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ReaWorld Exanpidecioteclmiteghation
What’s Golmenec t?i on

Introduction

It ht/S., engiacerefdaegphwaymhat pritdeechnecal aspects of prob
whi heglecting or deemplasilzicogsaSiecrha tpiramsi 1l eging of the te
cahead to an inaccurntatee sperntotaeyxdhhical complexities of engi
solvimgthe worlkEngcaegfraangl ty frequeal d yenpdreadv,i de
decontextualized te¢hbnsodlvieph obdeds t he snoecsisaalgec otnhsaitder at i o
are either irrelevant or of siBmiidr craestcsaprgide shtaesd tmmpodrt anc
sociotechmpgcationtcould benefit engineering students by al
sociotechnibal dgwvehdp engineering2lhabits of mind [

Sociotechniegtation hreetfieg sadtfiootnhe social and technical di me
engineering PlrObdlensn [i nt e greagtiawlngi neeni fg |[wobluhooften
made vismbérgineeringuadiheatsmoaieot echni caie f hnasbktiei g
identifigdress, andtahcec oumntte rfpolray bet ween relevant social ar
the problem tof DEFhso,] veldén applied to enwicnodricthhgmmieddcati o
integrationpeidavgd gvieessi dwehniteihfdy pr ieboitthi 2 he social and techni
aspects of emgohmkems hke classroom to bettemgpmeprnregstuden
practidhe objective ofisuclh pabdgegpeovdents’ ability to t
sociotechmatcajlsyt in current classes, but apply to enginee:
other courses andinmwet hhéfwteddmdt e c hnlacrael pol ysemic, we def
them heorcei.alS here is a broad umbr elelcao ntoemine ,t heart v iernccnomepmatsasle, s
ethical, and heaxlomb iaded dgafo@fy osnseh cansios can also be
technical, which accentuates the salByertece hafi ctaHe twer mesfeai
this paper to portions of probl endsectomate xctaun lbiez erde duwaeld etro f
that are podwvebliae tocdoesed fashion using mathematical tool

Multiple approacihmepsl cememngtocforechnical intedmerioanwithin t
engineering educatiams omer middl Wimscri Bhisnrebesarpghppaper sc¢
expl ome potpatdagbgipeparloachte: useaddr1 d exaamplacsmeans of

sociotechnical iImtegreattiom this ged eafrtchr froecsusa reake rt e a m me
noti¢hd frequency with which students and frmecabridalike re
examplRles,i ¢ hpaper seeks to address the following question:

l)Wiat types and charawdreld se¢xamplods riemlen gipmpeeearri @ cour ¢
facilitate sociong?hnical thinki

2)Fromhe per s pescttuidgen todw cawomledhlexamples more effectivel
sociotechnical thinking?

Reawor lekampl epoaeatially short in duration, making them an
course intervention strategy to allow students to further
engineering pPhiodblpager aims to map t-werpdi examptksonnreal
engimnenegr education and how these examptestdohonrcdb nontegchi



Followintgrief discussion of the backgroharda dtoar itshtiisc swoafk, an
criteriaawbot d examples and sociotechnical integration. Bas
literatdoeusangwboubpsstudents from our work on sociotechnica
propasua delfiamre st he effect iwoa lus @ xafmprd @sdlatnnfaspbpkbiotechnical
thinkbaged on considerations such as class timesmnehuired a
guideldamescontribute to —band gaangetthea tgiarppg—boedt meeeent it chres
social and atsepcehcrtiscoablf ems swittulatedengineering education.

Background

Most engirmaariimgmibhi nUS.kensist of highly technical coursewc
decontextualized and sepakadededsoomghepk abdsd2ith

While the abi laintay ytt caatall ilsnckl véd-enledet echnical problems is a
skidlsole focus on-ssodcvhdepprroibeesm otfudmdes st a ndh gsgo coifa |

cont ematstteada engineeri,sgchuacse stshleuicorg a tdiiwietrys eofper spectives
taking into cohefdkeholdars whobyura taddhadlasdgogr der t o
bridge the gap between the s ocdearlgraandu atteec henn grianle ewiitrhg nc wrnr i
sociotechnical integratinomwawi tblei betnled iclimds mmal encourage s
thinking

Since sociotechnical thinking can be a highlwgwsefutiraot con
grounfln terms of engineering habits of mind, which relate
engineers value 7pnd Plhsse¢sse[opment of these habits of min
thinking could influence how engineers act and perform in
porthabits of mind as those that are “capable of devel opme
eff¢&]tThelhist six different habits of-thmimd&ihgy emgbhear £i ng
visualizing, improvinsg,olovrienagt,i vaendp raadtalpgemng, all of which v
and the technical. Other resear crh taecrcrasn taifa tseyss thearhsi ttsh ionfk inm g
innovation, adaptations andulitmprolveamedtest hisoxli oconsiderati
communication, collaboration, and@] fbuthtteehgi azleri mtge hradt i
mind are 1nishprldswahdtémbsly to deaweflespprommlicatinition skills
and to recognize the bemptens oich¢adr mlnalydtiencehnrsiicoanls when
solving prlobltehnast. sense, engineamidrog ilateicthsnioccfalmiathd nking
interdepeaidemltene gl e ctgennge roanlel y 1 nweodlveithehet her, and as on
strengthened, so is the other

Sowhicphr acsicet he engineering curriculum can effectively fu
technicalPRdpended practice and training i1ncsogicddtchnical

whi clhearning oppord unmotdisedsr uctive ah@ndwdtefedi pkdagogical

approach used by engineering fwenk&kpmpd os “talei amaerafalr ¢l
future 9lobasedglage students withwpsdédésn parthetheabse of suc
exampl gsusitsi fied by ar gumernt st hhetamh emgitnlee rfiang students grad
will be planwerd d ns atetailngs and conduct heterogenous work r:
models in construction, avisatailolny, aoiplr cabnlde ng aasbyoiueti cag resi der
schematic of, say, a refwogkdatomdotrolighobatt bsWwanhastuden
random, decontextsuspdabkleaddmcwirtchhigi ven par awoertledr se.x alnfipelsees r e a



can ibmpemeniexhys tlamtge bromdntions -sseomefsutlelr pSuwchects.
problem solving also prepares students for the realities o
practi@[pl [Hleterogenous work has shemn tdefeiomesd yas" social’ and
‘technitf3F'sociotecHBijjcahd {fordart hmetv &r rabtee & efpraom its social
political 1[d#8]JuSmcksproblem solving also helps address a ¢
engiemei agucation, calbkedifa¢cldmnndaksnomewhterryeitno draw firm but
ultimately artificial lines between theldngenegkramg technic
probl elnis] |

Due to the -hexzhypicatiure of engineering, intrinsic motivati
considering social aspects. Aogtfluddyxamplementni magbrasalk elec
course investigated the differsenca ancmot swamlidhe wEmpltasden
and one wiuddxwtmplsThle study found that -byr kednpd oymmilge ¥ eal
studémosivation becneshseeidd coursbeodmstmdye obviously relev
Given such potentawlcrdemderflid se xabmp liempl etheanhway that
effectively promotes sociotechnical integration and develo

It is nottalbdree tihatrelatively little enpphaicfifli cesyaof hr a mlv«
world examples in engineEnhagmotassfaombty eworelnd equate a
example with sociotechnbutalda ntoetgrsatbisotnantiate the tie bet
concrete detail sinFtohe ewixmmbpidtes provided above, there was 1
mention of whtohel ihvoewss ei,n what the cosand st hoef itriheaabpihteacrttysi ci t 3
to pay for i1t, which appliances are usdMrbyotWwhem ahdni nowh
the swoalld example used fails to bridge the gmuchbeltivkeeen the
the rest of the courseitilbat it is embedded

Criteand Characteristics

Based on a review of {woa lldi ttxmantpd res,” ‘hre@qplpr bechet o
enginecrdiucgttihat is assumed to be undeesxpdodibyyaldefiaelder
exampt hdNational Academy of/EfigsnegrRagl/sWorld Experiences
Engineering Edpcddfiher ably does not explicitly dwdrnlnd what
engineerxipeg i epeo gaamespitefotascba such .exlpne rtiheinscessect i on,
we highlight some of the definitions, criteriwhiahd charac
have inforsmtd dthecharacdierhss igapase

Some discussi-owg ldf exaapl es mi ght -wiomd Idy’ tnleacte s‘Sri¢@lt es conne
to people eixiplsioccmid r ect owayi.ndharecetxampl e, Huwf thiwr ictoeusr stehat

studefhReflect on how real electrical systems interact with
electrical systems affect social7oplécedni doemewtfali ndy vti dms l
human organizatiengagegbt shggtelsd ededmnd course described b
Subrahmani anawmtnhdorcso, whi ale adowluddprojects in local gover nme
indus[tfly The modules dMpusnivhadezthmal ., “showcase how enginee
socie[tiyp4].It is unclear 1if the societal impact on engineeri
modul esi.s Tguestion igf2fxpwhideld not e st etcthmto | smdigcene wed as



asoc,angineering work is ofstcemi,steymn iaeaovthatdalofgns with
social dddlism [

Anot her commgerenthat the engineering dekseiygn op rtohcee sdse fanyi thie
Subrahmani anawmtnhdo wbi cate that “real world” is related to t]
step of the de[d§dm mpmoddsshes t“ipdyanning and decision making’
the design process are emphasized in ¢woe llde acrompmug eabjectiv
simulation dd3trpbp@B8Rar objectives include budgetary and
teamwor k, anduSltavigel d nchemi cal[2dr qpce.BBa@sf’e ssional standard
are one el enmeaaoo fektahepl es dis[@@ssed in

Career preparation is another common ewoernled ta citni wiatpieerss. deRe
world examples tie material to f[RBumpp [JFhles facwritthas Cathpbd
senior student interns received engineering job offers bef
outcome of the solar charging [2els irBnd gpirnog etchte dgeaspc rbiebtewde einn
theoretical and practical knowledge, where presumably prac
the workplace, is -wheldnpeablem sehVingd2as described in

Dunsmore, Turns,2@axdanMehd-wnedld examples from the student p
They report diverse studemordaddcepsuess bt “medk hdcessaril
examplRhsey reporachahmicmai neer i nsgt W(ddbE)t s c ofecnegiivneeder s in the

workplace as leaders due to their “competence in the world
creati@Qpy” J3he “woal d” of manufacturing conflicts with ¢t
engineers’ “brilliamradd’r Ibdk ciasuslei mihteed by such fawotrdrds as m:
tolerances, costs, and time constraints thatthas k¢adyto d

students rseufcrhandeidf ficultibatbtyhsoaghnotlelaanbwoorrakt,i ocn, and
communication, engineers ewar lodeaspanet ¢ hef rfemdsibility, coi
handsn manufacf2umpi.n@3his student perspeche vEhat ]l thmenates
message students receworl dbmay bWdet hetalit oirf fecshnfrom a pi
centrmegge of engnamkedicngisi vely by eac hfnacctasl amstrumentalism
[I2] 13 Another study of student p¢d,spwrkitdlvesumma diesecs ithlead s
interpretations of t hwomileshsh) nwk'ernefadtd ed]l problems engage an
show the relevance of previouslgodteantne d2 )mawte m ndu ph ypriats]
students understand course content better, and 3) when suc
elective adwbet¢ts ca undhesmandre anddusdpy @ff obl e ms

The time scalehotvhewdihled’l elements are introduced may also
wor ledc a mprhieght be investigated over the coursevoofida single

projewtroblminght take place over weeks or -wwomltd sen glihree driibr g
project modul es [ @pasrcer iibretdenched to last for about two weeks,
integration into existing courses. The s[@dcovechnacé&hlinte
course. The “sequenced s £t7 “owa se xdpeesriigennecde ss”0 itnhat students
wit communities to better understand the complex social, tc
that miners confront and then propose and, in some cases,

[27 p,ad entails multiple semesters, though the same stude
across tthiemed ufllame. This substantial project is intended t:«



instrumenthé¢isdea that technical skills ,alwnk cmar gedress
from btheaddre ol ogy of-stoecadladi calld]l 1 SBn fally, the National Aca
Engineerlimfgissi ng Real World Experiences taparofvmegisneering Ec
experiences ranginglfisempsboectsinho programs which might s
an undergradupltfel degummary, real world elements in enginee:
vary in goal (e.g., connections ¢9oi gropkellchrensd gdueparan
term exampleste¢oml pngpects). However, they are rarely defi

For the purposes of this papeworwd dramplfocuwetddhonheehdl !l o
characteristics:

* Their duration mansrtanmgef efw omi nutes in one class to spa
peri ¢dypically jus®A oawdrolrd tewoammhd les in scope than a
proj-bated learning experience, which also relies on au

* They are conveyed b} rtulcd ocowmusd nign cl assthemeghtAlternat
be introduced outside of class (via aasrseingmoerd orreaatceidngs,
into the standard made sofimei-fivatyr extaimph e, -ctlharsosugh i n
discusoromsctive learning activities

* They are included in a course for a range of reasons,
motivation or prepare ftclhemefiesr their future

By contrast, sociotechnical integrahusar a sl iakdley st o otmemode fti
and explained inetdeddsdrhd®hénew course, taught within the
required ‘Introduction to Engineeri#g’chthn amd wewl, edpdv olfops
technology as a system amdfacgitrde(nwg strdctlyf2@ephnical)
1. This perspective aligns with the challenge tRedtdeechnical
and LudZhMogullombl,i mnd heieghyl cghtextuahszat keyy el ement of
sociotechnical integration, explaining that real probl ems
visible the social context 1in whi ch[28]hleh ee magutnheoerrsi nrge pporratb 1tek
students wanvweigews, ranging from ardent defenses of deconte
sayitmlgatuch problems are misleadmngpraewvd ousc ovimp ke oa. social j
engineering ,telecdisonnction -badwmdaln oelaasepdlobl e mso nwea s

key to effective social justice integration into an engine
social justice concepts t[h?].ovhgheuats telwdbedimesdoblrems general
have one correct-eadsdeonesphbave multiple possible response

Based on this assessment of the literature, we propose the
soctiochnical integration intoSoecgoteechnngaduintegkation
= Must illuminate the complex interplays bettween people
technscdéewmgineeringis not obkmntgedtt & ow teencghinmoel eorgiinegs
impat society, but also includes hopwr sllcamtde fi mpiatcit 6n ea
solutions
* Must be explicit. As we stated above, all engineering
sociotechnical. However, when this workctisopresecafedni
notleamdge for students.
" Musbe contextudtirzedimpossible to achieve sociotechnic
understandisngcodlt kwalt ext of the problem.



"= Generally repd#asdedmbd eml ]l owing students to experience
engineepriocg s s e s

Iis important to note that we are spwakldgeoxdmplmpd eimetsd ati
enginecruirmg endarecognize that someughtasisesf omamaabe ot her th
lect-bagsed couSeme examples of thiercbHhicdpdgs aatveve edearni ng
laboragcourys epr ejasad courses, -basddscaosssen. While classroo
implementation magye vafFlyor ltcheexampl msansoofotechnical

integratnohikely be adapted t oWemopmrto prosuaostehmffo nm@trd ng

coursseno matter theséoaatl,d cxmmples associated with the c

b

engineering habits of mind and further improve students S
Case Sitewsd of-WRedHd Examples With Engl Meddioatte chni cal Context

To illustrate bhewdefitteebhldicexamples which do and do not in
sociotechnical context, we looktldat owkEhpnt heecanndt teei for ca
characteagutsltimesd in the prdereus hee Omear aise -wofr Irde a |
examples without their sandootrmehaasalcWwdsleke vt echnical
integr.ation

To qualify as a potential cdepubltiudlyed tishe vawepnkednflet ence o
journal Tphaep epranpeeerde d t o pr oiwinde dseutfafiilcs about the examples e
within the context of the course so that conclusions could
Furthermoebkimweated cases where thwoihdlaxampnl ofweahearwatk
progr[d§sn favmer®ftablishedasndswedlintervdwtokens foW cases
where the examples were 1nt ebgrsaetde d eicnhtnoi caa 1d icsocuirpslei.neThi s 11
exampbetandoragineering et [RBcAs cmainrtsiesn e dr i h eamiva

Charactensiesttion, we are i-woetdserdmphesewhich are of a sho
than perbogseecd 1 ear nisnege i owtheeailanticg@dadnonometi mes be meaningful
achiefeéld[933QQ. Finally, we selected our two cas@s studies bas
exemplary us-wprbfl exgmphes with andeaptiwitheontiotechnical
integr.atWeoonwanted thovopllmlsunderstandable, relatable, and im
decided to not includefeasasemotrdekaempl es lacked2gpecifici:
or were focused on advanced examples 1ik[@.current faculty

Us @ fre awor ledampl es wit hout sociotechnical integration

As an exemplar ywoaskdodxaweplssleoted Nilsson’s work using E
Examples in Eng)nteréengagf students-lemeheMeshphomeref Mate
couraste Santa Clard3 UniNielrsssiotny set out to present course con
that students were familiar with 1n tahpepilri ceavteiroyndsa yt hlaitv etsh e y
mi ght have had very little personaPdexptopedcbywdtherShe u
researchers through a NatiohuddSdirasea Fohnplnddiddtd, ENGAGE

One of the most’tihmpa Niflslsolm used was to illustrate axial 1
composite members. When teaching this topic, faculty and t



concrete/steel composite column. Nilsson points late that m
very little personal experience with tkoloohasteadi oshand
used easrtbjulde cable headpthondsmamstamatie t he behavior of comp
Students could easily relate td besasedheéne“thecbibhefadbli
device like a smart phone, thus being axially loaded.

Nilsson rigorously assesstddimhdeirmpdatss fobhatlidxbmght o
measure understanding, poppquomres f{domgésimipewtention, and
an emff erm survey in order to mSheuconmptudent esmti¢se bet weer
semesters of the course whiehddfdveowhionhlddd. E

Nilsson’s work founkadhthetgee &£t ewsde nitmppaecrtf cornmasntc e on € x a ms
when used forwhcoshtegehsatds hi st doiumall lchal. Resglhg also show t]
longerm retention of learninginmpudvegd éonesawhetepstuadent
performance was traditionally satisfactory. Finally, she r
material increased slightly for mal et asttivoddspbtist F ol l owing th
significantly for female students. Shsi wodtesr e¢shti si msa atno pim
has been correlated wiffhcactydewhs thsehftanrantenteteates 1in
engineea ifhigeghidch fails to retain female students[34t the san

Use wdatorl d examples with sociotechnical integration

Duriagr search of the Wartlk reaft uvAredradeemadgddmbhsm study

on the usevoafldrexlampbkapl woichi ot echnical[3f§Felgr atthieoior 2018
paper, Andrade adweds clroinbbel ienf forts to incorporate social di me
course, Engineering [BdrTHays tfadawmsbislpeci fiecdlalsy amttilvida eisn
that emphasize a sociotechnical systems frameworikngnd stak
degrees, all three activities included group activities, r
fol lopv questions (through worksheets or online quizzes). E
different sociotechnfrel ¢6wmpsic: pwndiaatalnd farms; and electr
autonomous vehicldhe( EVf AVs and second were focused on sing
the third activity spanned two class sessions.

In tethdhanol amdtwvandies, students marom oemasci layndi cenmwtiir foineat n t
impacts than so8falAnynpsacadisal references wer235 “Blare and suj
(Andrade and Tombbeth Umi t heé Nadeifoinsiotfi wnt ai nabwhi¢ly i s

composed of three dimensions: social 37€lchomerhi ¢,heayn d oe mwitr o
explicitly define what counts as a “sousah amgefinithenan
diffeatmsgiit from economic and environmental cehudras, Thi
includirmghouh use “samcivadbtredsla term for dimensions of engi
solving seomoad c, environmental, ethifd)]Becaus threeaflrt h and s

findings from the first tAmdredasshbdd@®fwmi dedsto focus most

their analysis on the third activity on EV/ AVs, which was

struggled to identify sotwalctimpkhrtesi.ghn tthhies faicrtsitvity, thed
that students di dtdevyeldepper( sulnidgrstanding of what social

more aware odrdeconaci alThempathers debrdersthonling as,



“identifying and establishing indirect connections and con
effectonehaps of techmndlogrhnological artifacts and thinki
consequences of technology beyond podudtdelyi ppi.andoafficie
howevehatthtdée acdidedulketsviidende epfening students’ understar
sociotechnical compl ex(intoyt ijnusetn gtihnee etrhiinrgd and final one)

Andrade and Tombleom’wordfloldoewd both thematic and open codin
written responsesEVWoAY otwi mgt ¢ hdee pWwiyt h a specific emphasis
understanding the instmutmemmant alhdcmwntructs students use
sociotechnic{llgtheteauwshorsndefunehmitmiasnga “narrow view of h
humans impact technology and how techiNolegyhatnAntpadet hund
Tomblimésm “instrumental thinking” is synonymous with anot
instrumentwhliicshm,we deisncrtihbéerde ri a awmncd e@hsectcison. above
Instrument alastshuineksi tghat techifale@egynids redflimeeddars “first
sociotechnical thinking, in which social relationships wit
efficiency and productivity outcomefduadl yhaAmddadenand To
refeeent¢o seven common themes with regard to social, polit
surrounding electric and Exutmpd emo wsfhedksel a@ed/ ity of

Life, Infrastructa@dmres iDeesn ghitipaayttfound that moss wdre¢ hese ¢t
dominated by instrumental thinkisngt wamphasinedrentihglyegcad
activities, or lectures. Thus, studentssi npelrief idrda wnondge 1usp oonf
how the social world works and hotwethaoBghlpi WMPelnttheaygts wi
did move away from instrumental thinking, they tended to d
instrumental thinking that were provided by tdleasisnstructor
activities. They struggled to mavd obadeopd tthes pescpratioses
stakeholders who were very different from themselves.

Case SDidyussion

From comparingetaihesstudies, a few interesting observations
surprising that the sociotpelcahcenel cianl ac asswes tsatiundayb itloiotky course.
repeatedly state that the copos s itbhbact” ttehcihsn iccoaulr,s’e btuotp iict misg
itself toatumategration of sociotechnical congiedabatcikons t
control ssysutriss .

Andrade and Tombl inm nptoeirnets toluntg aand i mportant limitation of
acknowledge that shecnkiaghnsamdmpsl elxi kely influenced by mul
including thoseom¢emndttalught in dhigeriknewkodgse
constrafvs exwamphhéculations of the moduli of elasticity th
Mechanics of cMawrddd. alTshus,is difficult to say that one cour
understanding of sociotechnical issues, much less a single
and very likely thatoohdercomfdamencksfe experienees, and s
also impact sortud¢etchindwsalhere.

Finaltl yi,s idi fafdkiudwenp bexci ot echni cal—eisnpeecgiraaltliyont hat which
moves beyond economic and enviriommemdad o nedirideetts oasend



sociotechnicdlftihn nkilhigmi ted amoByt nefesadeyd examples
with effective sociotechni¢ol convegranfonmadtkentimeesent d
perspecandealtlhewstudents to pr oAnedsrsa daen da nddi sTeounsbsl.i m> s wor k
fouwrl aess which, depending on the ccwmsd dealeaduleem,mbminghtbybe
faculty members.

Focus GrMeuphods

For student pertshpdatriaxeserastics of effective sociotechnica
research question), we draw from focus group data obtained
class¢heatColorado Schaobudbf eMignasf.ocumgnd versity in the wes
US. The -sstermict acesd group questions appAbhk data hwadAppbhnadi xe
and analyzed via our-appsbvvetdt ponteskRBRB.

The met hodcdorgdfoup (FG) data analysis 14 eoHeveerdy amesderle afimlri
quali¢atngBi§ryA key advantage of this model is that any th
can be clearly traced back to specific student statements.

To paraphrase anot lodre sr gseapairechbeornesc in the data analysis pr
categories help to create {B9nbhweF 6dh tamneanitylssiksdd et oncodes,
reseaquds t-i ®©hevant categories, and broader themes. Those tl
overarching, s wmmatsi wa talbsertionsasabodap [3¢8Fa dddtlo 1

extend the anatomical metaphor, themes are statements that
skeleton fit together, and theories or assertions depict h
integrated whokededhegdh¢necheor yelmohovesr droatmcoakyete to
abstract and involves a highly iterative process of refini
reconsider relationships among cPdes, categories, and them

The first phase in thpemr apds scoidivnogl.ve@Qpen coding involved
any phrase or i1idea that heskpanceppnahod seorworsdluyd,enttheir own

undergraduate engi neoar iamg iecdpcaateidod i fe b.eFypand ntshtaatnceeducat i
transpasptiges could be coded topically as “engineering wor
“engineerinapdaother codes inspired by the data by each m
teamurther analysis could place such codasceintomer alestead cha
identified th€onasttegetyng the Engineer.” Analysis of the c
discussed how they construct the work of engineers led to

future l,Baandngventufilhgihgttheudentworddeproeblems as a bri
bet ween the engineering curriculum and engineering practic

To chpokengoutdcersesoefarbecihaasyl t i ple re(®amicthiemsm of t wo)

condedsteparate amal yeported their findings in individual a
which included themes and assertdgnsfomscadelfii hedbhdbygSalpan
findings were often substantiatelewi bphedrelscthesmituadent quot
negotthesndi videumodand -ewoi aeconsensud nmédthe.se memwey dt

consensus doegesetarmdt®ree on a single intwhpneappiovpaagblaste
theeyxplicitly include points in which we 1int eAlproeteidh or cat



some cases, researchers who have coded previous transcript
andl pce student statements dirr etchtelme.i ntno tahicsatsetgiadryy, t wo re
wrote separate anal ytf ethe spairrc ho fmethwfsoasc hg courr smbi ning

themes with substantiating quotes fraomheasch aHG.o Twa da d diet is
FG transcripts and consulted on the Thut,jngowf mbhmbeonsehns
research team consulted on each consensus memo for the two

Apri enitegories were established by previous literature, fc
social and technical b6]di bsewotfthknmowhgdge [Rlabanhd bé6wmi hdy
discuss sociotechnilchl[4(JengiTheecpngses and 19 participant p
appear in. Table

Tablle Spring 20grulpocovesngi neecoiurggse Students were invited to
their owndenmtni fying pseudonyms.

Course Focus/Participant Pseudonym Partici|
Group
#
InttrME 01 Bob, Brian, Cleopatra, Dak|6
InttreME 02 Colson, Grace, Kai, and Sel4
Electroefm 03 Cheddar, Pepperjack, Mozzal4
Electromam| 04 Ponyboy, Kranmp,hanlohn, and|S5
Total 19

As seen inSfabhg 2019 cRhGred dftfomr &E&Gsotswengineeringacourses,
sophombeovmlt roduatecthpnecgilneer i ng IenotumddEgand a jluenvieolr

cour s @ ngn ne erliercg r o mang nkelteicst mertm)g ypically taken by student:
majoring in electritSadertngparcsepa aitgi vtelse ecnfearlgleedn goens associ at
witworking toeawolrdal problethaciwVhitalhied diverse forms of soc
thinkDaga are repbadedt h@rcontext in whochdspchbkremlsol ving
was descgriwhded specialdestcrampttiiomst-wdr hdwexempl esowede empl
imourseWe indduadefrom both courses when applicable.

Anal yzéemgi neesrtiudgdascriptreabrdfd engineering problem solvir
generally have not yet -ohm de xepxetreinesnicvees hsaonldvsi ngi s@mérs pr ob1l e ms
issues. Students aHoewewerj, e dtriorm those conjectures, we learn
construct the actual real mwmd kaginters ngopmarcitaaxteed to th
professors and .onlhser deaxipreg,t swe gain additdtowmdddo sasnidghdto 1 nt «
not value in the engiaasdvhiyng curricul um,

Focus Group Findings

We orgamhze descrawr ito@ foifndi ngs theéhoedi ngotrhacts emer ge d
usihpe methods described inm the previous section

e ReaWor lkKlxampliens the Engineering Course

e ReaWor lkKlxampliens the Engineering Curriculum



e ReaWor lKlxamplassBridge Between Engineering Curriculum an
Practice

Reaborledcampl as tethgi ne e coiumrgs e

Inside the Ekontexto M ctrd mamgnesttimdedeins i fied what they con
to be-woedld problemhaol vhmgl feds¢ecedtechnicalln tshame&king
cases, students also commented on how some activities did

In InteMl, studvemespresented with design issues associated
bills from other countries, U.S. bills are all the same si
presents difficulty fiomdivvisdmdllsyy tiompdiisteidngui sh, for insta:
billln. FGO2, Grace noted that engineers who are not visually
consider such a design flaw, and atlhoaft satcackeenhtouladteerd efnogra gheenme 1
“Howdoes the normal person get £f.@edlbacan tsoeet hleo ve nigti necaer be
read that bill, ,Hwto]I 'Imhmote Gnloi Oi'diea0 FIGBh e islaaitchat t he

U.S. curerxeamepyl ¢ made her realize howviunfalilry tihmp aliesadgnand U
people, and “just by learning that one thing really opened
things in society that engineers havydOki3Rdd9giheglee & aise sqgn
we see that t hewarsled oefxampleealwi th specific sociotechnical ¢
devel op slpalitfds cof mind in the students, likendaluing stak:
considering multiple, diverse users.

Cleopatra in FGOIl & asiac isdtee dilmmtindadithegde r vi ew a  siegdthe nt

fodetails on thevalssaftyimanemiphasi zing eciwomdnlt profblreaenlsol vi ng
She spofae friend who is “a civil engineer [with] a really d
they have to look at the big picture to think of a differe
of ssuml vable, and it's just constant teamwork ardd thinking :

(00:17:33).

Il ectromamgneRG sparticipants 1 dewotrilfd epd osbelveermsa It hraeta If aci 11t
sociotechnical thinking. These electromagnetics problems w
effectively framed by tbaf Emgnd¢ i pwvhnghpwesedtn the
cour.se&for instance, 18akF@03 ha€Cheddar

The key focus is to addresGCEHathd]{vofduohbkl yebandtkdnd of
learn the subject matter associated with it but also u
sociletiampacts 1t has ;[ tshoe eivresnh etvheotuogthy pi c al Hye cshaniidec asloc i o
engineering, i1it's kind of just emerged itself in there
whet her we are awa@Bd:9P it or not.

The Grand Chal liemtgrodwead primarily ddefliacdrdgestt oifs i pport
engineering problems that cursonrtlldy ¢kest owptshegmodteinst sr e al
recalled mampeoiff tvheerlecchmplthat stemmed from tdhe churssadlnys o f
defined Grand .ChFaolrl eimgetsance, ¢ hegyt mewkikt nkipaddi ation from



cell
socil

phones, lab on a-wohip, pawdelteadlisezri mgad better understai
otechnical thinking, both at si.mpHianssttiacncaend more compl

FG0O3, MozzOteld8hs kind-rofunadewlelIcll ass and [the instructo
makes an effort to tieaiinig dihfafldreeupte sen gionegyo-wogktd a 1ot
applications. For example, we just talked about the so
on my spring break trip, we drove past a massive solar
because it was diketal'Hed,abdut those." I have a much |
of the actual use of these now. I'd say it seems reall
other classes and b) when I walk around, I see stuff t

FGO03, Cheddar.:I It3ki3n7/k when ¥ elcéhanri c"aslo®inggi neering, " 1 t
understanding that the things that we, as engineers cr
certain puwpadsseco have to take into [account] the aspect
othmeans, whether they're productilvat oeve¢ehgyldeei snadncw
make and everything we create has a consequence toward
people that we make it for and we have to take that in

FG04, Johnat hlhamb 38:#&5chip. And the idea to compose tec
processing someone's blood for .. blood tests on ..[the
instead of like months. And no mailing it and stuff. A
impacts ofa [dlmibpJon. There were questions brought up of
feedback on medical tests isn't the best thing, especi
medicine is very different, and maybe like in a househ
immediately 1is not great.

Furthermore, FG participants accent uatwod lhd w reaxtploesmsr ei it 0 m
Electr omagheltpsd them understand why stakeholders are part

thinking process. Stakeholder invol vement naonld gdye greecea noef ag
apparent after they asked particular questions, some of wh
FGO4, Ponyboy: 35:20 We always .. ask the three questio
like who does this benefit, 1i1&med whowhlowedoddn'st nloaveédea
or something like that. And ...it kind of struck me bec

Like how do we have the right to say who doesn't have
guess I really never thivedomatomthatwefdesign technolo
like without people's ... Like this specific group of
doing.

FGO4, d40han36Th® big thing that I hadn't considered be
considering those who aren't, like, directly impacted,
time to think about the people that have no sort of sa

Generally, ppumdenased the opportunityreemocrdndaeisdteanchyi palac
thinking throughount aske¢ gnownss, discussions, and exams, wh

wa §

missing from their other technical coursework.



FGO3, Mozzarella: 36qbtsW omave every test. It's 1like,
adversely affect, you know, whatever and so it's 1like

we even talked about this topic all semester long. Wha
given technology.

FGO3,02akarell a[Thd li 3tructor] has gi wesnt ydelretest]r omagnet i
opportunities to practice. Kind of, practice makes per
that should sit mee dolwnt alhdneedlton l ook for these 10 ¢t
gives you the opportunity to think about [it] yourself,

One student consiwWemrled prheblrems that facilitated sociotechi
quite valuable, and said evecyubtdubseintegrated in

FGO4, Adohmn7:51 I think it's at least important to have
[sociotechnical engineering] in every class. Maybe not
talking about how something can be applied, although I
just makinat saveryhstep there's at least some sort of
us consider different pieces of it. Because then that
things more, or realize that maybe youlwaptstompkesuet
morenteresting and it's important to always keep that

Many of the comments in the sectiomFdb puaea tfircamahltesc tacemang m
both -wenledkamplms t he olilagmtartclsassroom as well as how those c
apply t-eorkdlproblems in industry/engi Modrnibdg ,wamolsgtllagce co
juntloervel students 1 nmblaedet faama gnoatei connectiwond dbet ween re
problems in that coursalanliskcngtebhn thestelly st apleamsr d@ n
Intr MEt oThis ifsusuéhéds essedcamcltthsei on of the paper

Reaborledcampl as tethgi ne eeuirmmg cul um

In addition to obser viwgrltedempiwg t héipe of f redhtyothe ME

and Electremaguegéestudents also idwartlidipdsthloevnrg adccurred
in other courses in the degiameser itthg sccurortihceul wmurses were 1
research shady, fevwer details about impbeindne¢ernstmphesfbuheca:
still learn from bkt udemms refmar&guir¢ddents dovmses, om a fi
year, cornerstonea dfsmegr dhaurand.t iae sf iyresatr skybleisd gn and
humanities)anaouwr sseyeendrequired social sciencesmcourse. In
students also mentidawdd itowo coppesres .

Students ifar dw0t2he IntroemphMEihmbwdeshni cal -taencdhmiocnal bodies
of knowlcachga nt.erFsoercti nstance, Grace said that she now real
identifying stakeholdechnwecah hedi aohofaknowbddphédrea
experience gained in her cor femset hmad dos impkaed @audamgester,
and I think we interviewed the wrong people. We weren't re
stakeholderandeiam hindsight we probablegd stheoutlduthanwtes iatdr v



grocery stores, but instead we interviewed(®@ople23 hat had
Exposure to the impestakebobdedi foerms—ofakdewl gdgeourses
was a theme that ran through many student comments.

Generally, stodtadstyva®dwellet he bulk of the etginned¢hieryg cur
had experastheedle and removen, fomwoadl Handgineeri Ageprobl ems.
also identified what they saw as critical gsaptsha nf aciteitrhatn
while environmental issues are discussed in environment al
emphasized in design courses. From such statements, it bec
prefer to learanadmoutr omomemdjpdnsibility withinwdrled context
problems. However, so fhathetkbayriwedl aat pdovided little of

In terms of the role of sociotechnical engineering in the

Bob in hGGliailly said of sociofltt¢lnbeapoemgiliessritowgteach ar
"cause 1if you're gonna design something without considerin
effects would have; there's no poinitimn jhetdasigmporeahty
teaching the tedfiO0c 3B HdSpodiregzvent on t o roetshdaemdnntemt s

by saying, “I do agree it doesn't need to be taught in eve
it.” QObh¢dcismpandt £ hat while the sociotechnical engineering
difficult dion iantsetgamdard engi ngaeselianbgo rcautrerd cbuel luonw.

Focus gpaomtpi ci pEhestr omaghedused on three required core cou
uppedn vi sel ent rengaheering Elairrs esomments fowostd emamphts
that facilitated an understanding of how, in various ways,
prdlems interact.

For exampl &#GP8pper elxapcrkessed a general appreciation for the
ethical dimensions behind swmgmeneodr ithg, pitdlhaddisngf“ previous
previousokiddsasters that fyom aad ltdh@en in classes in the f
can kind of practice-taeprhlnyicmd tehieg {sd@cibal b g

Students clearly pl awwad dveaelxwmenpdme sr aalross the engineering c
this st aftreodiea® :

Ponybeg: 36 1. leiskpeedci ally like in classeM nbsdughesutt my
found it really interesting like -Whde themptefesdokega
studying something and it's like oh, this is what this
"Oh, okay!" And so it's cool toelnkd, yohtneyowal kikg go
you're like, you actually know like the science behind
just like that just does something. Like you're drivin
wires help me be able to scatlhhe niynigtreadn dhaa taecsr osf Amer i ca
like thau¢ty top level, but i1it's kind of cool to get th
have more information about this thing that you really
know?



From these dxmaihpltds coutrs@ppears that these swardledits though
examplasthe cutmaughlumhem a range of sociotechnical thinki
abowet hi,caslocial, and ewrsipomsndndltadtkye hol der engagement, incl
the importance of social and technical bodies of knowledge
inter§&Geanerally, theywowdlduedkamepadles as useful for understand
affect people, and hdwcmeclahni sytemseenable everyday beha
take for granted.

Re abo r ledc amp heas rbi d et weenngi ne eecuirng c walnudn gi ne epriancgt i c e

Because most have not won&g&redeasi eggdimeidkeadge of engineerin;
practilcaer gesly theoreticalhamdl sfabmt dsheondcurrent stage of
devel opment, students perceived a disconnect between their
should emphasize and whatactheingfahgrae allse ywiilnp liinevdo [tvhea. t
reamorld problems can serve as a bridge between the enginee
practlimteer es,ttisngdmyt s seemed to value technical knowledge 1in
enginecrdiucgmti on, ayesthotvheay strong valuation for sociotechni
engineering practice.

Students appreciated howhtilgdilri gdutrerdi dthleu molca bt eaclhni cal nat
worlehhgineering .pfobl emhégncdentifieyearhedasifgm stourse that
them insights that are generalizable across all design con
cruciafectdiwteemsteedesdisgnln fact, in FGO1l, Cleopatra, (with
agreeing) said design classes make them feel most like an
[ fi-ysar design] and [Intro ME], make me (R2deB7H)he “hes$s Kukhe
Bob added, due to the chalehdrgle & npdlexil pg B @ms Ka i
emphasithqedree thdgpsifhewonsi ddheamghlafving traits J6f an engi
ones that “impact the work that 1I:’dd rafidshpoat hly , work with o
responsibility, ahd( @h:13G:bdlr)a.tion

Kai in FGO2 seemed tofplheedtheolfnadt between engineering
practoincengi neeraitng ne ducdeelsfc.r idSleed her s'flhdres samot really a
picturgou.have a goal to complete, you complete your goal,
repeat. And you learn things, but a lot ofwhahte youher eyou ca
learning to how it's going to be usefl00: hdVvaysthoaan uvshe 1
lack of sociotecihmicwrdr icomltamotps toihtl msss ome studants’ view,
iaccurate reflectioal iofhse shewsatmey ol ehe rstshpaotn sfeo f k o we d
t wother stiumdeamtfocusafgrauKai’s statement above
Grac@O: 58t 38gree, I feel like they're giving us more of
yeah that's super important to work in industry, but i
steps, i1it's not really making me feel like I'm doing a
Obviously the practice is important, but I feel like t
of it's not there.



Col sdnl: 00 30hink one of the big things is that, in the
time it's like the f£snasaml dal cohdmydemfeidhgnengineering
class, for our testing, we've talked about the financi
something like $50,000 worth of recording equipment fo
we gotta make sure we get everything rigltmetham'gt dest
does happen, what do you do then?

Despite seeing sociotechnical context in engineering probl
education, other students said integrating sociotechnical

complexiFires., mantyssste@edesociotechnical engineering concept
than technical information, as technical information guide
agreed, however. In FGO1l, Bob indicated (and Pete agreed)

[ sociotechnical engineering is] just as 1 niplor(:a3n&: 3ad) .,teach
even 1f it i1is, he added, not necessary to reinforce sociot

Many students saw the teaching ofs sompotttahnikbutl entgharcequ
difficult or impossible given the constraints of academic
said,

But I'm beginning to wonder if trying to teach [sociot
the academicissebftare almost at odds with each other
because I think the sociotechnical engineering you lea
and make it work in the real world with real people wi
and trygifigttthat into a classroom, I think it's import
my previous statements cad Hadisnkmmad suprewiyt di fficult t
sociotechnical engineerif90tdtS5o3dhe classroom.

For many st udwortlsd ermegilneering prelfllemd ifoms toar @approaches t
applying engineering knowledge after graduation. Notably,
relevant or useful 1f they related directly to what studen
baccalaurcatcasamsacsttlhht ement from FG04:

Krump: OIl:888el 11ike [thlee dtarcd ma derxdptairsds] on Physics 2, 1i
really expandg eilretcd rE&Mt y a mdn dmatghneeitri swm)ve components
how, especially in thwerkdasppl whedtewarlelagd r&¢i scussed anc
how E&M relates worltdesppt.dehd thimks that connection make
class pretty important.

With that, 1if a class feels ‘useless’ or ‘irrelevant,’ stu
the courseemagnfestitude inconsistent withditheugsigomls or
belowm FGO03. In this excerpt, studsaltwi ngnplayl tchsatt techye gprreobl
developing in undergraduat eoeaimitme ¢thieng wialrle eaasr.ry

Cheddar:2 Xlb: fust based on my personal values, there 1is
conscientious of everything that I design. I think for
comes to mind whenever I look at a problem, is 1f it's



th greatest amount of good for the greatest amount of
designed just for one customer. What are the impacts o
account the standard lead time. How fast do tthey need
for these people to have that solution because then am
personal time.

Mozzzarella: 32:20 I know for me, a very motivating va
of pride, like with my homework atnod pwitt hi na,nylt hwanngt, tlo nh
to say, "Oh, yeah. I did that," so I know when doing w
like, there might be an ecawmiser iwayrt Hatcalh deultdilalfigh
of the time, it's, I wamt to wdwd¢hisamdght .od want t
"Hey, I designed this." Like show my friends. So it's
of what I'm doing, so I don't really take the shortcut

Similar
explain t
behind it
need to s
[new] pro
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Drawback| Time required that takedTime required that takes
trade(tasd taslts.often takes much n
proper sociotechnical it
include a simple r esoere
example.
Most professors haven’t
manner, and thus may fec
the required confidence

Concl usion

Sociotechnical thinking is acnonitmpdruttaen tt esrkgrlelp atrhiantg csatnude nt
for their fulwreordered¢os favei br oposcet dhihibeter i ng shlawlad i on

striviemploement more calciionttechmati on ni oradebbdawsesudents to n
only think in the technical dimewordd butmples tthd poobdbkn
just one way that sociotechnical integration can be 1implem
egaged in their coursework while also preparing them for b

Reaworl d e xaampel essf 6etmed in engineeasi nagn eedfufceacttiiome pedagogic
techniquweved, they have not been extensivebtyfendivpecific:
interventAsoment i oned-woerflodr es,c erncaarli ost hbfar momef i mi mpl e
examples that last a few minutes to exfaeanshve pranppect wet kx
whet her or nobte tame ye fcfaencti ve form of sociotechnicAsl integre
one of the case studies presents, sociotechnical integrati
factors that may af bdctsuscthupendt goige wa la nadppramachest may be
‘perfect’ per say.

Focus group Idmhdichees that thel povdlmastiddegtumniions nkl ect r oma
made far more connectiwond dbptrwbdemsealn that course and soc
thinkinghmbanhly sophemetestudents in Introduction to Mecha
This issue merits further research tochetewheni herthbereason
factors are developmental (juniors may be at higher cognit
(due to exposure to a greater overall percent-agpecofithe en
(related to the quali toyt eacnhdn iqeuaaln tiintfyo ronfia tsioocn st udents int eg
problem solving), other factors, and/or some combination o
Overall, students appear to recognize the value of- sociote
worldmpkxes to further that value.

Sociotechnical integratioawdarmlcd repanmlesdss wift hquneatlin descri
the litdvuatuoethe complex nature of it. This type of integ
of preparationnandad&xpegutiatps di fficult to generalize acros:
instructors, .dhdugtermdemkt d e xaampel efsr equently perceived as ea
integrate coursacsshort amorumalonfdtemempkesiwtebhnical

integration often require Thouglret tappeand £fdmrour focus
that -weeralld exampl es f esntdudtemn tsst’iednli meltsi, ve sociotechnical int
requires more than justs acmmoply tmhatcaael dfexempl es
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Appendi x: Focus Group Questions

What score on a scale from 1l to 100 with 100 being t
course and | being the least useful undergraduate co
course?

a.Tell us more about what impacts that score? (What
consider when determining that score?)

Have you heard stchei opthecalsrei ¢‘al engineering” previousl)y

a.Have you heard it 1GEENME4 COMMEGN2 OF/ KENGHEHt
about your other engineering classes?

b. What does it mean to you?

Tell me some words or phrases that describe what you
think, and believe.

Do you identify as an engineer? Why or why not?

What values oro aytotui thwodeds tchat influence your identity
an engineer ?

What did you | eGERNIL400/oMEGN200/ EENG3Wi6se, which you
did not previously know, regarding sociotechnical el

How diodir¢HEN1400/ MEGN200/ EENG38tbr uct bhecoomegpt of
sociotechnical engineering?

a.What could your instructor have done to better pre:
consider sociotechnical elements of engineering?

How apprepisatt for engineering professors to teach
technical engineering courses?

How appropriate is it for practicing engineers to co
when designing engineering solutions?



