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A suggested Strategy based on Engineering Design Process for

Developing some Engineering Habits of Mind in Kindergarteners

Dr.Randa Abdelaleem Ahmed Elmonayer

Abstract:

This study aimed to investigate the effectiveness of a suggested strategy
based on Engineering Design Process(EDP) for developing some
Engineering Habits of Mind (EHoM) in kindergarteners. The study's sample
consisted of (65) children enrolled in the second level of kindergarten (5-6)
years old, from Dawhat Al Zaman and Al Zuhur Elementary Schools in
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Ismailia city, assigned to a control group (n=32) or an experimental group
(n = 33). The study used a group of tools a followings: A questionnaire
about a list of EHoM, its standards and indicators for kindergarteners
(Prepared by the researcher), A questionnaire about a list of EDP steps and
its standards that appropriate for training kindergartners on EHoM
(Prepared by the researcher), A questionnaire about the framework of the
suggested strategy based on EDP for developing some EHoM in
kindergarteners (Prepared by the researcher), Kindergarten EHoM Rating
Scale (Prepared by the researcher). Two tools were used for Experimental
control: Raven's Colored Progressive Matrices (Standardized by Ali, 2016)
and Family Social Economic Level Inventory (Prepared by Elshakhs, 2006)
.The experimental treatment material is a program based on the suggested
strategy, included (30) activities for developing EHOM in
kindergarteners(Prepared by the researcher). The study's findings suggested
that there is significant statistical difference at (.01) level between the means
score of control and experimental groups children in the posttest of EHoM
Rating Scale in each domain (systems thinking, problem-finding,
visualizing, improving, creativity, optimism, adapting, collaboration,
communication, and attention to ethical considerations) and the sum of
them in favor of the experimental group children, there is significant
statistical difference at (.01) level between the means score of experimental
group children in the pretest and posttest of EHoM Rating Scale (in each
domain and the sum of them) in favor of the posttest, and there is no
significant statistical difference between the means score of experimental
group children in the posttest and follow up test of EHoM.

Keywords: Suggested Strategy, Engineering Design Process,
Engineering Habits of Mind, kindergarteners.
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"3)923liu" Aaelg uaid| @le LiuiCarol Dweck "sugs Joylss" cualdy
ade caalbi Les Jadall Glale dasps Buaad | S o3l Stanford  University
gt (it Cmedatdl it g% (growth mindset " ygdaily Lilay) ddaaty”
J2i (e Ot gl (i35 ¢ ADIlTTIES ugilyuidy Blaty Lasd Aol VIEWS (53)
(Dweck, Lglaa Lo capable Of ;pyals 1939 ¥ things Leai Jad try for
2006, p.11)

(ASEP) ouid) o o i G 35 il




;Nl\ N XY VR N K:g)i9 lall suxll

Leag  Arthur  Costa Liwgso ,35)T (o a1 (g 53| gy

a pattern sy » Habit of Mind gzt sale” o Bena Kalick s=_dl<s

oI! leads to ) 235 1 intellectual behaviors Zdaat clus pludf (s
(Costa & Kallick, 2008, p.16) "productive actions dsiis Jladi

Sl (i | A I | Ol glead ) (i Jdadt Slale O G Lo (aldnig
i B2 LaSy lailly uSad) (pe Onelaid

Al y A1) AL M5 (po JGall Olslat Jad il (po dajll gomd dox g7l 2ag
(0 B3une O Lomas A8Mal! DI Jdal) Slale dtelln nslg sl gl
Blwd! 10a 2.9 « content-specific habits of mind zgitl aime S¥ s
Mathematical Habits of csbi 3 Jaali Slale S Olomllains Oygls
Scientific Habits of Mind acelat Jaat1 Sisley(Cuoco, 2008) Mind
.(Calik & Coll, 2012)

2 Engineering Education w.igh melaid! Jads aloia ¥l aal35 aag
S 9t sl ) OW Ll a i ENQINEEring duwaigtf sl g duc! yud | ealid
Aagill Ak )0 i g JLab ¥ (ol yg dsyll| S Lo Al j0 (4o ol
Engineering (aY:+4)ale dwaigh! Jaall Slale pllaias gl ((PreK-12)
attitudes olal>a¥1y values euall ) neded (Habits of Mind (EHoM)
associated with awawigbLaks,x thinking sKills st ofylgag
(NAE & NRC, 2009, p.5) engineering

Jadl Olale duomid (bl (pygtaie do g Alall Ggiwdl log
O Onedaliiold Aga ol ¢ iwntigl | @cla’d ) ol ptg alie 2. (EHOM  dciniigh!
(IS Laag ¢ (K-12) g0l cdlidf caall i g JLalo W ol Ao ya

S| il iG] (g0 G| il | e Gl i el it a5 6k
National Academy of Engineering and National Research Council- e s &/
USA

;2 EHOM dcwiis Jae Slale Wiw susm g o(aY 1 14) ale jolaidl 1aa ,gls

ShLae¥! (3 olia¥ig Jolgily Oglaidly Jolaidly JLsCu¥ g elait) ;. Sas

(NAE & NRC, 2009, labatl solicawg (V)Jgis gy - BN Y
pp.5-6)

Ssianied§) ety 2 (it G| ok | g g G 9l el sl | o dSE jolaieg o
Royal Academy of Engineering and The Centre for Real-World Learning dwsdadb
at The University of Winchester -UKaawd!

Thinking " judigess nSaid” jlad cosd (pY+1€) ale jalaill s ,gb
el ;845 : o EHOM dcwis J3e Oisle Wiw susg dike an engineer
OMS ot L_st.S:uTa'l J=>19 (eI N g L.S)..ua.g‘)}-m:d‘j OMSAL) Al g
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(Y)Jgumm ity Lo claladt 02a (e Bale S Cang @0 g S8
Jaatt" dde Glbi Lo e sl @3 e «(RAE & CRL, 2014,p.24)
Leal¥) g 1d dads (git1g «Core engineering mind "(gygot! (w-igt!
Making things that work and "Jadi JSCin S aas s Lea¥i Jasg Jand S
Lo (rig dwntigl ) Jaatt Oilale (s das 31 2 cmaking things work better
Less ¢ Learning Habits of Mind (LHOM) Z_cataidi Jaat) Sisle dde Gl

. (RAE & CRL, 2014,p.29) () S zralis

At o) ArasalSad| yalaie 5 gud 2 Leiogg EHOM acuiigh Jaatt citate : (1) Jou
1Sy St Sl ety NRC ot agatt 550,80 ao oglaits NAE  duigls

W)

EHOM dswaigh Jaal) ciale

Ldad) cllay 4 recognize 48 yee; MUY equips 2
Aol Jlad & essential interconnections
iy oY appreciate aan g technological world
unexpected Asdgia & il L o8 B systems
behavior &slu ¢ predicted L il o<ay Yeffects
. individual subsystems 43 i) 4e &) dakisy)

alaill jacds -y
Systems thinking

engineering wsigd) amail) ies & Inherent Juabic
design process

Jsa =Y
Creativity

Aay) oSar dusy world view allelt 3 k3 reflects (ussy
as Js & opportunities ga iy possibilities wulay)
J8 ¢ understanding Legd (wSay LS cevery challenge
can be (wai o oS4 every technologyla g sisi

.improved

Jolday —v
Optimism

view of engineering dwaigll ,ai dgas Reflect Lusay
leveraging ¢w 32Wiud) g « team sport dsles 4l ) Lls
<y knowledge 4é jaas perspectives ki cilgay o
dgalsad team members @AY slaci capabilities
. address design challengesasawaill cibass

Qsladl -
Collaboration

« effective collaboration Judl ;glailt essential Ly pua
needs cilalia¥ly wants <l b understanding agdls
explaining ¢ &y «customer'dsall’ particularialid)
final design Al el Jall justifying s

.solution

el gil) — 0
Communication

impacts <8l ) Drawing attention sLa) cdl
Y people il e engineeringawaigl
Aaiaal consequences <l gl &3 L Ly cenvironment
unintended 3 gualiall gr possible
duuliid) e advantages W el technology La of sisitt
sl disadvantages wssd ¢ disproportionate
Cpima individuals 8 ¢ groups «udl potential
. issues Lladl e b € g ccertain

@) EeY) ) ol —1
agyal

Attention to ethical

considerations
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Aunliglt LS Acanaleall yalaie o gus 2 Lgangg EHOM diwnight Jaatt e :(Y) Jgus
Buonil) ASLolly yuding daelons CRL jadlgll elaitl j6o,e ase olaits RAE

ha gl

EHOM dswaigh Jaal) ciale

whole i) parts ¢) a¥ls systems dabady) 4%,
= =il « how they connect Ll ALY
recognizing e <l ¢ pattern-sniffing i)
O il 5 cinterdependencies Aalgal calaicy)
synthesmng cliay)

Systems akail) i —)
thinking

wa—ady Clarifying needs clalia) g—da
‘_gms, « existing solutions adal) Jstad) checklng
@il g ¢ investigating contexts <o 4
verlfylng

Problem Q<)) alay) —¥
finding

wisaldl A abstract a )l Move from ¢ Jaiy)
manipulating 3 g—al ud.uss dalleal g ccOncrete
mental rehearsal i—iali_dg» Jae g cmaterials
dpaa—all) Jotally physmal space gl slaill
. practical design solutionsdslel)

Visualizing g sadl jgpaill —-¥

eyl Jsal relentlessly 3352 3 trying 4lglas
e il :PLA o« make things betterJ—d
ubisl aw « designing asewatl) cexperimenting
oe——al ¢ guessingos——adl ¢ sketching
thought- <8l o 124 «conjecturing
prototyplng ad C.\Lu!\ dae) g cexperimenting

Improving Cpseadll —¢

¢ W e techniques aldds Applying (s
|deas,14w\ generating .\_d,.u «other traditions
«critiquing &l «cu 22— solutions Jsiadl s
iela Aaly S seeing engineering dwaigd 434
.team sport

S ¢ iy Jad) -
Creative problem
solving

J—lil) canalysing J—iaill g <Testing JL—tidY) ey
=il g ¢ re-thinking —sdil ss<) g creflecting
.(mentally\iads physically L) Changing

Adapting <<l -1

Cdgy Jlabi gt EHOM dcuocgt! Jaad) Olale dceto ploia ¥ cifiung
ool (1 Sa Oy pdl (g0 Sete (). Aty | deniiie 2. adolid @3 Lo (1) ALY L

il Losd Lgoai

> 50 (40 (peutigd | @dalld dolaldf foalialt” MW?L@MY'J—A&J «
general principles for K—12 "¢l calid) caall iy JLabe¥1 (ol
e Principle 3 Lgie el indl o' & engineering education
aall g JLAb YT by Al 10 (10 ruuntigh @elal Hras O a3
K-12 engineering education acw.igh Jaat Olale ggalid) G
(NAE & NRC, 2009, p.5) should promote engineering habits of

.mind

0211 Citizens ualgt essential skills dewlui Oiylge Olslat! S5 Jidd 44
.(Van Meeteren & Zanm, 2010, p. 2 ) 21st Century, s sialtfs ALt
S JLaby percelve,_tm Aaes EHOM dcwaigh Jaati Sisle susd
VIEW agingy 1= i 4t Lao el respond eibloviwty o lSal)
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ability to shape their own learning ols! agelas JiSis e (@3 )it
(Pawlina next problem 4l AlSialj ae handle eglelas 2iass,y
and Stanford, 2011, p.32)

Important pre-Cursors degs adcue Ol pdijo dddall Olalall Soli i 44
ced sdMg engineering ways of thinking ,Said 2 dcwaigh! §,lalt
.(Adams et al. 2013, p.48 )JLab¥1 Motivation daals fre v} Ledi

carnno habits of Ming

ooty (@)
(JO(\OS (Y '9/7_‘/?7 )
)
)
.\(\e %
q}‘g Systems
Improving Y

thinking

na\neer,
2% 9,%
“  Making =
‘things' that
work and making
‘things'work
better

Visualising Adapting

Creative
problem
solving

Problem-

2 LHOM acatastf Jaati Siisle cpag EHOM dcuiigt Jaat) Siisle s a8Matt (1) IS
CRL adig) @lail| 30,0 pe (olaitls RAE duiiglt .50 Al jotiia s g
Bl A Latls fluwdineg Aaslow
danyi I gl pgie 2 EHOM Zcuight Jaat) Olale deesd aiiiudy
(Lucas & L= four pedagogic principles dcwluiaadasgslie
Hanson, 2016, pp.8-10; Royal :Academy of Engineering , 2017,
.pp.23-26)
:Principle 1: Developing understanding of the habit 3kl Qe desuie :Jod Taud! o
(M (e E2X) Gudsn (WSadg
itS Lt a3sSU elp¥1 31 break the habit down sslaettasso 4«
USE It Lgaaiun Lactie « NAME it Lgieawsd > i cCOMpONeNt parts
. in others (s ,5¥12 notice itlgiglas S oi JLala¥|
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el developed jigtas @iy o eXplain the habit sslatl 7 & 44
. S Gl Satisag practical Jleatt gt e Understanding
) theoretical

their dwlsd| duasidl @gayled Jo> Jlab ¥l ae Ogelat! talKing cuss «
provide aLieieaaad i« Oialall alusciwls OWN personal experiences
Lg—o a3 Well-known  figures 4 ag,ae Olewass (e €Xamples
exhibited it

Byl e pgidebad Self-report 51t ,,aitt e JLabe¥i awid «
gae 223l 3 their own skill levels sl gilyles Oligiue Ao
. how they might (455 o (Sen 2= discussing with themJ g

Principle 2:Creating the climate for :3dluidl sdyi gud &luid! Guiguia : (gulud| jaud!
the habit to flourish
reinforces j;as9 €NCOUrages aoduv Flie GLa essential (gyg,iatt (ya

0295 (ySag (Within the learner elait Js 132 flourish ya.35 S3 salat

UM (e FLAY 1

Leilalsag  noticed  Lgidas Mo @i 3alatt O (- ENSUNING sl «
.rewarded

. repetition 1,2 opportunities o, providing .45 44

first (391 aglmts 2 lack Of SUCCESS zl>idf auc NOL SEEING Ash) puic 44
opportunity t0  elailt s ass (S .as failure Jiatiss attempt
. having another go wus (e zujl:-..tt" IMs (e learn

the ot self monitoring aciagl a.@i,1 2 JLalk¥I SUppPOrting ecs «
.using the habit 3sLatt oxsg! gl extent to which

plo paiass Positive reinforcement sloudijojaitl pleia¥l «

glisw e chabit - formation salaly gaSE5 Simportant  element

Wlthm.!a.,.v_n satisfaction zLGy¥1y  Glalsti ad a0 1) galatl
-successful execution of the taskaegelt L) latly

‘,;‘_1 31 verbal | statements adaalh) Cilow ol Makmg Jas «
¢ individual s ,att (ya zm_, skill exhibited a.g ,at! 3,Lgt! e praising
SEIVES (o pé pusd reward sLalsels effective method iLaa Ay
et effort necessary ayMtt agadt e Lt :Laag WO PUrpPOSES
o9 further opportunity (g,314w,a ,a454 . habit change sstalf
. desired ogllalictaltt entails ade gstain Lo make explicit
behavior

parents JLals¥1 yssicLdgi ame  teachers (goelatl WOrk Josas oi «
#FLAI creating Gt codluii ol SUPPOIt (sgacus @gdi (e A it

. right climate w8
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R U9 Bl s o il il 530 | el | @

Principle 3:Choosing teaching methods that facilitate the practice and transfer of the habit
Tl dine @dald/ umtyb i (e ST @l Bl a2

et 3, 0" dde G-l Le alusiwlg Discipline-  specific  teaching

Celatili Prepare was itlg Signature pedagogies "aewad) Ofs wlaillg

. practitioners of the future (i sles DECOMING 19 a3 l€aMNETS

. professional identity icgt 2gett formation Jus.as support el B9

dayylo mgadt  ENGINEETS (ygwoigh!" 0l JSLAY ol iaY as dlets Lo

e influence,s3s o cesa 5319 Specific way of thinking psaslt s

value aesd (1eSig . Ngineering "pedagogy u-iglf plailly palaill &l

Of (e et enable (nsad e Lgiyad 2 dana d) O elailly eudad| G b

&} Lo YL professional La e Lige 10 be (550 0y 10 become pwas

Onelaills Lot thought processes santt Oldee Joas (pomiad Lghi

L EDP"_‘HA-\-A-GS‘ ) Ao cadb gl O Ogi L) (G mg . visible 2 Al ye

signature pedagogy aw.tigh 2 dawad) Ol mlaitly melaidl @yl ool e

.for engineering

:Daladly oo yllg bkl | o il sl : 3l Tk @

Principle 4: Building learner engagement and commitment to the habit

four ailas aayi  leamning et 080 Of 33 cdlallg

1085 Of »09 «Characteristics

Aad Ol actions Jleei 2 Jalall elaidl Jado : Purposeful Lasla 44
el 1 fOSters;jaag « intellectual 2,53 i practical alec value
JLab¥i behave ca,wis cos c agency s ylawtly Value aeatls sense
.professionals cnd jims (ncgoss

Ao (63 9Sag JLab ¥ ) elaidt reaches Juas : Placed olsil Uadys 44
s DbaZie dinhabit ad (g-duay g0t SpaCe sLaatly relevance to
(J—alall  community a<ixe/  family atile connecting  with
. interests outside schoOl dwyall 7yl egilalelialg

Slylas ¥ beyond £1y9 Le (] @lad! extends i : Pervasive |ydiie
sondag familys,u¥1 supported Dy dlauiss geang€Xaminations
@l I (e eXtended saoaad (1Sang (PEEIS OI,8% 19 Carers ke
mdependent informal learning Jasiadl e 3t pud

91 Passions Jatkall yelie elaitt appeal to clolin : Principled L
. moral PUrPOSE AMS Y| dus y&
OF oSa (EDPuntigh! meadl ddae O le el jud) sl matng

Lo 929 gt Jlabei st EHOM Zcwaiiglt Jaat) Oilale aiS 2 )93 cals

(AL 5t 2 uaaIly Al LS @i
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JUiladl yaly gt il () (et el il | s ©
Joiss “engineering  design " —wetigh muea il plla was gl
technological "= 39S @eaiaitl” g9  Older term ans¥i
ENgINeering aw gl Ly ya3 ae CONSistent with L aleis Les 139 «design
L o7 g g (St | J=t  SyStematiC  practice g 4wjlecss
(National Research Council aw)Le &1 result asciss technology
Ldee wtigh meeaid) Of e OgisLd Gatg . (NRC), 2012, p.2)
Engineering w-g!! @laZl1COre COMPONENt Lyygmae LygSe Jids [Process
.(English, 2016, p.1) Education

Engineering  (EDP) g mramaid) ddas Glany yad Cadal Ady
P e (glalll Al A it ol dcanalsa W) Lgd patia (Design Process
(NAE & NRC, 2009, p.4) i yo¥ 1 sucil | SLi¥ gth Grgom b L agall

OMS_EL)  doascd  engineering  approach  —weigtt Ja ot Lgsls
highly aslalt a,,s5 (1) : 249 SOlving Letsg identifying problems
ddall Lgt (a0 uB AUSLE Of 2= ¢ open-ended awslgd ax giae (Y) dterative
meaningful e 93 Gl (¥)  many possible solutions aisiall Jglf cyo

mathematical a3y scientific  acalalt el all @lait CONtext
systems ettt ey stimulus jals (¢) technological 2 o3 sisitiy

. "analysis Jd=:t19 modeling ds ied iy thinking

:Lgals (Mangold &Robinson, 2013, p.4) gwizgyg 39> Obe Lgdyasg
typically a1 ,s5 (1555 Le 3sLe «decision-making process i3 aivws alos”
polalt basic concepts icwlu¥! malatl G-cdad @in coo dterative
Jelti develop gttt iengineering awoighly math Slessbs 4314 SCience
. "Established objective sas=o s 3 a2t 0ptimal solutions L
(South Carolina State Department Lid g)les gl ¥ 53 @dall| 3yl3g Loi
involves e Joias adec" :Lgdls Lgd yaia of Education , 2014, p. 7)
AU e St Aot | citerative Steps 3y,Sitl Cilglastt (e SEries dlalu
development gtai leads to.) 235 Le Ll gSOlve a problem Lo
¥ e @laidi Bylyg Lgdady . "IMProved icwss i NEW duonis Lox 939385
Adec":Lg3ls (The State Education Department, 2015, p.7) <3ygm90

ity Modeling s ieidt (pomaid  iterative  Process a,ss
29—y best  solution g Jai  finding slsw) optimization
T 91935 Jols develop juslait Aloall sia ausiuuis (Auas CONStraints
Ol LgByasg . "Auas 2948 (e OMSE Y technological solutions
iterative u,1,S3 Oldee e Joidd ddes" :Lg3ls (English, 2016, pp.1-2)
I3 ;—a defining  problems cts_ad ) asasd (i) :pe—uats (processes
At guatl Jotsdt CONStraints ag—dy cCriteria jolae  Specifying doaso
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Sl Jolatl b ae  generatinga_dgs (o) «acceptable  solutions
Lewo i determinesa>  evaluating Lgessaig possible solutions
oIt s () Sl 3989 pslae  MeBtA LS Dest Jad¥i

refining meaictty testing ,Las¥1 J5s e Optimizing the solution
AW J3Y) Slewdt OVerriding jolso =332 Ly Systematically gt
." more important aceai <3 less significant features

Wil (poiia™5 (renntiegh| et doddae O (Ao Adalad | Olay il 32559
OIS e l) dcaraatd) Jglodt Juadi slou 3y, Sl Oldeall /Sighasdl (e
J‘MM‘MMLEDPHM‘M‘MMy“ At 9
el 2 creative urge 4 ISC0) Ay (ouT 9o JLaba¥ o Lalage ddwld
channel a>g32 Ayl dolan dage Sy Lz build s Lwg design
OT &y e JLab¥ ! suclue IS (ye Natural tendency acdat S8 12
Jo=d MEANS Alcwg (3953 Of (Scen  CrEAtiVe  energy as,lsiud asiiatf
idee I (v aChieve goals calaa¥l Gasag solve problems cosiady
(National wig! et @uls Led) sl Systematic Process dagie
.Academy of Sciences, 2013, p.182)

Alaia¥! 59 s e JLab¥i (ol malv o8 Auist| Slal=a¥| assjiy
By La ol (EDP uigh mieaidl ddac (Lo Aodlal! Ol punti gi dlada¥ly
Of (e (19 cengineering design experiences gl mread! Ol psm
geeed Jalall @ laty @i lad BIusi (e sptal) Godod 8 s )93 cals
SLITEN (Jlabe¥ oeby
Al j0 (9o (meanticgl | @adail) doalat) foaledt” M.uu.m Lg.tpLo.«AY!d_«.u «“
general principles for K—12 "¢ g3l calid) caall iy JLaba¥1 (ol
2457 e Principle 1 Lgie Jo¥1 id! el o engineering education
aall g JLAb Y ol Al 1o (40 untigh @lal| (&g O v
K-12 engineering education ,w.ig! prewai! lo giladl Lty
.(NAE & NRC, 2009, p.4) should emphasize engineering design
Crmg c€ngineering education g eadaid! (na JoolSS Sl | 2. el 44
Aloal iae 93 Bhiw yags Loy gl ggis (Sgima ¥ Lo (1o yiiall
Sl esm9d — Oyl 9wy (gt dowlyd LD D me g edat)
Of Cemingi 519 ((Benenson, Stewart-Dawkins, & White, 2012)
Al s ool ol ) 2 Sitebas B ki) | el Ol ylgs Aladii]
literacy aaltly math Glecols 31y SCIENCE aglall: O Lmag (oewntigh!
gyl gies @IS (gially
engage in  aso)lilly mg! e fOUNdALION Lulii JLALII 245 44
Obisitl S0IVe Yot (Jind Y an aspire 10 zyalall / atllailly
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{Major aewd, 31 environmental accdiy societal awqixti challenges
(National decades ahead 2 ealatl sgaatt M5 face Lgiggslgw
.Research Council, 2013, p.103)

J> g ideas Lsai tlw ;i appreciate fgyaas o e Jlabo¥i aelus
complex problems zazat oM il J3 multiple 345 approaches
&} 4L YL« more than one solution possible (ySas J> (10 yi&si 2o
O iatfg t0OIS i1 ga¥1 (e NUMETOUS sitalf Al —wl A olSaf
Dgé po Slgipie  produce FLioY walise JSian representations
. (Lachapelle & Cunningham 2014, p.63 ) desired end product

introduce @aazd ideal time adtie 5 5 Jlab¥i (olyy il yo wal 44
a3 engineering challenge dcwaight Obiascdt explore calastiuly
COgNItive A ,atl Oyl gtl ca L3 i tlg Age-appropriate  Luyec
nelaiall language assallly MOLON duss ,tfy  SOCIAl doelain Mg
.(EiE, 2017b) young learners Lawat

e J2batl @clai 2wl @) O jids 598 Jrdd cllatng
@t (mentiegd | ot | Alaat Ao yaT) Slloal! /Ol glasd ) dodsd dung )
Ceaial St e g gl Aaddi IMS e Lgt Jatal) duyles e juss 5l
dloat polao pdgs vl Adlal) Olewwillg Slodaill (pe (s citall
slall ol § i (pag (Jlabo ¥ ol mgin 2 utigh) pucuatd)
:The Next Generation Science Standards (NGSS)gakid| Juadd 0 odiad| it o

gl | paad| Jlows (Ao NGSS aslalt bt aglall pulae clelid)

Oldeal!/Oiglasat! S5O polas aing ad @5 (gid1g (ENQineering Design

(F)J g poais Lass (Lgil iy EDP autigh ol dclaal de yat
.(National Academy of Sciences, 2013, p.183)

Caall Sisg Jlabe¥ 4ol e EDPwmd!M‘MGub.dja_,)ﬁhn () J g
NGSSpalatf Juodt pglat! postae 2 (K-2) ¥ Ll

St JUTRY

create astay of ChanQe o,uad (ulidl dyyy Gl adgl) go Jolaty =
adal! Lgh (395 U8 OMSALI olid Je Auniigl] JM (po Joud WS diasa
acceptable solutions atg.at( Jalsti ;e Many

mMaking iltasMi g a9 «  ASKINg questions atiudt) pylas -~
suga gathering informationcilegtas sy observatlons
thinking about problems essati 2. usaw 2 helpful

clearly pusig gs2u understand the problem wses) ages —

B tigh| SRS gttty i pal |
Defining and Delimiting
Engineering Problems

OOMett! IME e OESIgNS etz CONVeY  Juoss
Cilagesytt o1 SKELChES auadasiti pouydl Jie (representations
2 Giae (1553 Al physical models Zaslty zakeatt o drawings
problem’s coisaty g~ ideas jial communicating Jusgs
(a3 alaadts solutions

et Jalond | gtail |
Developing Possible
Solutions

.iabiat) test ,isuy COMPpAre gyla,

aissalt| S tasil]
Optimizing the Design
Solution
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S zigad Bliw 2 e yall Glileal! /Olglast) S li cisd @l Lok
O JLabo3 EDP i@l meomaitl dclec 730 (Y) IS4G mdogag cdcloal!
solas g2 (K-2) LSlco¥ HUD cawm!l Sheg Jlab¥l ol dls e
National Academy of Sciences, 2013, NGSS aslall Jocmlt pgtatt
p.105)

Define 2aa
<l sall [dentify s
want x5 S situations

W yuxs people Gl

Optimiz ¢
Compare Jall 8
test L il 4 ¢ solutions

e JS o985 cthem
evaluate each

Develop dsiall sk
Convey J.asolutions

possible Sl Jslall
el A o solutions

4, naill representations

g JLate ¥ (olsy A o (o JLato3L EDP uuntigh| mrasait! dbes gaged :(Y) S
NGSS palat! fuoult polatl yulas sgus 2 (K-2) At S3la3) Caall
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