcom
uates to attain program educational objectives.
2. Program Educational Objecti

have published program educ
are consistent with the mis
needs of the programbs var |

Assess
and
Eval ua

these criteria. There must
_ icaly utilized, and effective process, involving pro -
Figure 3. Fundament al Assessmentglfraarﬁned/vghgtituencies, for t h

program educational object
Program | eviel Pracsgresm meavel asfs@&M&infen¢onsyinstent with the
l ike institutional/regional aR's@&Glsan®ng ,C krosSnicletnk & Matt SeGs Neene
an academic program is cont3riSbydieng ©OotecamesgealRebndrangi
devel opment of studéencse prolgr @At @fdssitpdiend outcomes the
l evel assessments are more s ptctigiine tthoe D r@Pigd @imp leidpue at i g
are to focus within their coMtesat dercumeahadcand pefofge atmi
creditation (e.g., ABET). It tRotuPWiBW Bofdedevhatonaefth
a number of general educati dnCenfuidrhheusout ®pmesement: eX AR
ple communication skills, arel &rolffmoths & oambrlsQ P roifattehe doorCoU
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sessing and evaluating tyherlkxCehtegeo® whi cThrecthimne | otgyd e nA
outcomes are being att ai mgplde meTnhtee dr ¢ ul tog hef ddmmiessi
evaluations must be systComadtigealolfy Twtcihlniodz@mdyaengnpeter
for the continuous i mproaecameedi todd tthye ABBBHy atmher ef or e,
5.Curriculum: The curriculammuetfdeébtiptdoarcameddeaecl om.

the relevant subject arsaoni pasappbhe wday sttawdaemti noiutti-
comes and program educattiiooomlamd] assesement activity
6. Facul ty: Each faculty membeovnatlkacannige iinmptiheememned f o
gram must have expertise and educational back-
ground consistent with tABETcomrst:r iMGUHIEO @ s 4t depihet Pr DR e
gram expected from t he f(accodlmtdye dnemlbe ABETherf aeui iy wit
mu st have sufficient respomneirbiohi By dafdnesthbei tst utde
i mprove the program t hr odurgehs sckesf isniniiiloamr amud croemeiss ii mn st

of program educational ekpactedes naodTaslluadeht whuetr-e d
comes as well as througrmennth eariempslheonmenn.t aTtaibolne ®&f i &1 ust
program of study that fpesiats that acdmi menealt i gprfeds ttuo
dent outcomes. opment of common assessment ru
7.Facilities: Cl assr ooms, of fices, | aboratories, and as
sociated equi pment mu s t bAh | & @ e gpsrpotgeri aftmoc sue@aonNnitn@t out
tai nment of the student mayt cmmmme sbeancdo niparatbdei caenoamy t
at mosphere conducive to demegmdlngeducati on assessments
8.l nstitutional Support: Igr sotuintdu thiaosn atl o shuep p@x g | cintde dl eiard
ership must be adequat emdmt eenfsfuircei etnftey. ghalcireyi aods d
continuity of the progr amodeTlh e hroewseovuerrc, e st haewa ielxglelce ttd
the program must be suf faicdiienti €@ acgqgubsuppombéedthbynth
and operate infrastruct wradd,y, f achiel irte gisonanld eeoawri gpgdnetna
appropriate for the pr ogrtaam,daamdd tfoacpurlawi dien vaonl veennvein-t
ronment in which studentAfotudrcoakels, c avih ob e naotwisa i meerde 0a b c
|l earning process t Homwetvkee , f ad
ABET versus Regi oAsal s€emmi eatbkspr members often feel t heé
ous section, the regional acnodmmi rspsli eoanssaaleasvddunrglemambei f Dér
common assessment requi remewndrsbufrodre ngc ¢ rhed iftaactuilotny.; & thru-s ,
thermore, the regional c o mwias slisored fh a&v e na yn wrhb ears scefs samem-t
mon assessment requiremeveseaompangblfert wapsogoamoll abor
requirements, particularl y tvhiatth ctahre ABEFoISLt Os hés oe ecrail tl e
3) . Table 2 shows an exampnhoer egf ftahceul giymiilnavroiltvieense nkt e tiwne e
regional and ABET assessmemnteqruaqgwi raemgatadi gm shi ft, wh e

form of scholarly work [24].

For the sake of comparison, MSCHE <can be taken as a
reference for the instituti doal ohtenediacakeisemensi nesereht

mi ssion accredits current téoeiampehatsdeindhtaitt utthieorne, heé e

Table 2. Similarities bledwele nAdreergd dointadt iaonrd Pr ogr an

Program | evel Regi onal

ABETCriterion 3 Mi ddl e States Commi sisSitoam doanr dHsi glh2¢ ra nEld ul
The program must demofEt™ Et”«%'oa”cdu ASEesd atidmamdarSe hovols & C
student outcomes thatr‘N|c§)rrtéhareengtrua(Ten'A‘tss.Otcc'Jac"'omero'fomo4 €ge a
attain the program edsoéjt ﬁ1oenra{1| Ag‘,gjoeccltaﬁ\}e0|SnStoafndCaorIdI esgesfand S
Additionally there m setStbeer.n Ass'tseoCa'ttaitc'.O(POI(:O](-SChOOIs apd Col
ment ed roce,ss for thltomemruinégci%/ arnreHv'.issuiHonndr’Ic')'#IOIZIeges .

P Sefh§ o' 09Iege andi SUnainvdearrsdist y2 Cuonfumids s i
these student out comes.
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1

2
Progr ait
Educati
Obj ect i

7
Faci l

3
Stude
Outco

8
Il nstitpti onal
Supporit

Stude

MI DDLEEATES ANDARDS
Il nstitutional Context Educational Effjlecti
1. Mission and Gogdg [8. Student Admissi]ons and R
[9. Student Supporﬂ Serfvices
2. Planning, Resojurce All ocation,
and I nstitutional Renewal _
3. Institutional Resources
4. Leadership and| Governance 11. Educational Offer| ngs
5. Administration 12. General Educati on
6 . I ntegrity 13. Rel ated Educationpl Act
Figure 4. Alignment of ABET Criteria with MSCI
meaningf ul assessment . One ol.jtt ?gmpwot'arkt component s
of assessment is the instruménts. 0 gairn needed efficie
in the assessment process, %nhn_is i mperative to refe{ t o
ous sections and exploit comhloh ‘;L’;Orroiﬂjnqj Vesy ther gway fyorgd
sign assessment instrumenténef]hap c&jmmgn_ugﬁae%%m%%% RS
plines as well as at a glgﬁﬁlglralleve Ucagd Otnheasbseegsisﬁn?inr{gf,
should be on the general e ﬁgtlslﬂdé Po.f)feg'gfor‘?‘glse RMEN f
sessment s. A number of emp'[|Urt|'cQo1"f"°‘stud”imé'st MeMtabi®ilsChed t h
professional competencies, or soft skills such as commur
cation and interpersonal sKEOIBC lartleSMu®©hN more i mportant
job performance than are technical abilities [25]. S o me
perts believe that professipPnsads scfeMRetiesn caipne sji ndregyr Wi gar
i mportant in contributing 1e @¥¢ek!l encenemaasuire isit@lelsgcCt
[ 2.6] for the workplace. It is also
many 1instances, an institutior
Successful transition frompfan agmeemM efi a6titdHiiani 6@ &
wor kpl ace requires that greg ohataensd pPanashgtreedwical i nan
social skills in order to fegaehdaRtefhpatméahynyli é€dsceld
because, being new graduat F—‘%ncth?b[ pttibHdrPPessPHREGPAA
values may not be at a pro CQ,sOsridqrhealteldeveeflfo(rptrsofpg,siaqnagln
tity devel opment is gainedmdid ojuld hs ttfhea nplrionCeeds,s fofc ukre@f e
sional soc-2@bepnaetabnpdi2dtisendgssashsemMedldt hors demonstr at
is not only important but ale@ed@OVdfS cMehicyt YaedS <Ou c cAeCsCsr
tation assessment. Therefopeoipissg§sebmthohhacoeragrehtiedn
tion outcomes serves a numggﬂQ@O,péltnp\p@egff@ptn§quentslty,
the development of an assega@ehnhstpPgtmedment should be th
first step towards effic-iency via alignment of the progl
l evel and regional accreditor | earning outcomes.
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Table 3. Alignment of Assessment Components (un
ABET Criterion MSCHE Standards
Rel evant <criterion as stat|eRdelienvaMmBETs tcarnidtaerrdisa a[s li6e] :appears in
i. . these student outcomes miSttandcarld diddeat batGlaarecemot | i mitled t o,
the following |l earned capalbilities
11. Educat i odntadd eOftf elreanrgnsi:ng gpal s a
3. Studeni SO)tcomes incl udowhedge and skills, for Jits e
(@) apply knowledge of mathe¢matics, science
(e) an abifbtwmutatedenndf g|pll2v eGeennegrian e eErdiuncgat i on: The insjtituti
probl ems students acquire -lamdeld epnomfsit o ige rec x oil
(g) an caobmniuintiyc attoe ef fecti yebywcation and essentirall salkidl Ilwg, titreal
(k) an abilitystkd |Uuse tamea |tmmailencimg weosn,i - sci ent i f,i ccrantd cgaul g natniatl ayt
neer.i nngecteossoslasr y for enginegremngopiagtiaad technol ogical clompet ¢
5. Currifklralaumricul umemesd ojpekliheEduvaet iyohal i O§ferunigesnds elducati
relevant subject areas i n |spupapgoardte nofc sctound eemtt , 0 urticgoome,s aanndd c o her
program educaétional objectlievdeuscati on mi ssi on
7. Fackialciitliieesi:es Classroomg, offices, | aboratories, and
associated equipment must |[be adequate to support attainmpnt
O.f the Stu;drEGthGDUIJHCGD\IﬂIGSG an3.atlmnosstpihteurtei'bcrnoeanl%utﬁreesmzuetclemanalal phys
cive to |l earning. Co T
facilities, and other resources nec:e¢
. . . . . sion aadegawhil abl e and access|i bl e.
8. InStItUtllmmtalltLStUIqumalt'SJWaniquiegrq,ertsﬁlpeﬂfnes(tt]n\ue E @ se
must be adequate to ensurestohueracq@usaadtly Zaenqol é:sonta{Woor{ Sine
progRasmwources including infssttrrtutioha %ervices? S nAhc? A 9
support, and staff (both aldministrative and technical) pfFovide
to the programomustetb @ rodgejpumtneeds. 0
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Osil eke Osipitan, New York State Department of

Abstract sign!ng3 speed re.duction, char
specialized traffic control m

The management of road trg?tglzleaan’fther%gtjel&ﬁirggﬂtn'kgeﬁ:agwiegroriil
work zones when constructipy woggegalldnéoa brm@ﬂtntc?é‘@ C&r 3
are in progress cont.inue tlS’etabv@eeann ﬂrsegéjee,dirnegqu\i/éﬁlné’léé“pbe
ment s. A work zone is a S e,0,Menst ORfeIraquQ/"&a}3§/ W eereki?lgn-Sl
struction, mai ntenance, anéeb%éhaltloatnia‘?/% af ,d iafl\ble #m%
ing roadway_s occur . Intelllfgja bwfhanﬁ]glgbfafge Orsgségrmt iI
::gcmhn?le(r)gyaln?j e'1ntf%c;lmatth&g)tn ut&[elc |lnizo\(faléorsa'legs gtcoleﬂ_atctoryorq]tuin\llgrat}np
pute ’ ' . ! . fii'c cog{'n'tro l n' TR% \ﬁ/%rf( 28R
portation systems, includin e puf%lnmseot {ng?igv 85% ¥v8r
ers are present. In this stuE?, t'h%' &' n'o'r investigate:r
need for improving the safeﬂy dfVefodf N r'l?érﬁséjfy?o ed 29
accident risks in Lagos, Nig®Mta, SBEeEL MGy nli AGK % TarEVWa
speeds, protection methods, ahat?Pg?fic_ enforcement in w
zones. -FamplOoneWi | coxon Sign&dCoR®PIKkE XTelBiighyay conditions,
used to test the hypothesis. 2Fi 8§8diMedd Si AAACRPOE RAUEME M
work zone, motorists travel®dl Ncolodvengo weathewyhep8dihieen
was |lack of enforcement and sf&QH8dhPattEmPdsrarPOoPfaffivet
trol measur es. It was recommended t hat portable I TS tecl
nology be provided to cauti 6R39M&t dSi St MeEYHPPWLr & tWi 4 e Itif
at high speeds; the speedst B3t n®XRII&tWOTsh&Y di HeWklak t 4
so that law enforcement agbRMP8CtdufNadvpeh&rdi 28 Jind|udd &Ss
the purpose of mitigating &SPi€Fdd | ¥i shkisd Nva yr o WWARE WD r k
and motorists in work zonegvhen knocked down by vehicles
speeds of approaching vehicl es

: dated 2013 Nigerian Highway r
Introductlon wor ks indicated t he need for
mai nt ance personnel , and t h

en
The us e of technol ogy forstrae ehRlapihmd S hGiret anler @c tairvijtfije

was applied to transportativ@m, c¢ @n stpretecdt itoon,| aanned eontthreyr .

tries in order to enhance pnix&uWwctpavviitnyg medarciealc® st $hiicm
safety, and provide servicegsul kPserefnnivadbd traeahfifcle ¢ &S UEBnN
warranted developed countritéhsitsgealehaspuimpe &nSpublVia@anigh
Western Europe to deploy aadviapedy sngesl saewi ngr amas o rst
tion system technology (I T&pntepolmainaget @afdf ii oNnpd WV ree rtNiCy -
dents and traffic flow in [Tngirngesplegdi ¥y®, catt ilesastDetvied
countries such as Nigeria ace 8fi bbrwablewimTg techH6hogY
i ssues, which include managemdmipraofvewasrak ezgnéasn. work zone
A wor k zone i s a segment when osltw@aryi swhserger eacridtvi dwar e
takes place. Such activitiegnieBnclalhdje ama ndEetha® & €t iod n ek i &
roadways, construct i orno aodfw aftyerwe eemheenme nd fSf,i cGefr sn Gror speedi:
work (e.g., wutility instalilmmiimarst . 0rBerteMedint )J.unlen 20OBY a
road users recognize activeewadmhls zweneas dooyc usnpeenctiefd cf dri g & v
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Lagos [5]. Lagos was rankedobtgbedtoramongrsdtsatsed oi nc hMinge
ria for the number of fatabntitesafdurci cpntdhe i pasi od~.orAviani
data did not <classify accidepdiscsatdatrattucr edoips waor ks | zo
in Lagos work zone [9]. An | TS install
utilize existing fixed infrast
Traffic management strategtiwedy haarveea womeanh dt ut ebi 2en ptohret ¢
study area but their ineffeéempoeneygsatnirviadt skgmeeatiseann
dation of I TS technology foanest 6Hgsteme foeesdHl oiwvngftie
in managing corgeadtfiicn aate asemtmu Ny geema deased to solve tr
major <cities [6] However , robesii dercatnisaomr uewd s omo ta ngli vreani n
its use for safety in workpeothast Tbenonéytbhatudyi ieondno
for a work zone audit in Kaam,bd&igeefal, that thive esi tduatvi
violation of imposed speedtlut mi tdse,t elcad ko no fp reonbfloerntcse me@adt¢ a u
the use of substandard tratwhichcontctoldedewir&ess,eclidoad, or
Manual on Uni form Traffic |[COMhtrol Devi ces (MUTCD)
instead of the Nigerian Highway Manual [ 77 . The study di
not recommend the wuse of ID?ntEgmn@Io@a.né-lo éqrgitnh%s'
current study investigated traffic speed, observed an d
mented the perception of roaﬂewagthr P ERE&€"MmaRy éllﬁgntro?
way al most every business qia en W‘U?kfz%%ecqqtarqui,cmecaoq
in Lagos metropol i s, WhiChz'o?etE?e ommerghal FepFﬁffP?.K
geria. The author also narpgrate ?—ﬁi‘? e?\&iotm@%fﬂlﬁ?gdait@eo@pm
cation and deployment of PQLEt R f@d|m[{% t et nnqaltoigcya|t|oywalrg§
supplementing any temporary .4t iacndcqcr]torwo? Onﬁedaﬁs:tulrensS USHe
to mitigate risks to road ngpﬁbszo gnshgu Bhﬂ@swp{)heﬁé
wel | as motorists in work onqj'naesss'rpg zacgﬁ)es wc!\ldlgc?rtﬁé moved
traffic would have time and s
Probl em Statementan impact on moving vehicles :
traffic conditions would-defin
Workers are mandated to ppeerfkorhnﬁ’udlﬁt-i'@'@E%HWQF@Z@GUWGS%‘%O-U'd
ments, which require constMAEPTIbALS mMAiOntMenadrec ed h eoard stwlereq
ing on the roads of Lagos.f_eTaheh'vTﬂchkth@or?é0|S§da|@@%@erﬂiwg
l ocation that equires workéedppstedfiynaadd! RheroMRaAORGT
motorists ahead of work z®des tfoorchangged ramatdpresdonnd
speed enforcement. The applaifddtviidm @ft plo rftoarhcleed IDTOSF Ntte confn
ogy would help mitigate pofefatian. inbideAPdPermpatPi W' Kc
workers by providing adequat5e|0eroarnm'iattibe1 %Y]ertéhgzep$6§6jﬁc
of work zones and speed | i MAR6SI NEndoBAEsi dhe| A@at 8nMEF &b ME
agents in speed enforcementf eima i Wio ri kN ztohneel sf ilnaneasgont i It
this case, the traffic vol ume
Application of | gfzthaﬁ%lttirg”? at the merging
I TS technol ogy integrates mode comm at|on.and
information technology int r\lbrla $rptea |do Ipfe’[m ‘
order to montttiome tarnadf failcl eivni arteealtraffic con- o
gestion, incidents, pollutidhe &@a¢giaph Sgeedr hhmemt 4 ¢St
apply I TS technology to moh&&lnolahgy mjaensa' G etdr atfof jSce tf | tohye
particularly in urban citi &85 eWWo ol ztornaeffl*tﬂsmelonnsdf'%tullmm@'9\'
enhance transportation andsPmpfowd ddfadtfy CanadpprﬁdJIm'llCIhl'tnygi
and around work zones, whiZlodeshebasnaghbrimattihe Cpurorve ndte ds i
could be in -ttihmee ftorrani foifc rceodhedilt i@sSn st hes ytat tarse of the con
del ays through a work zoneC Ul d ektoimmenhaieBOdt JoIkrai b6habke

work zone, based on traffic f|
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conditions and may use sensadgrss tamdmaecmibtl @er nern evwoa iklsi nd attr d

or input from transportatiooe phefésseldnals and | aw enfor
ment agents in posting appropriate enforceable speed 1| in
on a changeable message sigRel@CMSe fa&al]lagdshemertercoopm-l i s,
mended speed | imit for c¢ondiatsisoncso mosft rmecrtgii onng/ nhahien tternaaf nfci ec
function of the average speegdhtofngtr af piec wptit88] . akdncapl
VSL displays the speed | i nsittr utchhricongh ptalve mENE WwWaskd amd
average speed captured by thg s$engporredomheadi gl deed bs me e
l'imit could change at i nt erhwallrss, dbuarsiendg otnhe rdédyt cmeondiht
interfere with road intersect|
Redli me I nformation 'Sytsaﬂ lgerp and operational. Su
interrupted. | f there Was i

Traffic conditions in WorRl(%%‘ﬁ%s Q:hlaah%%s 'a n%S unggtelsnji
af fect mobility, particulafrﬁ/lr?: whain No algh t cea[ﬁa{accl tgf”h&?“ %
reduced and traffic vol ume A £ ha{sCha result h aCcOt U
in a work zone. This res-ul JLHgﬁas?npogﬁwe{teorgléftéq._tf’he
time information system prot\flaci dC Nk % rYfi& i oh" aREELP LY Y €qg S
ers on traffic conditions V\fahr n° ' p[%arddaf’csﬁi”\"?itg @brRT9RBAk
The system utilized sensor%' atn'd® Nc d el @ ¢ & ML R {BFatre%n
time traffic conditions. Th% sensor daﬁqta wer e Lfsed t 0 Cé
|l ate the speed, del ay, and Er:f\})esler{'? e p%hgjabauetolm-5§|E§
di splay the messages on a gg F:\?nﬁ'c\é%lg%sgp?féiér‘?.re?ﬁewtﬂﬂ—c
torists could make a decisiar t°% %% k% a%h aletrernr}tataegernocu't.ee”
age mobil'i'ty "and Safety durin
sol uti s for deployme , ai
Deployment of I TS Idositiabdcadn 0 sonliflor Wogr Ky s
Zones istics change during construc:
operates in the form of mobi | ¢
The deployment of I TS tecBh88M8BY- nleled¥S8q§D Mo tedrbsljec jSeennts
and effective, based on ava\"’i'Ite{‘bI'entreegsroal}ecdesportsabvxleelIdya”sar
mination of the nature andSBPS&E BRdeE kdeglfaiyms nfcahregatigamm
the work zone so as to addf@Rsdempehdl hgffiseubbowetpEiet]
depl oyment of ITS technol oPdi%Ys addpdb®d Ph PHatal méoﬁlu?e'ﬁ\ée
knowl edge of which technolBP?Eg'Qviﬁﬁnsm%rs§ L tBe&IFYes yt ad
dress the issues of congesec o9 atnfgr ouBfhe 18y Woirpk  Zoeer = {BA
hance performance of govern'rr?e”nst’ aegsetrfdﬂaetsediﬁrﬁ}’ébiéli'ﬁn S
safety measures for work Z&®PdesMotPfi s48 omsPQltaPlgncha
encompasses a broad range yangier @feddea i i rZd! €c o nlMen iME
catbasned information and eltelctirSolnSi c@ Mde cWOn oK €of gSi elsh rsontgduh gd e
be deployed [14]. adV|_sory r avdei hoi c(IHRFARQR S,i nal ar ms
websites. The type of messages
Relative to the scope of StIneWw prPEjedSt afd®@®dcohE@VEEd L] ME
technology to address safeP?ea‘HH Th g rnat § slsQbise Sn Tihee s
zone, a plan as well as t heMOosynstieedn %M%cte@ast mudR Be Hegfe
by the agency to ensure ef15881‘7?@éﬁeé@agnd\'oé‘pf.itépé‘ﬁcySb‘Fh
tem deployment. While the WfbJedP Pt RhEstheemédi NG HENTE &8 m-
porary, the operational an&prﬁ§|nt|éﬁnéﬁcélg(lsts during act
ties in the work zone must be reasonable. This technolo
could use field eewicuds s@EdOeMmasli kh Ccsad i on System
(CCTV) cameras installed on the highway corridors to cap
ture images and send them tPohias terfaffifciice nma rcaogremaenn tc ag ¢ rotne
(TMC) at a remote | ocati onsysTtheemoTsMG@peo msii Dins aall equi abi
ment that includes |l arge sg#&aseieiny mooalt ®lse tS@rvViEer St he€ 0o me ¢

00000030000000000000000000300000000300000000ddd0d000
USI NISTELLI| GIRMNSPORTASYISOEM CHNOL OTGOMANAGWORKONEBNMI GHWACORRI DORS 15
I NAGOS | NERI A



000000000000000000000000000000000000000000D0O0DBBT0000

as respective phases of the project [18]. Depl oyment of
I TS can make wuse of fiber optic cable FOC), where per ma
nent systems exist, as well as wireli®ss technology as
means of communicati on. The portable |50ystem would rely
more on wireless technology. The wireless system involve
transfer of information over aMdi=m (®nce withou*;g-sing el
cal conductors or wire Iines.mlt w,ynl%utm < adio wa
and/ or microwaves to maintain  comm@w t i ch nnel s
with the <central base stat|on Changeable ExcessiWkeerac ost
mai ntenance, excavation, and on —t o Fafodfubaloc and ¢
lic needs would be reduced O VeBoknbuichMerayosd et d I FWEEEK™ 0f t h
technol ogy is that it is affected by weather other _wir
devices, and terrain. Figure 2. Application of ITS Tech
Similar to the deployment of MCi€x eid Q%rmaaréqgtuct §e|n[§6'a{
I TS technology utilizes flﬁoodt >\jlce'-rStHant I 9l i85 12 oo u
and sensors that are tempora{‘rll "positioned in work zone
captures data and enables data flow from the field to o
field devices, vehicle, an M@tchlﬂdomlc@rgyr. In a wor Kk
a traffic management vehicl e, whi ch collects dat a, i s
equi pped with a mounted canrgellaatdantke d ot ¢ehesmeRihGdBPBEY ¢
The base station server P raouctensosre sp Hyadtiac aq q lyl ey edr vferdo ms jt
sensor and calculates delaygnatssdmdintodSomwhmbaporens ahk
present. When the communicgéhOom S¥ySHaMy i N2@1WNWO0rkKhgoae| e
engages wireless Internet, wan| | aAm8r Aglenbeot Q&olr odluP)IRo&BHC
t hat has high priority forwdymstanfd oy rGifkiirnf Riomat. i oan stphry
the network would be neededyasT e nsdyusctt @ WOoour! B1e0BOR  vinddHui € dsl O eds
erable through the use of APPHEMPT irahe ol §ndiagtdeSr vtjheapte WOy
enable the devices to exchagaatknfagidmat isn oPbrsoeprevreldy tanned
we | | be interchangeable witidhfpreeewnet sefgrmemtdi fofferveortk mag
facturers. The I TS installaggjens in work zones would pr
vide significant benefits to agencies and those affecte
the mobility and safety i mpgaaCstesd @fn -sfeleatd o@®D S st Wildtyi, 0 Nt haef
maintenance i Figork 2onssalchHhle®atdc réindomly with 56 wor
gram for speed control andjibane agmei @i mGenh &s ek r@n jthhre rot
rent methods in work zones pleit rlogp®AS-s. St reuncdteud e d u easntdi om s
asked in order to determine if
in work zones as well as a per
speeo measur e in work zones. Data g

Excel and SPSS 20. T
det B md' fpee5r k@tnh itl lee o5

t

0
m@wmm fic speed at Funsho Williams A
road. The Shapiro Wilk test we

ﬂmxﬁw m@::: <ﬁ> Based on the ®atmpdme Witllte®d xOne
Work Zone Rank Testa,r aanenhomnc test, was u
| owi ng hypot hesi s:

S
Mi crosof
50 formed t
e
h

HoThe median sp
Figure 1. Current Situation when 2Workeygnpwere P
Wor Xone

eed _
g®SRMY hirn the

. .HaTh.e medlan speed of highvxfa)
Figures 2 shows a schematlcwlrekgraorﬂ fror cgpgdgge'ct iy 5
and | ane merging on a work zone wi depl dye T ech-
nol ogy in Lagos.
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Findings

LA
The data gathered were aan X cel
as wel |l as SPSS version 2¢C erent
analyses. Based on the out:. t hat
of all the responding traf 7% ol tr
while 6% did. Al so, 79% of|& serce
sl owdown signs, whi | e 21%.5 ffic
agents did not perceive s plgEs0% , whi
13% did perceive speed |im|E

3]
100

25%
90 -
80
70
60 00/0 . . . .
50 | 357 429 448 564 595 714 824 892
o HYes Speeds (Km/h)
30 | HNo
20 Figure 5. Cumul ative Percentage o
10 4 Zone Measures
0 . .

Control Trafficat Perceived Speed  Enforce Speed Ta b I e 1 indicates t he S _p ee d_
work zone limits limits vehicl es, based on the time i

the spot where data were col |l

Figure 3. Responses of Traffi disdglehicet ®Frr6G tmMet &4St-r ol and

Enforcement in Work Zones
Table 1. Frequency Distribution T

Rel ative to protection of MRbKKk%ed"s®Sin work zones, Figure
t

indicates tha 77% of t hel wd rsbggc;repqq]rt(ﬁ;gynved pEPd gcti on
measures, while 23% did no|tS®Hqxeeione veokipdigest Mo emedmstuines
And, 56. 7% of wor ker's indiv§£&%5£?a14‘t e.X p_|4a/oceg oa.rrica
on roads, whil e 43.3% did Ig.ld)l4lél..lbba4lc pgablsl%u b—a+—+1{ cade
20% - 4. 8 44. B8 11 19 19%
s | T1% 3.3 56.4 26 45| 45% ..,
20% | 3.6 59.pb 23 6 8 6 8 %
£0% 1 3.0 71. 4 14 8 2 82 % 851 N
50% 43% B Control measures at 2. 82.H4 10 92 92 %

. work zones? 2.4 89.p 8 100 100%
40% - )

m Place barricades at
30% - work zones? The frequency and s'Jaenedd "85ang.
20% percentile speed of vehicles |
10% - actual medi an'"seeedntfiolre tchaen 5
0% - mi ned using Equation (1):
Yes No
_PD_Pmin

Figure 4. Responses of Workers to \N%DI’“W&%&RF&%)GéﬁniOn (1)
Measur es max min
Figure 5 is a |line graph iwh®kisgeat spgethfatRrRdPrmud mttiilvee pegic
age of the frequency of véhighlee spmabatinvewopekr czmrnegs .Pmi
shows that only 45% of thehimhteo r Ismiterse d=;d 1 e r bsep eoend [ 1 ¢

56. 4 km/ h.
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For this study, Equation ((pk)0o. wds-2aphbitednbadIder ehortd,e

information in Table 1 inwasdeerj ¢ot edde.t elrmi @m®s etnhcee af cotru a
medi an Sperdeasi0s eown i n Eqtutad i wer K 23 one, Figure 6 indic:é
speed was 59.5 km/ h, whi ch wa:
0%- 450 was hypothesized and expected
%450/0(59&m/h- 56.4m/f) +56.4n /h Skm/h ( o
68%- 45% One-Sample Wilcoxon Signed Rank Test
Equation (2) indicates thi g - me d i
(bercentile) speed driven Hypothetical 7 0 n e
Si mi IEqgrulay i on (1) was appli_* =50.00 al
85bercentile speed, as shovgso = Observed
Ve
00~ 0, i 20.0 =39.
w(SZA(m/h- 71.4mh) +71Lkm/h  F4Tkm/h ( 3 )
92%- 826 10.0-]
. - . .
quatlon (3) i ‘dpdei rccaet netsi | teh 001 A - o - - s _
torists drove at 74. 7 km/ h Vehicles Speed s in
work zone were expected t from
nor mal t hrough traffic. A S T yn wa
perfor med us+V\hgkth€esShdpDirr
indicated in Table 2, the e G 4,560,000 . 000
0.05). It failed the nor mal
Standard Error 289.570
Table 2. Tests of Normality
i . . Standardized Test Statistic 7.028
Kol mogSontioovwnjov ShapWirlok
Statf sff Si of.statfiegtf sig|. Peanpieisele) Pkl

; Fi gure-SeampOre Wil coxon Signed Rank
Vehiflcl &, h10¢ . 00lo. 9181200 . 0o0lo

Speqd . .
Di scussi on
* Lilliefors Significant Correction
Because the data violated l%ahseedno?rr]naltlhteyfallsnsddrﬂpgtlsvli’qnt,h.etrhen
. . wo K gopes N Lagos., gt ori st
On8ampl e Wilcoxon Signed- Ran[< Test, which s ™~ a No,N
. patterns ' on these sggment g g f
parametric test, was used to test t"he cpy.po.t €S L5, h? f
h othesis stated that themr"’ﬁgnfer!lnwsheened 'Y ' h% ?No?rﬂ(gzorqg
yp worﬂ PO neRE % r'e” n'o't we'l | prot
50 km/ hr .
Rel ative to responses by the
Tabl e 3. Hypot hesis Test Summe?rpyed I|m|ts_. _The speed I imit
affic conditions in work zor
Nul I Test Si g Deci s c”peared contrary to the author
Hypot hlesi's because the areas where sweepe
The mel[doma&amp| e . i ts.
of vehi(WiésoxonO 00 Riju?(it the
Speed pHughed| Rank iWor kers could not control tro
hypot hes.i . .
50.00 Test the approaching vehicles. Henc
Note: Asymptotic significances are dis@)laa@@ds. Onhid sti@nefirc@racdewlaeYelt\OasSOthE| d
approaching vehicles. It is i

As depicted in Table 3, tmmortkeswas nidn cptedr é¢édat sBuUbwaan:
tically significant wi th pbar r0i.0Dde (tphked . 0&dd.anB8uazh =si7grmd
Since SPSS version 20 uses "®Bl®w alopvma "asasi twe |l de faasulptoifnare
-t ail test s, considering thdts tflog &dlatmher rcdhtainge shy pvotr ke zios
directional, it was stati Ntiigealilayw 8i ghiwaycdManhualt [p20F, |
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Whi |l e S 0 me pavement s wer e a kga m wer e not
mar ked. The speeds of mosthéf hﬁeeﬁoc:élses in the work

v

hi h d b b d ded t
zggi\exvtegeofItghearnoa((jawa?;.e Lzlvi]OAherkeaP%%{%sn e%(qr%zh:&}e;e(gngaedﬁsgug
t t det i i f t 'd )
presen o etermine i mot orh g Sibisd ss ed,pgqgrltqré%fgﬁs e
W

i mits. Hence, they need to

force the | aw. The Lagos t ff ><I g?‘b'u?}é? ?ffriole
100,00Q Nair a or |mpr|sonmentwrgl\g’vfoartszé’nf‘lrggng_itﬁo?r%/ff'elrﬂﬁé}\r‘
exceeding prescribed speed i t9s— [?f] .. % %V?:\%/svb\’/\éa—s EgCH

specific on such violations[é]ﬁ)W wor . .
road safety audits progr .

and reducing MPrkntldraibm/IR e

Conclu3|ons port, University of Wyoming
[ 3]Bai , Y., & Li De¥Yer hi20i0Gg
The wuse of I TS technol ogy hasawmsoes befenhiagppwayedwat.k wa ok
zones in any Nigerian <cities.Kalntssasa Delpiacgdatmeon wHe i rwaanrsk
are engaged in road constructiToahn:0mKiUnRenrmainewved utromtnti
|l ations, and manual sweeping ~dtrisgegmémntcat obnsmaRep o rttr ubh&k
roads in Lagos would improjpé]Garfetyusidhe Woghkwayp aweepdar
posed to damnsgpeeresd fvreohm cHieg ht r aftfriice.v eldh e ftfortogm / / punch-ng. col
zone area also needs to be cewteopkibdheadgowsi t h standard sig
t hat shoul d refl ect the 2053Ukuopjdiat e Mi. g gr2iGahrtl,sH Mode gpimd
Manual for mai ntenance of roadwdyds.al | roaspeacE2iodedrFAs it rh e
signs, -ttihme riemdlor mati on receiegderiby wotbirngt paper s, N o
through the CMSs would enabl ehtdtrp:v/ie/r ww.on ibgee raiwaawaet cohf. oirng-
pending activities on the roatvRéy|)twbV6FRIi mabghpdénable th
to take alternative routes|[i6BflJinmeclessary.A. The& shdkelde ke, mi ©
pl ayed to motorists would r ederee feixtcse scfi vien tveelhliicd een ts pterea
in work zones. I n addition, i ti Jwoouwrinda |l a sosfi sRe d eaaw cehn f lom fcaem
agents in enforcing. Those wheeeXdygs@Bwork zone speed
l'imits would be fined A ddwhUewafi né, WKa R 2rochde ) tsoa fveitoyl aatu
at through traffic highway secgttidysinilkkamoe,c oNimgairdidaan (ilmaisc
der to help curb such violatiwoessihywor kT wrokneys.. Retriev
aci karsiv.atilim.edu.tr/bro
The technology would also he2@Sanfidti %20 Au dictclhd®earnt %2 0 Gg su
ries, and fatalities to road ®%0rk®%2E6Kans, WRAONI gar i anppd v e
al | traffic management . I n[| 8Ratnele,, Rhe(RRO&Is| iIShaarutar gp a
ment could be Il ess involved iswdtieagmgat(i 08 apdraniyooaimpe
sations resulting from fatalimeaeasatipernrti phbbhRepogli gdaTRRe
guate protection to its per sovmomel t hat mi ght be injured
killed while sweeping, C O N[SAJrFUBDIGHH WA @avdblrdk)a.z ohai ninh gl Itih
roadway. portation system i mplementa
nol ogy and data for effecti
Since there was no permanent RéTSi ¢eeedhnolfogoym i nhpt pc e/ ww
Lagos, the portable I TS was rpehimimeadicedndlefclhhwasrop14CcO&I d
rapidly be deployed to i mpf[ @& 0@SDV@HFHWAZ o(n20Wds5kf.ezogyne Fmobislui
tainability, the Lagos state gafvetryn me ptReya @lmd/ eglr ovi d@em a c
guat e funding, train i ts p e rwsvavn rogls . o lmwad edpolt o ygnoevnWtwz An d s
mai ntenance, as well as provide_measbersfibspsommcthapgyvi
and other equi pment from t[hlelfBtusbwmeanni ®Rhbht Beéer twoelkotz,o nG.s,.
For future study, a detail ed Deopdedy nfenrt weoonmrdk ewvalkuptliaoimi
and selection of I TS technol owgygr ket 2admsesrwo préskeatwdrramnt
ed when the technology has beeaomfiem eoper aotfi ohhén Trla@mspeno
graphic area. Canada, St. John, Newfoundl
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Nasser Al araje, Mi chi gan Technol ogi cal University; Al eks:
John Reutter, J. F. Drake State Community and Technical
Bassam Matar, Chandl er Gilbert Community Coll ege; Davi
AbSt ract ARMrased miqrocontrollers. .The
more computing resources with
Th . and g,reat.er erX|b‘I|ty t e.n
e electronics world is €% P8l 1 &N ChleN G 1@ HKCjOsMP! &yt € traendsqu<
mation in the electronic deé%id '?;\v%gr ReW Rk 31éqtf%.ctf5,ee MQ
me nt to reconfigurable d'gb?t”‘%nsiyﬁwﬁgq'éduﬁﬂ/nlgor{“drclré;é:toﬁ'itﬁé
l ers is sweeping the elect nkEes a"orc-y%airELaFyQJearfoR'/g%ratuoatce
smal l er, faster, and mor e éﬁtemllpr] | §ONSY e na— r'er-‘paursetar
devices. Mi crocontrollers @5r‘?fibgeucroanb'lneg soy”set e%s.lphen oy, Set
exciting devices in histor ogiAé d e Lo eh O e j deo&&nﬁé@
technology is the ARM-brise Orcoognrtarn? albelre' s CA%IXFCSi n has
embedded system is the ind Sl % s_,te}o\r!;daardre 'utlht CUuryE€ndt (Sia,
at 5 billion units per yeart’roa}q‘iritte"&i Inloliorbciqu’ Sediagsittane
for poweprofwielr, elloewct roni cs iI TeasesSes &r?c?isr’t’éle to,he need
and training in this teCth{BHMi&isar? 'éh al g J’?heglngl(ma 1
technicians in order t o ree”Qapier}thg‘p‘?ts'tailvseO' inocrg‘§§¥né
need for these design skil}peglh JELOR EKPTPEI 2R i GEFs 1
ing curricula wbasedomr See.tﬁa%vﬂhtc&’fﬁl Harbw e description lan uag&sand[t)m—
technology. Partners on this ;BfnQlpg &t | 3y Y& risqno succe
Nati onal Science Foundatio% ( IP) project i mpT ement a-
ti ons,-t hteraaiinmmienrg hundr eds of Ai nrset(,feurf:t°§l§r\?é‘>¢ \IN LrQent
ducing thousands of studenotessitoneaé\{%n eaqj e?ﬂgfh%lére%tt%?ie(
el ectronics technol ogi es. EQ ¢ '8r§§‘rﬂ)ie atianes aruetshpoornsdedd'
the offer-diag Déac al ttywoprofe§N iecl) zilln 'p%PWe?'br incorpora
(educate the educ abtaosre)d WTDirlel’ I&O‘F‘P'Ei'qyiﬁeaaj%}ﬁ el ectrica and co
trollers for electrical enqierbeh‘?]roilrb%yt epcrllb”gor}aongsy. #F?ecsuullttys' ‘
of a National 6SAcdveanncoeedFoTuenqdr@r§'I&qujie—nt viewed knowledge
cal EducaATiEO)n g(rNSR . The prl%jr%(:tasggaifitairc?altoski|| for n
provi de col-tdagee mvidiulc;atuiponaa.nld ﬁ]gpkgpggxe 1] Respondin
with current technologicalcgp\g L 0 NS, ints[SU n fMertrb'nSstgﬁ
ject wildl provide the traiq,ietagngpg Péjéflcab'n? %fsf?§ourtchees
promote best practices fora%%mnﬁ‘h@int?d% ‘?r‘?llcf’ogrﬁm nnidt Uﬁb fa
ty instructors to enabl e tf’bqup tqo otneapcﬁevrﬁeo%shasrudc%ae¥sesftuelchp
ogies to a broad range of sftiue(Jde tcs’de'nﬂo!dj nd" Pin (dbta?sstrere)é’v@@r(
not_previously had access to% tanids |Irﬁpvlejme°nft téﬁl&iﬂrﬁ@@aﬁﬁgt
choices. and |l earning projects that wil
. cant numbers of diverse instru
|l ntroducti on geographic area.
Industrial, commercial, aiRde Semsumeh Bactkh grics nd al
types have experienced a transformation over the |l ast d

ade, brought on by revolutiamiarycdht¥admnseerisn afr&C opnefciodnii Mnag
components such -cashiFPGASOC@¥)t e€@®8d in history. Average f
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every aspect of their home dbesei gshedoaootundl t aemt h&ht £ama
FPGA can serve as a condroARMY[s2lemhbaceadRMr od degord.eviice /
l ights, home el edtwidni de, | apeliihaucsasr,y edstcanda-kdowhn smppke
through microcontroll ers. Uteisleiazicrhg ftihens e sttmdles, tthame cwd
wi || be able to | og into fhei5r bihotmesduantds cpatrpgpkaryve
el ectronic component from ptohweirf-phwet bel dctdreovriiceess . i nthree a
same wi || |l i kely be true ftorraicnairnsg, ilnustihn ess steesc,h naod d glyi mis
ot her possibilities throughi ¢thansisien odr dneirc rtooc ornd meoil il ea csn
ilnternet of Thingso can oemgl beapdsbabéel ovwt howerdec omn gnd
crocontrollers. One microcdrntyr oclolmeprarceadn tnmanRRGAHDhunkiredasc
sensors throu-ght egrsaitregl eciirmtuen e rpyrtohtioncgolf r om | i ght switc
(1'2C) bus Figure 1 sHoecvhsi pal miycrcoangpnh terxo Idli egri t 2y s tseymst e ms
integrated circuit containimadg na cpornatcreoslsloerr, anednouyj { amd p
grammabl e input/output pericdiherualtss. control . It i s not
experts in all aspects of the
need at | east a working knowl e
Stellaris® LM4F Series MCU
Analog Research [5] identifies facul
Cortext™-MAF Flash concern. Universities need to
80 MHz LDO Voltage their faculty to advance profe
JTAG e Regulator ject enables the updating of t
NVIC SRAM 3 Analog Ium_to me et t he |nd_us_try d e ma
Comparators engineers an'd technici anrms, .Wh
SWDIT experience with current desigl
MPU m 2 x 12-bit ADC proach for faculty devel opment
ETM Up to 24 who acknowledge the need to uj
2 KB not have the time or training
FPU EEPROM Temp Sensor vel opment plays a -tonogiagltowbhe
faculty wvia theory, research,
Serial Motion | eagues. Additionally, it oper
Interfaces Control ing of instructional <concepts
8 UARTs 2 Quadrature fessional devel opment connect
Encoder Inputs and career stages, diversifyin
4 SSI/SPI 16 PWM Outputs .
Timer Curriculum Devel opmen:
USB Full Speed B t Faculty Professional |
Host/Device/OTG omparators Wor ksho D
2 CAN PWM PWM
Generator Interrupt This workshop begins by expl
6 PC Dead Band Generator controllers: Who uses them ant
face is examined and instruct
System provides input atndd o loluatvp ue x aunsp |
ltems such as temperature sen
SysTick Timer Clocks, Reset simple projects. This class is
12 Timer/PWM/CCP System Control how to full Yy utilize t he har d
6 each 32-bit or 2x15-bit 32ch DMA free software environment. At
6 each 64-bit or 2x32-bit _ a each instructor receives a fr
2 Watchdog Timers Precision Oscillator design environment software. F
© Battery-backed troll er course fl ow. Topics i
GPIOs (2 Hibernate Har dware Overview, and I ntro
pants not only Il earn how to o]
also how it works and how to

Figure 1. ARM Overview
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Figure 2. Microcontroller Course Flow
as those involving | 2C budwes tapdwackehepos meaee d . o nAftthea
teaching this for the pastprfoecove sysecarr saandt hehet exmehbent el
that there is a requirement for teaching programming | a
guages to instructors for f*aermdt\,gal?ee SLD;éQ/ses[lbl mbénsEUC\
portion of each workshop |c
gramming | anguages. The apjrI é hre'seeSWorA[-MIAv(};g-zg‘
that they be taught by a CE)‘mtallnaltabn oh sBolded univers
and community college instructors. By having both types
instructors presenting the Twoer kKTSihyogp S, a uintc h 2 h H © B§oaslit (i fettvifad! §
attendees (who themselves wdtlilonbepifartam r bnovuheracsemMunfiigclryoe
coll eges and universities) it r1eaki zegntehat ytghec igefrujiseisonp
type of technology is possithmbe1BGHEPMI mWVRrb¥BASrBef| e6¢€
The | aboratory component OfpltafﬁfPoW(Pnr&%hodoxdrseldéeefdﬁtﬁ?éjorﬂéllm
a sequence of interchangeablaqmI|a;,bq)rfatrﬁ)|rcyron};oodnutlreom|eFrIsexdab
ity enables them to be tailcqruegd ik e cbg\é|rdua|l/on|$éé(§1@,t§r
workshop is designed to inReRAdUEPDt & lBSBQIaStﬁﬁv@rftemﬁcr@ﬁdﬂ
troller technology to instragt ohgs By oOhwi te ngo aorfd tthqeatwq
shop, instructors will be tcapphée pf/adﬁlﬁgfé’ﬂmpls%cﬁr%lse
and understanding microcongM®D | €6 n nheacrtdowasr € paontdend e dine e
tools. Texas I nstrumentoés ARM mlcrocontroller was chosen
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ty of the API functions i sl 2tChadti gtiheay i edecd ambé edbegbADKX
resources used and, t hus, ftdire naorboiulng doefvipewarppdt orcat meadcs
This is very -pionwpeorr taapnptl ifcoartii loosieinisti a gua@pai cati ons, as we
given function, the designeesuwuleteidsg t or aml mott hen fancshon
pass the function parametepantld stconflingwemre uphe cb2€eptead
introduced in this | ab. toggle the proper LED to provi

Lab 6: UART Serial ECaoammani Capstomne Proj e

The goal of this lab is tdoahistdabuaetshascancamptst oaft t
Uni ver sal Asynchronous Rece¢irvoéd eTr aviog rhisthtoepr. (TWART)i ndredyr a
how it is implemented on theée cARMNpr coenpedrencAedARNT iappdy
bl ock of <circuitry that trandgmistigndegtra bb etmwe elnt tchoev esresr iva
parall el forms. They are uswalsley] m@maidr eedd disp swinteh ecvoenmmunmoi rce
tion stan@8rds llti kseuRSIl Yy takgoearbythens. ofl tdaahasroa dgliavpepsl i & a g
transmits them in a sequenwhat damshbhenacddARPI imohdeud evei tahr e
embedded i nto many mi crocontroll er syst ems, including
TI'VA microcontrollers. The e i f I b S o
have the participants f \Nbl?rrdlgtsh (P EJMF?TI(T%hatt Icrtz;n
done by using Google), butArSltSherS SomlGnI’detrstand how t o d
sign a project utilizing UART on the Tiva board. Partic
pants | earn how to enable thge MYARTcEPFtc@mMdmhpwf éOmCOoOAas
figure associated pins. hel ps provide key information
i mprovement s, and determine i/f
Lab 7: Temper atur e d&eancsoOvres. An evaluation pla

project t hactr elnsddna ewall weati on

The goal of this lab is téetgrmbd@cdé h€héerémpeO®raweréd hs @
and then the wutilization offi 0thhead QUART tti® Sdihsapv|ea ymeranseu rredlo
temperature on the computefPotatOoRE| ValsdLds oif ¢ Uh@ucibg fod ¢
with Microchip Technol ogy ajopastivigesarenow fgcusingprangagugng the@sppjiedt a |

temperature sensor that4@ANVRENELSd D¥mpérE&EKIMPs SHadRad s 1N
C and +125AC to a digital awodr dsurwietyd nfyo .edAic ad ©d $r adhy. Ppie
does al so -phaowe aammalslee regitdgtoddertowopksbppe. The MnAReali:
more fl exibil isteynsfiamrg tag@mp eéRcatiigo@ts . f ocaurs.es on the number
ticipants learn how -dor eomiPEgalvet | & yefaat tiegTthmipcialvo prog
bus with efficient data tRHmMBEEr oft o0 rmyleugast eise cf Emigo,aelaop r 1
whole process is controlledayg mewW®IrKimngokpowtdedagg &y ndh
nous data |ine (SDA) and a synchronous clock Iine (SCL)
which allows one to save spW¥&krek sWwhoip ea tdteesndgeneisn ggd aainly |ihmameqe
ware system. TIVA 12C offeir®9 mahyWaruknsham n&c taipVairtti efsr.o ni |
providdinrgechiii onal data wirraetdfOUIhbhtHEgH Nhok Wyt i on presei
design and interfaces to eRfepRAtalengedNdebabBoacat @y s¢
memory, networking devi ces,aSLSG‘l§sS,eda'WQ”r!OQJm@P'@DEF?@lSQpﬁﬂ§.Ur v
The woskshop surveys also poi
. hat i s, the intent to integr
Lab 8 : ACCeIerOmeteré‘ssesthat they teach, or i
. . t he do not teach. The a I o
The goal of this | ab is t8d'ﬁhfpﬂ c?ane & QQFBF glh £
celerometer. The ORBI T bo lﬂtdveis Q}Jfgaeﬁ wi  th LPh§

- y~ q 1 educ rs w

ADXL345, a s malbpvo wettdx in ajqé%ef"worksho : .
. L,opsS since gharpepoj et
erometer with -high mess""m*"?%mbt(gém@gfé)fs who attended a
ities [11]. The ADXL345 output data is formatted as 16-bit no q% and del red croc
206s complement and is accesr?é\lg teutlJrPsu-.QQDLﬁrbiErﬁéfnn@é‘yéé)féf
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cators reported that -haopuprrsoedfendt byyc@Bm0o00ODt gtadkehéges and

mi crocontroller instructiontwete aeplyerntde. tEihmol ogyr v
in microcontroller technoliomgs tersucitnipgaca eetdl eZ2es f otfihde tesn d &
t wpear coll eges anyle &r35i mdtfidtendtlisosastwefreeura di sti nct minor i
Regarding i mmediate value, a#68 taadl ttyhe( 9 acse mmuarsi tcyo ntpools-
|l ege instruciyeas amdgi 28e rfiahegnttsec hHioslpoagnyi ¢ st udents and t
professors) attended nteheouwamkebio8pyg. madenup a hiygher | peget
( 60 %) of the educators wertehacnurwerme hiyn tte\@aenmunpgt yni cobteg
trollers in their classes. cOmstses. ot her hand, for potent
ues, 39 out of 48 (81%) educators planned to incorporat
workshop material into theiTmbké¢ ax.seAppl eéd hVearl ué u Bu mvge yt IRe s
16 academic dFdamcadetmhe YF@®w@EI Spring Seme¥ear COlLbegesFour

Realized value is the nun Categor ] s h o
actually -geapltechntwal pr (Fovear glll 82p0r1|5n T?é;: fo¥

ber of gradweaetags tferccimi t wb College

ente_r t he te_chnician wor_kfoNroce. ':é]d C|a4trc1)1u§gt7aa 1?” gr ac
ate information are obtainpd i v ey sentlto alrtner

and workshop participants. STQJBB@tsl M) e Gl P 8 s| t he5 S Ur ve)
data for community coIIegeqn@tnrducTap,l]§nga.|o§3u7§gmari7§Qs t he

survey dateaarf occrolflegres and gty et+—s —e—S .\.ULc. A
fist uldewrto of instruction elgodad@enty b Uk s4liPed 13 Odeddi {90 g
one hour of instructi-byw!| as|d i Gendemputed]|]on a |cl ass
basis. Mal e 116 97 213
Table 1. Applied Value Survey| Re®dal es florl¥al |l Islemgst22 2014
and Spring Semester 2015 at Commgpp]ﬁiycplog,:leges
Caucasian 49 63 112
(%Ztmemguc:]ri Falll Sprin Total fclfl' - p e 50
i spanic
College 2014 2015 Year p
Asi an/ Pac|i fR26 s.12 38
No . of Edpceabt ofs 7 13 : -
Students | mpaeledlob 225 AT T HAcmer i gant 5 12
Instructi pna22 Houlls4 436 Nat-Amer i clan0 0 0
Student Hp ubr,s74{9 1, 532 7,281 Ot her Et hini t0tl) 3 13
Gender : ) )
Val o 100 99 199 I nterest in professional deve
those offered through the pro
Femal e 8 ’ 15 Registrations are adequate to
Ethnicilty: continues to draw educators f
Caucasian 71 87 158 dat e, over 100 community coll
Hispanic 13 8 21 mem_bers have been_tr_a|_ned t o r
: — their students wutilizing the
Asian/ Pacljifirc | s.6 13 workshops. Several thousand s
AfriAoreerr i dans 3 11 have been exposed to career in
. - engineering technology field.
Nat-Awmericlano 1 1 devel oped by the project teat
Ot her Ethfni @it} 1 10 through publication in relate
tions at conferences, and throc
A total of -R2aABur0s0O 0o fst mid e n tecdo nbtyr otlHeert eiamm me mber s . Studer
struction were delivered atgithe dd slcluesge dl eavte |t hdeu r wanrgk s theej
-15 academic year.-hdohe snombaeevselfoupstuale npr oducts and push
tion del i veyeeadr altevtehe waosurcowhlue i omatit ndehevel ectrical en
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i neaoteuaotheort epciecl®R015. aspx
Conclusions [4]Computer Weekly Website. Ch
. . rofit b
Digital systems sit at t he g/%(}vec ﬁ/e V\;eecqu\/olc_o_%/ ﬁwts
most enrapture younger gener afl
thors discuss -dtalye An%hﬁaad|m|gcr%dcgﬁq:rgfﬁms ;b@ i[gm mo.t i
troll er workshops for el ec ri]lgg‘in”g;enlgh@f??f’llffgcﬁ)rﬁogcnepepd,lﬂnggyA
ul ty, as p-ATE g¢gfamnmtn. N(SLFI’rICU|2Lbr69 ASEE" QRS ual em(ne
and workshop materials are al;gq heing made avaqaeiﬁ
faculty in other electrical a]Elﬁfhﬁ‘HUteBr. nzgdonferb tgolggic
ogy progr ams. Wor kshop currlcpurlounpa%e?nta%rmib%ﬁ &r(:%y ernefi)e
directly with al/l part|C|panttsr-ge&ltt %Nv.v%r
t he curriculum is al so avail ,‘
project website. Thi s profes "
bot hy ¢ avio ayaarf oallrect ri cal en7gi
gy faculty wi t h t he peda olg
knowl edge, digital teaching
that wil/l attract and effect
careers in reconfigurable el
continuously wupdate curric[ué]u-l-rqe
faculty professional develop pon
reconfigurable electronics igi mu e
thetadpte skdécodhfsi guwmr arbedd e el ec Iogf S :
Assessment results shbwedcad-h U s
demic year, mi crocontroll erx i
approxi mat el yh o2u3r,s0 0d0f smiucdreand o i n-
struct-tonr dOpé -hdhhesse weyesaeinm @/{QICL?DEVZV}ZTL);E(; Bldfp com/ do
progr ams-t linrdd styveocnr f;:oruagrams[1 A'ﬁ'a'f’ro%S[De'vri‘ces 201B¢tt 6N/ &
Erofgsmhonal hde\;1elopment wor V\P_\/\P.pasnasf.iorai.lcaomf’EIP&asIhP@_Std |gannp
ere throug the project re i €edg
adequate to fill wor kshops anmi‘)|>< §4§'r|§j§|fect contlnues t o
educators from across the untry.
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