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Abstract

In recent times the need for educational reseaeditdted to engineering education has been
recognised. This PhD project is a contributionhi® development of engineering education
scholarship and the growing body of engineeringcatian research. In this project it was
recognised that problem solving is a central agtito engineering. However, it was also
recognised that the conditions for doing enginggaire changing, especially in light of pressing
issues of poverty and environmental sustainakitia humanity currently faces, and as a
consequence, engineering education needs to emmphesblem definitiorto a greater extent.
One mechanism for achieving this, which has beeptad by some engineering educators in
recent years, is through courses that explicitigteeengineering to social justice. However,
creating this relationship requires critical infieaiplinary thinking that is alien to most
engineering students. In this dissertation it igg@sted that for engineering students, and more
generally, engineers, looking at their practice prafession through a social justice lens might
be seen asthresholdthat needs to be crossed. By studying the vangtiesent among students
in three different courses at three different Ndtherican universities, the intention was to
understand how students approach and internalisal astice as a perspective on engineering
and/or develop their abilities to think criticallk.conceptual model to frame the study was
developed by combining elements of threshold canttesory and the educational research
methodology, phenomenographic variation theory tiddke of the courses studied operated on a
similar basic pedagogical model, however, the ceirgere framed differently, with social
justice in the foreground or in the background wfite focus on, in one case, ethics and in the
other, sustainability. All courses studied appedodoke successful in encouraging engineering

students to engage in critical thinking and a singleneral trend in the development of students’



conceptions of social justice was observed in @fthe three courses. However, it does appear
that if one is interested in developing an artitedaunderstanding of social justice, with respect

to engineering, that an explicit focus on socistifte is preferable.



Acknowledgements

Doing a PhD can be quite a solitary journey asdesends further and further into the questions
and context under inquiry, and it is almost impblesto have a conversation about the finer
details of one’s research with people outside éanafmall group of people (a fact | actually
appreciate as it allows me a mental break). Howdweould not have been able to reach this
final stage of my PhD project without the suppdrseveral people, who | now want to thank.

First of all, | want to thank my supervisor CareliBaillie, who made this PhD possible
and who has been a steady companion on this jodiroeychaos through territories (some of
which | never could have imagined beforehand) @mallf now out toward the cosmos. Caroline,
| really appreciate all your support, patience, steddy belief in my potential and ability as a
researcher, especially at those times when | haga in doubt myself. It has been a pleasure!

Next, | want to thank my family, my mother Anne, fagher Dan, and my sister Julia,
who always have been there to offer moral suppatveho have taken turns to keep me sane
through conversations over Skype™ when the Phbéas hard going. One of the very few
drawbacks with doing this PhD has been that itqalesc big ocean of water between us and that |
have not been able to see you as much as | wded li

Next, | want to thank the people who, along withhdlilae, made my research project
possible, or more specifically without them themaud not have been anything for me to study:
Richard Day, co-creator and instructor of the cetsgineering and Social Justi¢E&SJ) at
Queen’s University and co-author of one of the pafi€éabo, Baillie, & Day, 2009) written as
part of my PhD; Martin French, the course instrucfoE&SJ during 2008; Donna Riley, creator

and instructor ofcience, Technology, and EthaisSmith College; Dean Nieusma, creator and



instructor ofSustainable Design Politics and CultuaeRPI; and all the students, especially my
interviewees, who attended these courses whewliestthem during 2008 and 2009. | also want
to thank the instructors and students involvedgilot studies.

Next, | want to thank the Social Sciences and HutieznResearch Council (SSHRC)
for the financial support of this study.

Next, | want to thank Magda Lewis, Professor inaeulty of Education at Queen’s,
who has helped me grow as a educational reseaandexrho has broadened my horizons in
relation to critical thinking in the context of ezhiion and research through the courses | have
attended with her and the discussion group she rams also grateful for the support she
provided me during Caroline’s sabbatical early y@mD.

Next, | want to thank Jim McLellan, Department HeddChemical Engineering at
Queen’s, who approved and has supported my someldatroject (in the context of chemical
engineering research) throughout my PhD.

Next, | want to acknowledge my colleagues who,dgtotheir participation in the
Engineering Education group and Technology Actisaup at Queen’s and/or the Engineering,
Social Justice, and Peace network, have helpedenedap my ideas about engineering and social
justice in general and my research project in paldr. An extra “thank you” to Anne Johnson for
proofreading all of the dissertation.

Next, | want to acknowledge the new friends | heagle in Canada, who have made
me feel at home in Kingston as well as older freefrdm back home who stay in frequent
contact—both groups have been important for mytgamd happiness.

Lastly, | want to thank Geoff Roulet, who by givinge the opportunity to crew on his
boat made me realise how much | enjoy sailing abthe develop a new skill set quite different

from the one | have acquired through doing this PhD



Statement of Originality

I hereby certify that all of the work describedhiiit this thesis is the original work of the author.
Any published (or unpublished) ideas and/or techesgfrom the work of others are fully

acknowledged in accordance with the standard nedérg practices.

Jens David Kabo

April, 2010

Vi



Table of Contents

ADSTIACT. ...ttt ii
F ol a0 1] =T [ =T g LT o] P iv
Statement Of OFgINAIILY ......cccoiiii i Vi
(O F=T o] =] g I 1 11 o o {1 Tod 1 o] o USSP 1
The Structure of the DISSEIrtaAtiON ...........commeeeeeiiuriieeiiiiie e 7
Notation used throughout the Dissertation...............cccceeeei e, 9
Publications Generated by the Research Project..........ccccovvvveeiiiiiiiiiiiiie e 10
A Note on the Mode of Address Used in this DiSSEIMA. .............cccviiiiiiiieeiiiiiieeeeeee 11
A Comment on the Role of the Project SUPErviSQr..............ceevveeiiiiiiiiiiiiieee e 11
Chapter 2 Conceptual Frameworks of the ResSearChu........cccccceeeeiiiiiiieeeee, 13
Perspectives 0N ENQINEEIING .....uvuuiiiiiiieieeees e e e 13
What IS ENGINEEIING? ... emmmmmms ettt e et e e e e e s e e e e e s s b r e e e e e e e e aaans 13
Engineering in @ SOCIal CONIEXL .........oi oo 22
Engineering and SOCIAI JUSTICE............... e e e e ettt e e e e e e 28
Engineering Education: Conventional and Alteraivameworks............................. 34
Problem solving in engineering @dUCAtION ....ccccaeviiiiiii i 37
Some problems with traditional approaches to tewcproblem solving...............cc........ 37
Problem-based [€arning ...........oovviiiiiiccceee e 40
Project-Dased [arNiNg..........c..uuuiiiiiccmmm e 43
Creative problem SOIVING ..........oooo i 48
Critique of common sense VIeWS Of @NGINEEING ceaar.uuuiiiiiaiaiaaae e 52
Freire and Critical CONSCIOUSNESS...........ceerermiiiiiiiiiiieieee e e et e e eerne e e e e 55

vii



Transformative learning thEOry ...........uueueecoiiee e 60

Educational RESEAICI ..........oiiiiiiii e 62
Overview of educational research in higher educadiad engineering ................oeeeeen. 2.6
L A=Y ToT =T ToTo = o] 0| 69
Example Of an OULCOME SPACE.........ccoi . mmmmmmr et e e e e e ettt e e e e e 75
Variation thEOTY .........ooiiii e e e e e e e e e 77
Threshold CONCEPL tNEOTY .........ooiiiiiit et 80
Threshold concepts 101: Suggested characteristics...........ccccvvvvviiviiiiiieciieeeeee, 81
Liminality, liminal space, and variation..... ..o 84
Communities of practice and disciplinary ways ofikimg............ccccccevviiiiiiiiiienneee e 86
Hegemonic ways of thinking and practiCing? . ..cooveeeeeeeeieeeeieeeee, 95
New Ways Of thiNKING ........ouriiiiii e 97
Closing thoughts on threshold CONCEPLS..... e eeeeeeeeiieeeiieeiiierieerreeiieee e 99
Summary of IMpPortant TREMES .........uuiiiie e 100
Chapter 3 Research Approach and Scope of the Projec............ccccvvvviveiieiiiiiiiiiiie e 101
Genesis and Hypothesis of the Research Project.............cccccceeeee 101
RESEAICN QUESTIONS ... ..o e 102
Y11 { T o (0] (o T | V2Pt 103
Threshold concepts as a framework for analysis...............ooeviiiiiiiiiiiiiiiiiiiiieeeeeeee. 103
Phenomenography as a framework for analysis................ooooiiiiiiiiiiiiiiiiiieeeeen, 109
A cOMDINEd fTAMEWOIK ......cooiiiiiiiiiiiit ettt e e 111
Y111 [0 T PP PP PTPRPPPRR 114
Chronicle Of the PrOJECT ..........vviiiiiiitceemme e 117
L T2 T PP PPPPPPPPPRPPPPRN 117

viii



PRSI 3 . ————— e e e e n e e e e e e e e e e e e e e e 119
S0omMe CoNCIUAING WOIAS .......ooeviiieiieeees s ettt ettt et e et eeeeeeeeeeseaessaassssssseneeeeeseeeeeeeeeeeesenes 120
Chapter 4 Exploration of Engineering and Social Juice in a Classroom...................cc...... 121
The Course “Engineering and Social Justice” andeQiseUNIVersity ...........cccccvvvveveeeenn. 123
TRE WHAL ... 124
TRE NOW e ettt e ettt e e e e e e e mnn e e e e e e e e e e e e e n e 125
Research Approach and SCOPE.........co oot 125
Outcome Space fOr SOCIAl JUSTICE ... e eeeeeeeiiitite e e e e e e 126

Position A — Pre-liminal state before social justaomes into view: No understanding.... 127
Position B — At the edge of the threshold: Sodistige as random characteristics and
fragmented UNAErStanding..........coooiiiiiiiiiie e 128

Position C — At the threshold 1: Social justicessamething passive and one-directional .. 129

Social JuStiCe as Charity ... 129
Social justice as duty and responSsibility ....ccooc...oooviiiiiiiiiii e 129
Social justice as “trustee care” or telling peopleat to dO........cccceeveeeeeeerierieee e e s 130
Position D — At the threshold 2: Social justicesamething active and participatory........ 131
Social justice as taking action for change ............cccccc 131
Social justice as being reSpoNSe-able.............ovvviiiiiiiiiiiii e 132
Social justice as a participatory undertaking............ccceevvveeeiiiiniiiiiiie e 133

Position E — Exiting the threshold: Social justicea lens for deconstruction and critical

ANAIYSIS ...ttt e e e e e e e e e e e e e e e e e 134
Summary of the QUICOME SPACE ..........eviieeeeeeeieeeeeeeeeeeeeeeevee v eerrereeeeeeeeeees 135
Shifting Perceptions of ENGINEEIING ........ccceeeeeiiiiiiiiie e e e 135



Shifts in how engineering students perceive enginge................ccccccevvvvevvieevieeeieennes 136

A — Critique of the hegemony of engineering ed@rati.................eeeeeeninmniiiiiinnns 136

B — Critique of the hegemony of the current prpéitadigm of engineering ................. 137

C — Critigue of the notion of a “right answer’.................ccccccceeeee 137

D — Critique of the “common sense” of technicalu$ioiNs ..o 138

E — The need for engineers to be humble and oparif@mue ..........cccooeeeieieiiieeiennnnn, 38

F — The need to ask who do we, as engineers, @i .................eeeeeeeennnnnnnnnnnns 139

G — The world is confusing and how do we as engsfi®ein? .....................c a3

Summary of the engineers’ perception ShiftS...........ccooeee 140
Shifts in how social science students perceivVerB Y ING...........cccuureerreeeeeeseneneeesmmmnn 141

o — Breaking down stereotypes about engineer/s/ing............cccccvvvveevieeiieeeveennnnn. 141

B — The realisation that engineering can play atpesiole in the creation of alternatives

............................................................................................................................... 142
Summary of the social scientists’ perception ShiftS................eeviiiiiiiiiiieiiiiiniiennne. 143
Concluding Summary and REfIECHONS ... 144
Chapter 5 Exploration of Social Justice in a Sustaiability Classroom................cccccee..... 146
The Course “Sustainable Design Politics and Cultanel Rensselaer ............................ 148
The Role of Social Justice iN the COUISE ...ccccceiiiiiiiiiiiiii e 149
RESEAICN MELNOM ...t 151
T 1T T OSSPSR 152
Outcome Space for SUSTAINADIIILY ...........commmmeevvreriiriiiii e 152
Positional — Sustainability as an unrealiStiC ideal . . ..vvvvveeeiiiiiiiiccce 153
Positiona2a — Sustainability as focus on a SpecifiCc ISSUB...........uuvvvrivviiiiniiiiiiiinenans 154
Positiona2b — Sustainability as focus on lifeStyles ..coaee v 155



Positiona3 — Sustainability as a top-doWnN ProCeSS ... cvieeiiiiiiiiieiiieiiaeeeeeeeee... 156

Positiona4 — Sustainability as a DOttOM-UP PrOCESS . cummmmmrerrreeeeeriiiiiiiiieieeeeeeeeaaiiees 157
Positiona5 — Sustainability as a holistic perspective...............cccccee, 158
Positiona6 — Sustainability as social emphasis or improgogety.........cccoeevveeeiieeiiennnn. 159
Summary of the sustainability OUtCOME SPACE.ccceceeriiiiiiiiiiiiiiieiiiiiiieie e 160
Outcome Space for SOCIal JUSLICE ..o reerriiiiiiiiniii e aaarrrrerrrrrrrrare 160
Positionol — Misconceptions or contradictions about sotisige ...............ccceeeeeiininnns 161
Positionw2 — Social justice as focus on isolated or randbararcteristics..............ccccun... 162
Position®w3 — Social justice as multilayered and compleX...........cccevveeeeeiiiiiiiiiiiennenen. 164
Positionw4 — Social justice as considering iIMPaCct............cccvvveeiiiieeee e 165
Positionw5 — Social justice as change.........ccoo oo 166
Summary of the social justice OUtCOME SPACE.......c..eeviiiiiiiiiiiiiiieiiiieiiiieeeeeee e 167
The Relationship between Sustainability and Sakiatice ...........ccccoeveeiieiiiiiiiiiiiiieeeees 168
The Role of Critical Thinking in the COUISe. .o .viiiiiiiiiieiiieeieeeeeee e 170
Concluding Summary and REeflECHONS .........ccemmmriiiiiiiiii e 173
Chapter 6 Exploration of Social Justice in an “Ethts” Classroom ..........cccceeeeeeviieniennene 175
The Course “Science, Technology, and Ethics” andtB8ollege.............c..ooociviinennen. 178
The Role of Social Justice iN the COUISE ...c.cceeiiiiiiiiiiiiiii e 180
StUAY Of the COUISE..... .. et e e e e e e e e e 182
Outcome Space fOr SOCIAl JUSTICE ... ceeeeeeeiiiitee e e e e 182
Positiona0 — No or contradictory understanding of SOCialifis...................evvvvvinniinnnnnnns 183
PositionB0 — A pre-disposition toward SOCial JUSHICE ...cccevvvvvviieeeiiiiiiiiiieeee e 184
Positional — Social justice as individual CONAUCT........eeeveeiiveviiiiiiiiiiiiiiines 185
Positiona2 — Social justice as professional CONAUCT .eeee-......evviiiieiieeiiieeeeeee 136

Xi



Positiona3 — Social justice as helping..........oooiieeceeeeieeeeeeeeee e 188

Positionf1 — Social justice as general charaCteristiCs..........ccuvvvriieeeiiiiniiiiiieeeeeen 139
Positionf2 — Social justice as understanding the underlgom@ext ..........cccceeeeeeieeeieennn. 190
Positionyl — Social justice as implementing change (withmgystem)...............c...o..... 191
Positiony2 — Social justice as challenging the status quO............cccccoviiiiiiiiiieeneeeenn. o2
Summary of the social justice OUtCOME SPACE.......c..cevveeevveeerireiiiriiiiiiiiee e 193
The role of Critical Thinking in the COUISe ..o 193
Concluding Summary and RefleCtions ........occceeeevviiiii 198

Chapter 7 Exploration of Key Pedagogical Charactestics for Encouraging Students to

Develop their Critical Thinking and Approach Social JUSHICE ...............cccviviieieeeeiniiinns 200
Key Pedagogical Characteristics of the Three Caussedied ...............ccccevvvvvvvvvevvveeeneee. 203
Some opportunities and challenges of an interdigeify classroom ...............cccceeeenneee Q42
The value and challenges of team teaching eeeeeeeeeeeoeeeeee 207
Some opportunities and challenges of a seminardbzlassroom ..............ccccooiiiiinnen. 082
Role Of the COUrSE INSIIUCTON ........iiii i eceee e 212
Student autonomy and responSibility ..o, 215
CoNStructive COUrse aSSIGNMENTS ........eiimceermrririeeeeeriiirirrr e e e e e s s aainnrreee e e nnreeeees 218
Relevant community based group ProjECE. ... cceeeeeurrrrrrmmmiiiiiieieeee e eee e e e s eaannes 218
The use of case Studies OF terM PAPEIS...cceiirreeeeiiiee e 222
Summary of observations about course assigNMEeNES...........ccooovvveieeiieeeieeeeeeeeenn. 226
Some additional pedagogical 0bServations .....cccccccccoeeviiiiiiee 226
Large range of media and INtervention ............cuuuuueuuuiieuinmmiii e 227
Topics seen from many perspectives with the pakotidebate...............ccoovveeeeee 122
ReEal ISSUES @NU QUESTS .....ccoiiiiiiieee et e e 228

Xii



Variation Theory: Incorporating the Results of RESH.................cceoeviviiiiiieiiieeeees 229

Concluding Summary and REeflECHONS ... 232
Chapter 8 DISCUSSION .......cccoieiiiic e e et e e e aeees 233
Part | — Reflections and Lessons from the Thre@i8$u.............ccceeeiiiiiiieiiiiiec s 233

Comparison of the three social justiCe OUtCOMEEPACL..........cuvverieeeeriiiiiiiiireeeeemmmmees 233
Dimensions of variation between the three Course............cccooviiiiiiiniiicene 234
Trends in and variation between the three outCqQUaees ............cccccevvviiiiiiiieeneenn. 236
Framing of data and outcome space StrUCIUIeS............cccoeveiviiiiiiiiiiicieeeeeeeeee, 239
Implications of the comparison of the three outC@ED&CES ............ccvvvvveeeeeeriiiinns 239
The applicability of the findings for engineering............c..cvvvviiiiiiiiiiiiiiiiiiiieeenennn. 240

Thoughts on participant ObSErVatioN........ccceeeuuiiiiiieieeee s 241

Implications for teaching for engineering and SHISLICE ..............ooviiiiiiiiiiiiiiiinnnn. 243
CoUrse EffECHIVENESS .......ooiiiiiiiiie e 245
The contribution of this study to existing and feeducational practice...................... 246

Part Il — Reflections on the Proposed Conceptuad@lo...............oovviiiiiiiiiiiiiiiiiiiiieeeennnn. 247
Implications for threshold concept theory ............ccooooe e 249
Continued evolution of the conceptual MOdel ..cccccoveeiiiiiiiiiiiiiiieeeeeeeee 250
Concluding ThoUGNLS.......ccooi i e e e e e e e e e e eeeeeeeees 256
Chapter 9 Summary and CONCIUSIONS ...t 258
The Research Questions which Guided the INQUILY..............ceeviiiiiiiiiiiiiiiiiiiiiieeeeeeeee. 259

How can students be encouraged to adopt a sostalguens toward their practice and
0T 10 (=TS (0] 0 259
What are the ways in which students vary in thppraach to taking a socially just

perspective t0 €NGINEEIING? .....cooi e 259

Xiii



What is the variation between courses that takgti different approaches to a similar goal

of encouraging students to develop their critibatking abilities?...............ccooooee oo 260
Concluding Thoughts on the Conceptual Framing efStudy..............ccccccvviviiiiiiiiiiieen 261
Chapter 10 FULUIE WOTK.........cooiieeeeeeee et 262
Variation around Conceptions at Different Placea Liminal Space...............ccccooeennee. 262
Further Development of the Conceptual Model ..., 263
Threshold Concepts through a Foucaultian Lens.............coooooieiiiiiiieeee, 263
RETEIBNCES ... ettt e e e e 265
LY o] 01T o [ PP PP PPPPPPPPPPPPPP 282

Examples of INtErVIEW GUIES ........coo i 282

First round Of INTEIVIEWS ........oiiiiiiiii it 282
General discuSSION Of the ClaSS ... eeeeieeeeei e 282
FOCUS 0N the groUP PrOJECES .....vvvviviiiiiiieiieeriieireeiareierreanneanaeanesaneaaan s nnnnnsessesesnnnnes 282
Second round Of INTEIVIEWS ..........ocuiiiiieeeeeee e e e e e 283

F Y o] 01T o [ | PP PP PPPPPPPPPRPPPP 284
Excerpt from an INterview TranSCrPL ..o .ererrruieriiiees e s e s ssrnennneennnnnnns 284

Xiv



List of Figures

Figure 1: An Engineering Design Algorithm basedmupdviorally Deep World ............ccccc..... 33
Figure 2: A comparison between traditional learrang problem-based learning ...............42...

Figure 3: A phenomenographic outcome space witleai@gories of description arranged into a
hierarchical SYStEM.........oooi i 75

Figure 4: Overview of different trends and centitaracteristics in a phenomenographic outcome

Figure 5: How different learners might navigateotigh a liminal space ................cc.ccoceeee 108

Figure 6: A conceptual model of a liminal outcorpace: a product of the combined frameworks

Figure 7: The outcome space for social justicdHercourse E&SJ ..........ccccvvvvvnnnnnnnmmmmnns 127

Figure 8: The outcome space for sustainabilitytfiercourse SDPC ..............cccceevvivvvvimenee. 153
Figure 9: The outcome space for social justicétiercourse SDPC.............occcvvviiiieiicennn. 161
Figure 10: The outcome space for social JUSHCBTE ..............uvvveeuvirriiiriiiieeneennsmmmmmreeseneees 183
Figure 11: An example of a student OUICOME SPACE c..vvvvvevriiiiiiiiiii e 230
Figure 12: Another example of a student QUtCOMEESPA..............ccoovviiviiiiiieeeeeeee s e 231
Figure 13: Three social JuStICE OUICOME SPACES ccaervvvviieeiiiiiiiiiriiie et e e e e e eiee e e e 237
Figure 14: A recap of the liminal outcome spaceceptual model .............ccccvviiiiiiiiiinnnn. 238

Figure 15: The new more non-linear conceptual méatdiminal space—the territorial/liminal

XV



List of Tables

Table 1: An overview and comparison to the thragegal approaches to educational research.. 66
Table 2: Emerging perception shifts of engineering............cccccveeeiiiiiiiiiieeec e 136

Table 3: Approximate comparison between liminalifpmss in the three outcome spaces........ 236

XVi



Chapter 1

Introduction

MIT’s Provost: “We are engineers, we solve problems.”
Williams: “Do [engineers] solve problems? The big problermthe world ...
are far too big for engineers to solve by themselve

[MIT’s Provost and Williams cited from Williams QB2, pp. 29-30)]

The context of engineering is changing. Increaginghgineering students will graduate and
work in a global context, with and for a diversewgp of people, and they will face—together
with the rest of humanity—the two major interlinkelabllenges of poverty and environmental

sustainability (Catalano, 2006). In addition, Fiamk1999) argues that:

As | see it, technology has built the house in Wwhie all live. The house is
continually being extended and remodelled. More arade of human life
takes place within its walls, so that today therdaardly any human activity
that does not occur within this house. All are ctffd by the design of the
house, by the division of its space, by the locatid its doors and walls.
Compared to people in earlier times, we rarely hemebance to live outside of
this house. And the house is still changing; istil being built as well as

being demolished. (p. 1)

Engineering has close ties to technology, and imemrasingly technology-dependent and
technology-filled world, the impact of the decissomade by engineers will be amplified,

especially in light of the challenges of povertyl@amvironmental sustainability. Catalano (2006)



argues that engineers need to work to amelioratemanexacerbate these challenges. Williams
(2002), on the other hand, argues that problenastligse cannot be solved by engineering only.
The question that needs to be considered is haalamte can be found where engineers can
contribute in a positive way towards lesseningwiogld’s most pressing issues without being
blinded by a belief in the infallibility of engingag. There is a growing awareness of this
guestion within the engineering community, for epdanaccording to the Canadian Engineering

Accreditation Board (2009):

The engineering profession expects of its membeammpetence in
engineering, as well as amderstanding of the effect of engineering on
society/[italics added]. Thus, accredited engineering pog must contain
not only adequate mathematics, science and engigedaut they must also
develop communication skills ar@h understanding of the environmental,
cultural, economicand social impacts of engineering on society ahdhe

concept of sustainable developmptatlics added]. (p. 11)

Baillie (2006) acknowledges this development, lsguas that it needs to be taken further:

Engineering forms part of a complex mix of socblitical and economic
developments. We are involved with serious probleta local and Global
level that affect our society and the environmé@&mwrhaps if engineers could
study more about the social, economic and politoatext of their profession
they might apply their creativity to employ whaetbcholars and practitioners
in other fields have been discovering. We hope ¢hgineers might then work
together with the future graduates of sociology gntitical economics and

with the broader communities in order to redefimggieeering practice.



Understanding the “social impact” of our enginegris not as simple as
exploring the potential health and safety risksemsuring that we are legally
covered for liability. In whatever way is possiblee need to ensure that
procedures are in place to critically examine own @engineering practices
and study the implications of such practices omllend global societies. (pp.

63-64)

The essence of Balllie’s argument is the ideae¢hgineers should be encouraged to develop their
critical thinking abilities. Here, critical thinkgndoes not refer to thinking rationally and logigal
but to the ability to see beyond what is considécedhmon sense” understandings of the world.
In one sense this is similar to how students irsmsy in order to understand Newtonian
mechanics, need to let go of everyday “common Sefusstotelian understandings of mechanics.
However, the “common sense” discussed here idadi¢lte (often unspoken) social relations that
constitute and govern much of human existence. &#tildents in a selection of fields are trained
to develop this kind of thinking, engineering studeare often not given the opportunity to do so.
Critical pedagogyis an educational tradition dating back to Pautkare (1970) that is dedicated
to helping students develop their ability to tharkd reflect critically. In this dissertation stutien
learning is explored in three courses, which aiteeehcourage engineering students to develop
their critical thinking abilities. Each of the tlereourses were, to varying degrees, inspired by
critical pedagogy or similar educational traditiomsaddition, each course did, in different ways,
tie into issues related to social justice.

Social justicds a complex term that has come to hold multipéanings, but at its core
it concerns resisting and reversing oppressiveaanhiequal relationships both in terms
interpersonal relationships and distribution obreses. In order to address problems of poverty

and environmental degradation an appreciation @bsjustice is needed. An example related to



engineering, is the increasing trend of what Saterei_ucena, and Leydens (2009) refer to as
“engineering to help” (ETH), in which it is commdmat engineers or engineering students from
the Global North go to “developing” countries iret@lobal South in order to help. Schneider et

al. observe that there is a growing interest in EBHn educational approach, but warn that:

If we do not critically engage the history of dey@inent, with its colonial and
post-colonial implications, including its omissiorad failures, we risk
repeating the most serious errors of developmerfhat is, we risk doing
more harm than good, despite our best intentions.sidents have much to

gain from ETH initiatives, and the recipient comnti@s much to lose. (p. 47)

This is a clear case where engineering and satte intersect and with increased globalisation
and a growing need to address the aforementioratbnbes of poverty and environmental
sustainability, this will happen with increasingduency. Therefore, there is a perceived need to
educate engineers regarding social justice (edilli@& Catalano, 2009a, 2009b, 2009c; Reader,
2006; Riley, 2008c). One way of doing this, whislput forward in this dissertation, is to
encourage engineering students to adopt sociatéuas a critical lens to their practice and
profession. However, this has been observed thakenging for many students.

The genesis of this dissertation occurred whermdlese instructor (also supervisor of
this project) of one of the courses studied, olesbthaat her students, when attempting to
approach social justice, appeared to move into Wiegter and Land (2005) refer to aBmainal
space which is a “space” of uncertainty, flux, and séion between two different states of
knowing, being, or seeing. Some students weretaldeply a critical social justice lens in
discussions and assignments, i.e., they were algads though the liminal space and were able

to reach the desired course outcomes. Other swtadtdifficulty changing how they thought



about engineering and technology and to adoptratime views and can be said to have gotten
stuck in the liminal space. Yet others (the maytitied different ways of approaching adopting
social justice as a critical lens and can be salthize been moving back and forth in the liminal
space uncertain of how to pass through. Clearlyrfost students in the class it was not trivial to
start thinking about engineering in terms of sogiatice. Drawing on Meyer and Land’s (2003)
emerging framework of threshold concepts—in whitd dssumption is made that in most, or
perhaps all (disciplinary) knowledge domains, thexist certain concepts that serve as gateways
to further progress as a learners and a deepds leflenowledge—it was hypothesised that for
engineers, both practising professionals and stagadopting a socially just perspective to their
practice and profession could be seen as a thee st needs to be crossed and that this
transition might prove both transformative and desome. This hypothesis is explored in this
dissertation.

While the ideas of crossing a threshold and nawiga liminal space were useful for
framing the research project, an approach was dded¢he inquiry, and inspiration was drawn
from the phenomenographic research tradition (Mgrfon and Booth, 1997). Phenomenography
is based on the assumption of a non-dualist posftidere different experiences or conceptions
are neither psychological nor physical—not locatetthe subject or in the world, but between
these two), and facilitates the creation of an ¢oaie” space of shared conceptions of some
phenomenon. In the methodology adapted for thearesgroject the threshold concepts and
phenomenography frameworks were combined to ceeateceptual model suited to frame the
student learning experiences under study.

The aim of the research presented in this dissamtatas to investigate how successful
emerging educational efforts concerned with engingeand social justice, as the course

mentioned above, are in helping students approdopti;g social justice as a critical lens, or in a



somewhat wider sense develop critical thinkingrizeaa related to social justice and engineering.
In addition, the ambition was to discern those etspef existing practice which are essential in
helping students cross the hypothesised threshsldell as to identify ways in which practice
can be improved, in order to contribute to buildpeglagogical capacity in this emerging area for
the benefit of future students. The following thgeeestions guided the inquiry:
* How can students be encouraged to adopt a sostadguens toward their practice and
profession?
* What are the ways in which students vary in thppraach to taking a socially just
perspective to engineering?
* What is the variation between courses that tak@ti different approaches to a similar
goal of encouraging students to develop theiroaitihinking abilities?
Furthermore, the research presented in this degsrtcontributes to the emerging threshold
concept framework by raising the notion of the &xise of thresholds for a whole discipline,
e.g., social justice in engineering. Hence, the tf this dissertation iSeeing Through the Lens
of Social Justice: a Threshold for Engineering
To conclude, this dissertation is part of an edooat effort aimed at helping prepare
students—by encouraging them to broaden their twesiand develop their abilities to think and
reflect critically—for the challenges and opportigs they will face in their future careers in an
increasingly globalised and changing world andrtsuee that the impact of engineering in this

world is a positive one.



The Structure of the Dissertation

This dissertation is broken down in the followingyw

In Chapter 1the growing awareness, within engineering, ofrteed to acknowledge
the social impact of engineering is discussed alwitiyy some engineering educators and
practicing engineers who suggest that the currfémtie need to be taken further by emphasising
critical thinking and social justice. It is ackn@gbed that this appears to be difficult for some
engineering students to do and the notion of aatpgstice threshold is introduced.

In Chapter 2 the range of conceptual frameworks needed totsitrad frame the study
are introduced and reviewed. First, the stagetithssugh a discussion of the natures of
engineering and social justice and how they canectmgether. In addition, several other
approaches aimed at addressing the social impa&etigiheering are identified and differentiated
from approaches focused on engineering and sasit¢. Then, common educational
frameworks currently used in engineering educaai®mell as alternative frameworks, such as
critical pedagogy and transformative learning tyeare reviewed. To frame and support the idea
of social justice as a threshold for engineerirgitieas of thought collectives and hegemony are
introduced. In addition these conceptual constreetge as a bridge between the current
incarnation of engineering education and one thgthesises critical thinking to a greater extent.
Lastly, to frame the research study, educatiorsaech in higher education and engineering
education is discussed and frameworks such asthicesoncept theory and phenomenography
are introduced and overviewed.

In Chapter 3the frameworks introduced in Chapter 2 are brotogrtther and

operationalised into the methodology and method tsguide the inquiry of the research



project. In this chapter the genesis, hypothesiéthodology, method, and progression of the
research project are discussed.

In Chapter 4 the study, carried out during the winters of 2a608 2009, of student
learning in the courséngineering and Social Justice: Critical theoridg@chnological practices
is discussed. First, the context, thematic andtisa@spects of the course as well as the research
approach used are described. Then, the findinggrasented in the form of a liminal outcome
space for social justice and emerging perceptidisstt engineering among the engineering and
social science students in the class. The chaptamicluded with a summary and some
reflections.

In Chapter 5the study, carried out during the fall of 2008stifdent learning in the
courseSustainable Design Politics and Cultusediscussed. First, the course, its context,thad
research approach used are described. Then, thedgaof the study are presented in the form of
outcome spaces for sustainability and social jasdied observations about the relationship
between these two terms as well as the role afafithinking in the course. The chapter is
concluded with a summary and some reflections.

In Chapter 6 the study, carried out during the fall of 2008stifdent learning in the
courseScience, Technology, and Ethissliscussed. First, the course context and s¢bpeple
of social justice, and the research approach degdlaye described. Then, the findings of the
study are presented as an outcome space for ggatiak and observations about the role of
critical thinking in the course. The chapter codelsiwith a summary and some reflections.

In Chapter 7 pedagogical implications of the three studies preskin Chapters 4-6
are discussed. The main body of the chapter catesiaan overview and comparison of deferent
key pedagogical characteristics of the three cawsalied. The chapter is concluded with a

summary and some reflections.



In Chapter 8 the different threads running through this disgéh are drawn together.
In this chapter, a more holistic perspective ispaeld and the discussion is broadened by
comparing and contrasting the diffident studiesaddition, the nature of the data and outcome
spaces, the research process, the conceptual neddbped and utilised, and the implications of
the findings are explored and reflected upon.

In Chapter 9 the themes discussed throughout the dissertatiobraught together in a
summary and conclusions.

In Chapter 10three areas of future work are outlined: 1. Tothsdfindings of this
project to help redesign courses or to create meg,a@s well as using variation theory (Marton
& Tsui, 2004) as a basis for the adoption of ttsilts as input to class discussion, in existing or
new courses. 2. To further develop the conceptaalainput forward in this dissertation in more
non-linear terms by drawing on the work of Gillesl€uze and Félix Guattari (1987). 3. To
explore the underpinnings of the emerging thresholttepts framework in relation to dominant

disciplinary ways of thinking by drawing on the Waf Michel Foucault (e.g., 1980).

Notation used throughout the Dissertation

The following notation has been used throughoutibgertation:

E&SJ refers to the courdengineering and Social Justice: Critical theoridd@chnological
practices

SDPCrefers to the coursgustainable Design Politics and Culture

STE refers to the coursecience, Technology, and Ethics

Queen’srefers to Queen’s University in Kingston, OntaridCanada

RPI refers to Rensselaer Polytechnic Institute in Tgw York in the United States

Smith refers to Smith College in Northampton, Massactisise the United States



QS#represents a Queen’s University student intervieiwez08
QSR#represents a Queen’s University student selfcgfia from 2009
QCRE# represents a Queen’s University critical respassay from 2009
RS#represents a Rensselaer Polytechnic Institutestudterviewed in 2008
SSt#represents a Smith College student interviewe&008

I: refers to me as interviewer

STE_| refers to the course instructor of STE

SDPC_Irefers the course instructor for SDPC

Publications Generated by the Research Project

At the time of writing the work reported in thissdertation has resulted in four published or
submitted manuscripts:

+ Kabo, J., & Baillie, C. (2009a). Seeing through lémes of social justice: a threshold for
engineeringeuropean Journal of Engineering Educati@4(4), 315-323.

» Kabo, J., & Baillie, C. (2009b). Socially just engering education: How do we get
there? Manuscript submitted for publicatiorbngineering Studies

» Kabo, J., & Balillie, C. (2010). Engineering and fabdustice: Negotiating the spectrum
of liminality. In R. Land, J. H. F. Meyer, & C. Bh¢ (Eds.), Threshold Concepts and
Transformational Learningpp. 303-315). Rotterdam: Sense Publishers.

+ Kabo, J., Day, R. J. F., & Baillie, C. (2009). Emgering and Social Justice: How to help
students cross the threshdRtactice and Evidence of the Scholarship of Teaxhmd
Learning in Higher Educatigr(2), 126-146.

In addition, the conceptual model proposed in dssertation has been used to frame service

learning in a cross-cultural context:
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» Balillie, C., Feinblatt, E., & Kabo, J. (in pres8)Vhose project is it anyway?” The case of
Waste for Life, Argentina. In N. Webster & T. StewEds.),Exploring cultural

dynamics and tensions within service learning

A Note on the Mode of Address Used in this Dissettian

The mode of passive voice has mainly been useddhaut the dissertation, but in some
instances the pronoumgeand| are used. As this project has been carried ocliaboration

with project supervisor Caroline Balillie, the promaveis used to refer to ideas or observations
which have been put forward in material alreadylighlkd, in press, or submitted for publication.

The pronoun is used to refer to myself when discussing my avlé actions during field work.

A Comment on the Role of the Project Supervisor

As the project supervisor, Caroline Baillie, alsasshe instructor of the couragineering and
Social Justicestudied in this PhD project, the question of pti&ronflicts of interests between
these two project roles can be asked. Firstly,ev@lections of student quotes and the emerging
outcome spaces connected to this course were fidhguiscussed with the project supervisor,
this process started after the course had conclaneédhus separating the dual roles of the project
supervisor as instructor and researcher. In additiee initial reading of full interview transcrgpt
and preliminary selection of student quotes wemedny me with the project supervisor

providing a secondary perspective on the choiceade in order to, through an iterative process,
clarify and finalise the emerging outcome spacguestion. Secondarily, at the centre of the
project supervisor’'s educational philosophy aretthbleness, willingness, and ability needed
for the critical self-reflection emphasised by Raliteire (1970) and other scholars (as discussed
in Chapter 2), and as a consequence there is neiped risk that the data analysis process or the

findings could have been influenced by the progegtervisor’'s ego in any way. Indeed, the
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ambition of this research project, to improve carqgractice, aligns well with the project
supervisor’'s educational philosophy. Thus, to codel no conflicts of interests were experienced
in relation to the project supervisor teachingeharseEngineering and Social Justiesd the

research carried out on this course.
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Chapter 2

Conceptual Frameworks of the Research

In order to explore the issues and questions raistte preceding chapter a range of conceptual
frameworks is needed to situate and frame the mpgn this chapter these frameworks are
introduced and reviewed. First, the stage is seutgh a discussion of the natures of engineering
and social justice and how they can come togebheddition, several other approaches aimed at
addressing the social impact of engineering anatifiied and differentiated from approaches
focused on engineering and social justice. Themneon educational frameworks currently used
in engineering education as well as alternativméaorks, such as critical pedagogy and
transformative learning theory, are reviewed. Borfe and support the idea of social justice as a
threshold for engineering the ideas of thoughtembiVes and hegemony are introduced. In
addition, these conceptual constructs serve aislgebbetween the current incarnation of
engineering education and one that emphasisesattitinking to a greater extent. Lastly, to
frame the research study, educational researcigleheducation and engineering education is
discussed and frameworks including threshold cantewry and phenomenography are

introduced and overviewed.

Perspectives on Engineering

What is engineering?

According to Voland (2004), engineering is bothraf@ssion—to be an engineer—and an
activity—to engineer. This corresponds to the d&fin of the term found in the Oxford English

Dictionary (n.d.): 1. a.The action of the verb ENGINEER; the work donedrythe profession
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of, an engineeh. The art and science of the engineer’s professidowever, how engineering
is conceptualised by those in the profession anithge outside the profession goes beyond
these brief dictionary definitions. In this sectdifferent perspectives of the engineering
profession are explored.

A classical definition of engineering was devisgdlbhomas Tredgold on behalf of the
Institution of Civil Engineers in 1828 that statggngineering is] the art of directing the great
sources of power in nature for the use and conmwerief mangic]” (Johnston, Gostelow, &
King, 2000, p. 26). A more recent definition of @reering is given by the American

Accreditation Board of Engineering and Technolo§BET):

Engineering is the profession in which a knowledf¢he mathematical and
natural sciences, gained by study, experience,paadtice, is applied with
judgement to develop ways to utilize, economicatyg materials and forces

of nature for the benefit of mankind. (in Volan@02, p. 2)

The last part of the ABET definition rings very dian to Tredgold’s 180 years older version—
the purpose of engineers is still to control theds of nature for the convenience of humans, but
now it is to be done economically. Another aspest &lso entered the definition, the idea of
engineers applying knowledge of mathematics arghseito achieve their goals. In Canada the
corresponding agency to the ABET is the Canadiagirteering Accreditation Board (2009),

which offers the following view of engineering aedgineering education:

The engineering profession expects of its memb&@mpetence in
engineering, as well as an understanding of theceféf engineering on
society. Thus, accredited engineering programs nugsitain not only

adequate mathematics, science and engineeringheytmust also develop

14



communication skills and an understanding of theirenmental, cultural,
economic and social impacts of engineering on $peird of the concept of

sustainable development. (p. 11)

The emphasis here is on the notion that engineess umderstand the impacts of their practice on
society and the environment which stands in stamgrast to Tredgold's definition, which can
be interpreted in a way that nature exists for msra exploit. However, Johnston et al. (2000)
argue that Tredgold captures the idea that engmgeshould be at the service of humanity and by
extending that logic, this is true for the ABET idéfon as well. According to Schiavone (2002),
engineering is: “The practical application of mattatics and science to create, design, test,
improve, and develop knowledge, research, monesinbss, economics, and technology” (p.
18). He then adds: “Engineering is a process thalies mathematics and physical science to
[the] design and manufacture of a product or serfoc the benefit of society” (p. 18). This is
similar to Voland (2004), who writes that enginagris: “An innovative and methodical
application of scientific knowledge and technoldgyroduce a device, system or process, which
is intended to satisfy human need(s)” (p. 2).

Students are clearly influenced by their professmrsociety’s ways of understanding
what engineering is. Schiavone (2002) collectedmedented the following quotes of first year

students’ ideas of engineering:

A subject that reflects our understanding of thangund us.

The application of scientific knowledge to solvagtical problems.

The bridge between pure science and practical Ggijun.

The application of [science] to provide goods ttisfahuman needs.

Creative problem solving.
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* The use of technology to perform tasks.

e The study of how to build things.

* The study of how things work and how we can makentkvork better.

» Creating, designing, testing and improving systems.

* A scholarly, yet practical, study of the physicpphkcations of human
beings’ technology combined with nature’s laws.

» A profession by which you utilize mathematical estific, and physical
knowledge for the betterment of humankind.

* Applying math and science to life.

« The application of the simplest and least costlyhoé to solving a
problem.

» Being creative and facing new challenges every (@bgy. 17-18)

Some of the themes that emerge from these studeetgs of engineering are (listed in order of
prevalence in Schiavone’s selection): applyingreme problem solving, improving things,
creativity, meet human needs and improve life,dig things, and using technology. These
themes are much in line with the ABET definitionenfgineering. Thinking about engineering’s
impact on society and the environment is not phtti@ definition held by this group of students.

Andrews, Aplevich, Fraser, Macgregor, and Ratz @@dfer yet another perspective:

An engineer is a person who uses science, mathmmatkperience, and
judgement to create, operate, manage, control, @intean devices,
mechanisms, processes, structures, and who dogsirtha rational and
economic way with human, societal, and naturaluesss and constraints. (p.

4)
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Burghardt (1995) offers an additional view:

Engineers are practical people and understand lhsinesses need to be
financially viable to hire and employ engineers,camtants, machine
operators, and office workers and that engineemy p unique and
fundamental role in the organization. They creaté design new products,
which must operate correctly and safely, and abst that lets the company
remain in business. All this is accomplished in tentext of being a
responsible professional, being responsible toetigineering profession and
to society. It is in this area of societal respbiisy, where engineers have

been active in the past, that renewed activityeisded in the future. (p. 41)

Both of the above definitions have moved away ftbmideological emphasis on serving
humanity and focus more on the creation of prodatsprocesses. The importance of
economics in engineering is also highlighted. Bargh(1995) also emphasises the significance
of societal responsibility and points out that ioy@ments are needed in this area. Vesilind
(2006) agrees with this sentiment, but suggeststingineers have never been very good at this.
According to him, “The engineer is sophisticatedli@ating technology, but unsophisticated in
understanding its application. As a result engisiéewve historically been employed as hired
guns, doing the bidding of both political rulerslamealthy corporations” (p. 283).

In a response to the call for a new morality fogiaeering caused by an increased
awareness of the destruction of the environmentnkdn (1976) expresses scepticism toward
imposing more ethics and responsibility onto ptexters of the profession. According to
Florman, engineering is a moral profession, bustjars of responsibility need to be addressed

on an individual level and not on a collective lleviéis is partly due to the difficulty of
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collectively agreeing on what is morally right. & example, he brings up the development and
construction of weapons—for some engineers thesaappropriate areas of employment, while
others see these as the right thing to do basedmrerns for national security. Florman also
argues that engineering practices need to be dtegrihe government through laws and taxes,
and not through self-regulation within the professi

Some authors in the social sciences, particularthé field of STS (Science and
Technology Studies) (e.g., Sismondo, 2004) whoevatiout issues related to engineering and
technology use the term engineering very infredyetd almost exclusively use the term
technology. Baillie and Catalano (2009a) commeat ith many of these cases it “appears to be
assumed that those that ‘do technology’ are engsfi¢e. 17). Williams (2002) observes that:
“While ‘technology’ expands its rhetorical reachat of ‘engineering’ shrinks. Never a
glamorous term (though it was a solid one), itassused more rarely, and mostly in a
connection with a specific project or departmept”17).

A recurring aspect of how engineering has beenenalised is as applying science to
solve problems. According to Sismondo (2004) tleaithat technology is applied science is
centuries old, but this notion has been challerigad many directions in more recent times. For
example, most historians of technology think trsiénce owes more to the steam engine than
the steam engine owes to science” (Sismondo, 20045). According to Sundin (1991) the
steam engine was invented long before the lawlseshiiodynamics were formulated. These laws
were actually derived from experiences of operastegm engines so this is an example of
science as a result of technology. According tonSisdo (2004), engineering has its own
research and knowledge traditions. There are seagd#ional authors who have written about
the influence of science on engineering, for examwimford (1963) and Pool (2003).

According to Mumford (1963):
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We have seen how engineering as an art goes bahtituity, and how the
engineer began to develop as a separate entityessikh of military enterprise
from the fourteenth century onward, designing fizdkions, canals, and
weapons of assault. ... As the methods of exact aisalgnd controlled
observation began to penetrate every departmeatdtity, the concept of the
engineer broadened to the more general notioncbhteian. More and more,
each of the arts sought for itself a basis in ekacwledge. The infusion of
exact, scientific methods into every departmentwofk and action, from
architecture to education, to some extent increttsedcope and power of the
mechanical world-picture that had been built ughia seventeenth century:
for technicians tended to take the world of thegitgl scientist as the most
real section of experience, because it happenetheowhole, to be the most
measurable; and they were sometimes satisfiedsuiperficial investigations
as long as they exhibited the general form of tkace sciences. The
specialized, one-sided, factual education of thgirerer, the absence of the
humanistic interests in both the school of engingeritself and the
environment into which the engineer was trust, oalcentuated these

limitations. (pp. 219-220)

In Mumford’s view, the European Enlightenment exfa &n imprint on all disciplinary fields, and
the field of engineering was notably influencedoR@003) writes about how this influence has

lingered on within the engineering profession, that it ultimately is a folly. According to him:

Traditionally, engineers have seen their work insipast terms. Like

scientists, they take it for granted that their kvig objective, and that they
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believe that to understand a technology, all oredseare the technical detalils.
They see a strict dichotomy between the pure logibeir machines and the
subjectivity and the irrationality of the world which they must operate. On
the other hand, a growing school of social scigitisees technology as
socially constructed. Its objectivity, they sayaimyth created and propagated
by engineers who believe their own press. As wilieree, this is no mere
academic debate. Our attitude toward technologgehin a large part, on
what we believe about the nature of the knowledggdetlying it. ... unlike
scientists, engineers are working with a world hadit own creation, and the

act of creation cannot be understood in positigsns. (p. 20)

Williams (2002) adds to this debate by stating:that

There is no “end of engineering” in the sense that disappearing. If
anything, engineering-like activities are expandidghat is disappearing is
engineering as a coherent and independent profetsa is defined by well-
understood relationships with industrial and otbecial organizations, with
the material world, and with guiding principles Buas functionality.
Engineering is “ending” only in the sense that matis ending: as a distinct
and separate realm. .... Engineering emerged iorkdwn which its mission
was the control of non-human nature and in whigat thission was defined
by strong institutional authorities. Now it exists a hybrid world in which
there is no longer a clear boundary between autonspnon-human nature
and human-generated processes. Institutional atiisoare also losing their

boundaries and their autonomy. (p. 31)
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In this new world, engineering cannot be seen dsaated activity. According to Johnston et al.
(2000), a modern definition of engineering is: ‘Gl societal enterprise, with significant
influences on all aspects of human life and a majlerto play in moving the world towards
particular goals” (p. 26). However, this social dimsion of engineering and technology appears
to be absent from many of the views on enginegrnegented above. Noble (1984) offers the

following insight in why this is so:

Because of its very concreteness, people tend iérazd technology as an
irreducible brute fact, a given, a first causeheatthan as hardened history,
frozen fragments of human and social endeavowghdmt, the appearance here
of automaticity and necessity, though plausible &hds ideologically
compelling, is false, a product, ultimately, of aawn naiveté and ignorance.
For the process of technological development ierg&dly social, and thus
there is always a large measure of indeterminatyfreedom, within it.
Beyond the very real constraints of mater and gnexists a realm in which

human thoughts and actions remain decisive. (p. xi)

MacKenzie (1989) ties awareness of this social dsimn of engineering to success in the

profession.

[S]uccessful engineers also know that, to be ssfgleshey have to engineer
more than metal and equations. A technologicalrpnge is simultaneously a
social, an economic, and a political enterprise.Sometimes, of course,
engineers do seek to build their systems only otamand equations,
forgetting the need also to bind in human and arggional allies. These

engineers, | suggest, are often those of whom tutieagues say, “X built a
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brilliant so-and-so, but somehow it never caught oo one was ever

interested in it.” (p. 198)

Engineering in a social context

As could be seen above with the students’ defimitiof engineering collected by Schiavone
(2002), an influence on engineers’ view of theofpesion is the education that they have
experienced. According to Baillie (2006), enginegrinas often been learnt as if it were isolated
from everything else, with a focus on the technéal practical aspects. In other words, students
are seldom educated in the context in which théywark as engineers after they graduate
despite there being many available studies onntipact of technology and engineering on
society (e.g., Franklin, 1999). Ways in which stclave impacted technology and alternative
views on the ways that technology has influencedathy that humans live are commonplace in
the emerging field of Science and Technology Sai@T'S). Researchers in this area rarely share
their knowledge with engineers, but publish in tleein journals and teach their own students.
However, in several universities across North AgeerEurope, and South Africa it is
increasingly common to see STS departments, whiaghlm interdisciplinary or hosted within a
sociology department, servicing engineering stugldot example at Rensselaer Polytechnic
Institute in the United States. Johnston et al0(@@eport on the Engineering and Society
Programme at McMaster University in Canada whictuges on relating engineering and
technology to society. Compared to the usual feary for an undergraduate engineering
programme in Canada this programme spans five y€hesextra year allows for fitting more
material into an already crowded curriculum, arelgtudents get both the technical content of a
traditional degree and a broader understandingeoéhgineering context. There have, however,

been few studies and there is therefore little @vig of the success of such programmes in really
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helping students to transform their perspectiveatihneeded is an in depth study of the ways in
which such courses might impact students’ wayseotgiving their role and impact on society.

In recent years there has been more emphasis phie dmportance to consider the
social impactof engineering in North America and elsewhere, thiglis now included in the
accreditation criteria for engineering programnid®e Canadian Engineering Accreditation
Board (2009) says that “accredited engineeringarog must ... develop ... an understanding of
the environmental, cultural, economic, and socrgdacts of engineering on society” (p. 11). Its
American equivalent uses similar words: “Enginegipnograms must demonstrate that their
students attain ... the broad education necessamyderstand the impact of engineering
solutions in a globakconomic, environmental, and societal context” {Begring Accreditation
Commission, 2008, p. 2). Despite this well-intendd movement, there is no attempt to address
the challenge of how this understanding is to besldped, nor how social impact analysis is to
be done, or learned. In the wake of these new ditation requirements there has been a growing
interest and recognition among engineering edusabod institutions for several approaches,
such aservice learningsocial responsibilityengineeringethics humanitarian engineeringand
engineering andustainabilitywhich are seen to have the potential to help stisdiewvelop the
desired knowledge and skills. However, there iglyaain attempt to bring in sociologists,
political scientists, development studies schadand others who might be able to help develop
knowledge in this area of social impact.

According to Coyle, Jamieson, and Oakes (2005nt&r@easpect of the idea sérvice
learningis that students learn and develop through ap@écipation in an activity that is
carried out in and meets the needs of a commul#yan engineering example they discuss
Engineering Projects in Community Service (EPI@8)ich was started in 1995 at Purdue

University, and argue that such programmes arenaygto meet both technical needs in the local
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community and the educational needs of studentaeMer, as VanderSteen, Baillie, and Hall
(2009) point out, often the students are the keyebeiaries from such interventions and the
communities either do not benefit in the long rummee, in fact, sometimes harmed. Service
learning projects in engineering initiatives artenflocated in “developing” countries in the
Global South where there is an even more serioed fog student preparation and reflection
before the projects commence (Baillie, Feinblatt Kabo, in press). Marullo and Edwards
(2000) discuss service learning as one way forarsities to form collaborative partnerships with
the community to address social, political, ecormahiand moral ills, but they emphasise the
difference between work for social justice and wiankcharity. While social justice aims to
change an unjust structure, charity, whilst neeggssad important, provides only a temporary
solution that often ends up reproducing the statiesrather than challenging it. Marullo and
Edwards stress that it is important to ask whanp@wvered by work undertaken by students and
whether the work does anything to address theaaages of the problem in question. This is
extremely difficult for engineering students towlben they have not been exposed to other
disciplinary areas. It is all too easy for thenbtash off problems with the excuse that “we can’t
do anything about that—it's a social problem.” Watkholistically to address root causes
requires an interdisciplinary approach and a &hifhe overall perception of what engineers’ role
might be in such a location.

Social responsibilitfoften “corporate” social responsibility or CSR)another term
frequently used in the current economic climatecagkding to Zandvoort (2008), there is much
agreement on the importance of preparing engingegriaduates for social responsibility, but at
the same time there is little agreement in whatehm really means or how to structure curricula

to achieve this. In addition, Catalano and Ba{li806) suggest that simply having a
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responsibility is not enough for inducing positstleange to how things usually are done and that
the term social justice is more adequate.

The most well developed area, in which enginear®aposed to ways of thinking
where they must question practice, is engineesthigs It is not possible to pay due respect to
the huge amount of work achieved in this area biiice to mention two areas of importance to
the argument of this dissertation. Catalano (20@8)reviewed many of the current codes of
ethics in the United States and reveals that theyagking in areas relevant to social justicehsuc
as impact on poverty reduction or enhancement. Aiieg to Herkert (2005), “Most research and
teaching in engineering ethics has had a ‘microuss (p. 374)—individual decision making.

The “macro” focus of societal decisions—the leviet@ncern in this dissertation—is often

ignored. Zandvoort (2008) remarks that

as regards the teaching of the ethical and sospgdas of engineering and
technology, it is crucial that due attention isegivto the organisational, social,
legal and political context in which engineers worl reveal to them the
collective or “macro-ethical” issues and problerisheir work, and to enable
them to evaluate possible solutions and contritiutbe solutions. ... To put it
in a nutshell, doing good works for poor peoplesoet necessarily mean that

students will adequately understand the causeswarty. (pp. 138-139)

However, even where “macro” is in focus, the disowus is still often framed around ensuring no
negative impacafter-the-fact rather than critiquing the nature of the techiniteevelopment at
source. One example of emerging work that inteadsltiress this latter point is presented by
Riley (2008d) who reports on a course she has dedigrawing on pedagogies of liberation.

This course is further expanded on in Chapter 6.
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Yet another growing area is education focusingustainability Nieusma (2009)

characterises sustainability in the following way:

The various approaches to “sustainability” typigadhare two features that
[distinguish] the concept from common understansling the mainstream
environmental movement and its (perceived) focus identifying and
publicizing environmental problems. The first distilishing feature is #cus
on solutionsto environmental problems, or at least intervergiontended to
ameliorate those problems. The second distingugsfaéature is systematic
attention tointersections typically the intersections of social, econonaod
ecological systems. Combined, these features duréatal attention to both
the constraints to and the opportunities for intiovain each of the systems
under consideration, which arguably cannot be aptished effectively
entirelywithin any of the existing disciplinary domains but mustaadressed
betweeror amongthem. In the terminology of sustainable design kotiezio
Manzini, sustainability requires both a “strated\efficiency,” or doing things
better, and a “strategy of sufficiency,” or simplging less, at least in terms of
production and consumption of material goodshe.doncept of sustainability
serves to reinforce efforts to promote interdisogaly collaboration and

education, surely including undergraduate engingezducation. (p. 2)

Nieusma later points out that “the terminology w$tsinability is not without shortcomings” (p.
2) and suggests that “for example by putting aigaetr company’s profit margin on equal

footing with environmental protection within thagrapany’s local or regional context,
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sustainability may serve to reinforce businesssasili (p. 2). A course which focuses on the
culture and politics of sustainable design is reggbon in Chapter 5.

The last related area under development at thepréme is a focus on what is known
ashumanitarian engineeringMitcham, Lucena, and Moon (2005) summarise hutagan

science and technology (and by extension, engimgesis follow:

While advances in science and technology have hedahany people, they
have also often increased rich-poor divides, toctgpecific organizations
have tried to respond. Among these, many emphasizace and engineering
expertise. Humanitarian science and technologyeptsj typically operated
on a not-for-profit basis, aim either to providendlamental needs ... when
these are missing or inadequate in the developortgwor higher-level needs

for underserved communities in the developing wdd 949)

There is an increasing interest link between thesaanitarian efforts and engineering education,
but the designs of such programmes vary widely fnom-critical to critical in their consideration
of engineering development (Amadei, 2003; Eppre2®d4; VanderSteen, 2008). An argument
against the development of such programmes, frenpéspective taken in this dissertation, is
that they can leave the impression that all othgireeering programmes are “non-humanitarian.”
While all of the areas or approaches describedeabught have the potential to
highlight the social impact of engineering and h&tlgdents develop desired knowledge and
skills, they also appear to have drawbacks (ergited focus or lack of critical thinking) if care
is not taken by instructors to address these. Bl#ipn taken in this dissertation, is that
development of critical thinking skills needs todighe centre of any educational effort aimed at

addressing awareness of the social impact of eagimg and in an increasingly globalised world
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it becomes important for all engineering studeatspss all programmes, to become critical

thinkers and to think through the social justic@lications of their work.

Engineering and social justice

Other approaches to facilitating a reflective quig of an engineer’s role in society emphasise the
need to focus on social justice, rather than omhpact on society.” Practitioners and researchers
in this area argue that engineering will alwaysagtgsociety in a positive or a hegative manner,
but that it is necessary to examine ways in whiehidalance can be shifted to a more positive
project in the future. Undergraduate courses wiih focus have emerged in recent years
especially through the “Engineering, Social Justecel Peace” network which was launched at
Queens University in 2004 (“Engineering, Socialtides and Peace,” n.d.). The network has been
host to five international conferences and couasesiow taught at Smith College, Rensselaer
Polytechnic Institute, Binghamton University, andsCadia Community College in the United
States as well as at the University of Western raliat The National Academy of Engineering
hosted their first symposium on Engineering andé@daistice in October 2008.

In order to understand what is meant by socialgash engineering, one needs to
examine what is meant by the term social justicen extensive review, Riley (2008c) explores
a range of perspectives and movements that faéuthé umbrella of social justice—ranging
from faith traditions and human rights to ecology @ritical theories, such as feminism and

critical race theory. According to her:

It is difficult to define the term social justick’s not that the term is poorly
understood; ... each of us knows what we mean yhi. problem is that the
term resists a concise and permanent definitismmlitability and multiplicity

are in fact key characteristics of social just{gpe.1)
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Social justice is motivated by religion, politiethics, feminism, anti-racism and even
environmentalism. The origin of the term is atttdalito a nineteenth century Sicilian Jesuit priest
and has been very important to certain faith trawlit such as liberation theology (Riley, 2008c).
However, Riley (2008c) suggests that “[no faitlaldition has a complete and unchanging belief
system that can lay out values for social justareafl believers in all times and places” (p. 16).
Gewirtz (1998) argues that (social) justice has dimeensions, one distributional and
one relational. According to her, discussions @fadustice often become synonymous with
discussions of how material and monetary resoweslistributed in society. A more holistic
approach to social justice also reflects the natithe relationships which structure society. As
an example of a holistic synthesis of the two disnems Gewirtz puts forward Young's (2000)
idea of the “five faces of oppression'exploitation(benefiting at the expense of others),
marginalization(being pushed away from participation in socia)lipowerlessnestbeing
unable to make one’s voice heard due to lack ¢fistar respectiultural imperialism(the
dominant culture becomes the way of interpretingaddife), andviolence(the risk and reality of
being targeted with acts of violence). Gewirtz agreith Young that these are all mechanisms of
oppression and social injustice and that these tebd addressed and countered when working
for promoting social justice. One exception frons tis cultural imperialism, which according to
Gewirtz does not always need to be rejected shetare minority groups, such as neo-Nazis,
that have extreme and oppressive views that shilde affirmed. Gewirtz’s discussion of
social justice and the five faces of oppressiaitigated in the context of educational policy
research and Gewirtz wonders to what extent eduetpolicies support, interrupt or subvert
these mechanisms of oppression and injustice.dibtsission is relevant in the context of the
current study, however, the focus needs to be anamal to what extent the courses under study

do anything support, interrupt or subvert the fiz®es of oppression.
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In addition to codes of conduct and education, wiaide culture and climate also
influence engineers’ view of their profession. Ating Johnston et al. (2000), the majority of
engineers in the United States work for privatgooations or as self-employed consultants.
Thus, there is a strong link between engineerimgivate corporations. Baillie (2006) points to
the historicity of this link by drawing on Johnstenal. (2000), who state that engineering played
an essential role in the great economic growthldthto the rise of industrial capitalism.
Corporations are most often driven by a profit m@tind hence much engineering has also been
profit driven. Although not all engineering is deiv by profit, even disciplines that focus more on
service, such as civil and environmental engingetiave been affected by the need to compete
in the marketplace (Baillie, 2006). Baillie (20@8gues that the more engineering as a profession
or an activity becomes synonymous with a profitietthe more possibilities for alternative
visions of engineering diminish. Young engineer®wbme to work in this type of environment
after graduation risk being pushed toward a viethefprofession where the focus is on the
economic issues at the expense of critiquing thEaonhof their engineering in a broader context,
i.e., they become part of the dominant thoughtectiVe (this term will be discussed in detail
below). Without an education that encourages eatititinking, as previously discussed, graduates
are unlikely to be able to make the connection betwtheir own work and the challenges of
poverty and environmental sustainability the weanld facing. Williams (2002) develops this

argument:

Engineers evaluated costs in the context of afiignt goal: the defence of a
democratic society (through economic or militaryght), or the progress of
civilization (cheap power, flood control, less harthbor, better

communications). The importance of these goalsnioaglisappeared, but the

rhetoric of engineering no longer emphasizes therstead, it dwells on
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almost exclusively on technological innovation asad in itself, with market
performance as the measure of success. Compatee ggals of furthering
democracy or civilization, the aim of profitablenovation seems considerably

less noble. (p. 30)

Engineering is an activity with strong connectitmsnany aspects of human life and Earth’s
current state; it always exists in a social conéext cannot just be seen as solving isolated
technical problems. Thus, engineers need to tddtead view to their practice and profession,
but as seen above this is not necessarily theigdle current state of affairs. Education, codes o
ethics and workplace culture influence how engiselefine their profession and selves. Both
Baillie (2006) and Catalano (2006) argue that ttodifopmaking paradigm is inadequate for
dealing with the challenges humanity and engineevg are facing, and therefore a new
paradigm for engineering is needed. One such garadill be presented in the next paragraph.
Since the profit making paradigm is deeply entreakim the current engineering context,
possible steps towards a new paradigm might bevarhaul of engineering education and the
present codes of ethics. The call for a new petsf@eon engineering is reflected in Johnston and
al.’s (2000) argument that there is no comprehenghilosophy of engineering (or technology),
and that the creation of such a philosophy is irigrfor the future of the profession.

Catalano and Baillie (2006) argue for a new pamadigr engineering that is centred on
themes of social justice and peace rather thaiit praechnical wizardry. According to them the
rationality that has ruled Western civilisation axjineering for much of the latter part of
history needs to be coupled with compassion. Raliiyrby itself in not evil, but it offers a
limited perspective that has had great consequédiatesor humanity and the Earth. Reason
guided by compassion offers a wider perspectiveghauld prove more beneficial for all of

humankind and the Earth. While Catalano and Bgillié06) express scepticism toward the idea
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that technological progress can be equated witiptbgress of the human race, they do not
believe that society can go back to an earlieesiathat placing restrictions on technological
progress is a solution. However, the call for a eegineering paradigm signals that
technological progress needs to be better guided.

Catalano and Baillie (2006) do not believe thatigalbased on social justice can be
forced upon people; rather they want to broaden éogineering is conceptualised so people can
chose a view that is consistent with their own galtHowever, drawing on Simon’s discussion of
teaching (1992), engineers should be encourageohsider what social visions they support by
their practices. As an example of an aspect of éogineering can be re-imagined to align more
closely with social justice, Catalano (2006) suggésat an engineering design process in
addition to the traditional optimisation of a teaah solution and more recent ethical
considerations, also should involve an evaluationteether or not the proposed solution helps to
reduce the suffering and injustices in the worfldhé¢ solution does not contribute towards
reducing suffering and injustice it should therdizearded. This is a radical shift away from
traditional engineering design. Summary of the &teps of the proposed design algorithm is

given below:

* Via Positiva[italics added]. The problem is identified, fullg@epted and
broken down into its various components using thst array of creative
and critical thinking techniques which engineersgess. What is to be
solved? For whom is it to be solved?

* Via Negativa[italics added]. Reflection on the possible implicas and
consequences for any proposed solution are explavadt are the ethical
considerations involved? The societal implicationdhe global

consequences? The effects on the natural envirdfmen
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* Via Creativalitalics added]. The third step refers to the afctreation.
The solution is chosen from a host of possibiljtiegplemented and then
evaluated as to its effectiveness in meeting tlsirekk goals and fulfilling
the specified criteria.

* Via Transfomativalitalics added]. The fourth and final step aske th
following questions of the engineer: Has the siidfglin the world been
reduced? Have the social injustices that pervadeglmbal village been
even slightly ameliorated? Has the notion of a comity of interests
been expanded? Is the world a kinder, gentler ptaceowing from the

Greek poet Aeschylus? (Catalano, 2006, p. 47)

A visualisation of the design process can be fdartelgure 1.

Step 1. Via positiva

What is to be solved?
For whom is it to be

solved?
Step 4. Via Step 2. Via negativa
transformativa
What are ethical
Has the suffering/ considerations?
injustice in the world Societal? Global
been reduce( environmental

Step 3. Via creativa

Have all creative and
critical thinking skills
been employed?

Figure 1: An Engineering Design Algorithm based mpoMorally Deep World (adapted from

Catalano, 2006, p.48)
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Ursula Franklin (1999) is a key thinker in the apgééechnology and society. She offers
additional advice on how to ensure a socially @grgjineering practice. A critical question for
engineers to ask when considering a particulaeptpjather than simply consider benefits and
costs, is “whose benefits and whose costs?” (Firank®99, p. 124). To help engineers address

this question Franklin (1999) has devised a sewém gheck list:

Does the project:
« Promote justice?
* Restore reciprocity?
» Confer divisible or indivisible benefits?
« Favour people over machines?
¢ Maximize gain or minimizes disaster?
* Promote conversation over waste?

« Favour reversible over irreversible? (p. 126)

In addition to this Franklin also offers the idda@bookkeeping, but in Franklin’s mind this idea is
much broader than traditional economic bookkeepig suggests that rather than one book
three books are needed: one for economy, one pi@and social impacts, and one for
environmental accounting. The question “whose benahd whose costs?” can then be asked in

relation to each book.

Engineering Education: Conventional and AlterativeFrameworks

The training of engineers has taken different fotimeughout history as human societies and
civilisations have risen and fallen and the prdtesgself has evolved. According to Booth

(2004):
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Engineering education can trace its origin to tugtilctly different roots. The
first is the tradesman apprentice education, wheges with indentures to the
local trades studied to advance their theoretigdl@actical knowledge of the
tools of their trade. ... The other sort of roothg tuniversity or college that
took the natural sciences as a starting point gedialized in applications to

engineering. (p. 10)

According to Booth, Chalmers University of Techrgylon Sweden and Georgia Institute of
Technology in the United States are examples ofitsteorigin, while Massachusetts Institute of
Technology (MIT) in the United States is an exangiléhe second. Today all three institutions,
as well as Queen’s University in Kingston, Canaudla,research-led and education-intensive
universities that offer a range of programmes wfigtfrom traditional disciplines to new and
emerging disciplines. However, Booth suggeststti@tonditions both within which engineering
occurs and the context surrounding engineeringathrcare now changing. There are many
others who also have written about these changgs (&awley, Malmgqvist, Ostlund, & Brodeur,
2007; Williams, 2002). In the 1996 Review of Engirieg Education in Australia it was stated

that:

The Review of Engineering Education is recommendiadess than a culture
change in engineering education which must be roatesard looking with

the capability to produce graduates to lead theneegng profession in its
involvement with the great social, economic, enwnental and cultural

challenges of our time. (Institution of Engineersskalia, 1996, p. 1)
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In order to address these challenges, the Natfcademy of Engineering in the United States
has recommended that engineering institutions dpualore innovative programmes, and have

stated:

The engineering education establishment, for exanthbé Engineering Deans
Council, should endorse research in engineeringatthn as a valued and
rewarded activity for engineering faculty as a nseao enhance and
personalize the connection to undergraduate stsdentinderstand how they
learn, and to appreciate the pedagogical approathas excite them.

(National Academy of Engineering, 2005, p. 54)

In a similar vein, the Millennium Project of The Warsity of Michigan in the United States has
made several recommendations related to engineedingation in a recent report, including the

need to:

Stimulate more activity in the scholarship of emgiring education and
learning, encouraging investment in research aedatfoption of evidence-
based approaches to innovation and continuous weprent. (The

Millennium Project, 2008, p. 88)

In light of the above, the research reported ahimdissertation may be seen as a contribution to
research and scholarship in engineering educdfimmintention is to contribute to research as

well as the practice of engineering education.
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Problem solving in engineering education

We're engineers. Engineers solve problems. In fieeds, [Provost Robert]

Brown ... captures the soul of MIT. (Williams, 20¢2,29)

Problem solving has a central role in engineerimg) ghysics education (Bowe, Flynn, Howard,

& Daly, 2003), and is considered a key ability poofessional engineers (Jonassen, Strobel, &

Lee, 2006). However, in recent decades, questians been raised about the traditional way of
training students in problem solving in engineeragcation through lectures, tutorials, and set
problems. This has led to the development and im@igation of alternative ways of training

engineering students, such as problem-based Igapniproject-based learning.

Some problems with traditional approaches to teaciig problem solving

According to Bowe et al. (2003), learning througblggem solving is a well established practice
in engineering and physics education. Kim and Rak2) support this by saying that problem
solving constitutes a major part of most physiessés. Below, some observations on problem
solving in the context of physics education arewussed. As problem solving is a central activity
in engineering education, these observations staqppty to engineering education more broadly.
The conventional approach to problem solving ingslpresenting material during a
lecture, then posing example problems that areeddby the professor or teaching assistants
during the tutorials. Finally, students are expédttesolve similar problems themselves. Bowe et

al. (2003), however, suggest that:

These problems are narrow in focus, test a restrisét of learning outcomes,
and usually do not assess other key skills. Thelestis do not get the

opportunity to evaluate their knowledge or underdiag, to explore different
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approaches, nor to link their learning with theivroneeds as learners. They
have limited control over the pace or style of hrag and this method tends to

promote surface learning. (p. 742)

According to Thacker, Kim, and Trefz (1994), wheaditional problem solving is used in
introductory physics classes, many students fadeteelop an understanding of the underlying
physical concepts if these differ from their init@mmon sense (mis)conceptions. Despite the
fact that students are learning how to manipulagedata correctly, in the numerical sense, and
can learn to solve quantitative problems they oftemot understand the underlying concepts.
Bowden and Marton (2004) conclude, for examplet, teny students in introductory physics
have more of an Aristotelian than a Newtonian ust@eding of basic mechanics.

Kim and Pak (2002) investigated the idea thatghisation might have arisen because
the students have not done enough problems. Thiagdaut their study among the first year
students in the Physics Education Department ofilS¢ational University in South Korea. In
order to attend higher education in South Koredesits are required to take a national
examination (Kim & Pak, 2002). To prepare for tihygics exam students solve many problems
in science and mathematics, usually using comnigreigailable workbooks in addition to work
in school. These workbooks consist of three patsmary of content, example problems with
solutions, and practice problems with short ans\ii€ira & Pak, 2002). The average number of
workbook problems that the students in Kim and ®akidy had solved was about 1500. At the
start of the term the researchers tested how wefigzed the students were in mathematics and
mechanics, and during the term they investigatediesal conceptual difficulties the students
might have in basic mechanics. They found thastbdents were well prepared for solving
guantitative problems, but lacked in qualitativelerstanding of basic concepts in mechanics—

such as differentiation between acceleration, faradvelocity. Kim and Pak also found little
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correlation between the number of workbook problsoiged and students’ conceptual
understanding, which suggests that the numberatfig@ms solved is not a critical factor for
conceptual understanding of physics. Kim and PArRZ2 conclude by saying: “The result of this
investigation provides evidence for the limits m@fditional problem solving. Although traditional
problem solving is an important part of studyingitalerstand physics concepts, some aspects of
conceptual understanding might require other ambres!’ (p. 765).

According to Jonassen et al. (2006), traditionabpgm solving is not the most optimal
way to prepare engineering students for their futmorkplaces. The kinds of problems described
above by Bowe et al. (2003) are well-structured—ghmmeters are given in the problem
statement and there is one correct solution thabeaound by applying preferred solution
methods (Jonassen et al., 2006). However, workgeat@ems are not well-structured, but ill-

structured. According to Jonassen et al. (2006):

lll-structured workplace problem have vaguely defiror unclear goals and
unstated constraints; they possess multiple solsitemd solution paths or no
consensual agreement on the appropriate solutloey tnvolve multiple

criteria for evaluating solutions; they possess explicit means for

determining appropriate actions or relationshipsvben concepts, rules, and
principles that are used; and they require leartermake judgments and
express personal opinions or beliefs about thelpmoland defend them. (p.

139)

Historically, it has been assumed that learningaiee well-structured problems in the classroom
gives the ability to solve ill-structured workplageblems, but recent research indicate that this

is not the case (Jonassen et al., 2006).
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Problem-based learning

Problem-based learning (PBL) has been proposeihgridmented in many universities as an
alternative to the traditional preparation of pesienals, especially when they are involved in
problem solving. It has been particularly succdssfthe area of medicine but has also been the
method of teaching in some engineering school8@oyears. Bowe et al. (2003) report on how
PBL can be used to teach physics to first yeamsgging students. The focus of their paper is the
actual implementation of PBL in two first year plogscourses in the Dublin Institute of

Technology. According to Bowe et al. (2003):

PBL is characterised by the organisation of cuta@round real-life problem

scenarios. The students are presented with theséeprs and work in groups

towards a solution. The students determine thaimiag issues and develop
their unigue approach to solving the problem. Theanimers of the group learn
to structure their efforts and delegate tasks. Resrhing and organisational
skills are critical components of the process. &tisl learn to analyse their
own and their fellow group members’ learning preessand ... must engage

with the complexity and ambiguities of real-lifeoptems. (p. 742)

An important question to pose at this point is thedpite the PBL approach being quite different
from the way in which traditional problem solvirggtaught, to what extent does it help students
grasp difficult concepts. According to Bowe et(@D03), the evaluation up to the time of the
writing of their paper “has shown that the PBL i exceed non-PBL students in their
understanding of physics concepts, achievemerairdard physics tests, development of key
skills, and ability to work in groups” (p. 744). @hesults from another study where PBL was

introduced in a thermodynamics course at Kettedniyersity in the United States indicate that
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the PBL students performed better on their finames than students taught in a traditional way
(Nasr & Thomas, 2004).

If Jonassen and co-workers’ (2006) characterisatfalrstructured workplace
problems are compared to Bowe et al.’s (2003) dstgmn of PBL, it can be seen that they match
quite well. This is not too surprising since “PBi_dharacterised by the organisation of curricula
around real-life problem scenarios” (Bowe et 8002, p. 742). Jonassen et al. (2006) agree that
converting the curricula of engineering programneeBBL is one solution for preparing
engineering students to become better workpladelgmosolvers. They continue to say that PBL
has been successfully implemented in several eegngeprogrammes around the world, such as
at Aalborg University in Denmark and McMaster Umaity in Canada. However, they add that
“many PBL experiences do not adequately accommabateature of workplace problems in
their learning experiences. ... all PBL programs #hengage students in resolving the
complexities and ambiguities of workplace problentge consistently throughout the
curriculum” (Jonassen et al., 2006, p. 147). Tass statement contradicts how Bowe et al.
(2003) describe PBL. Thus, even if PBL is a goaabidate to help students prepare for the kinds
of problems they will face in their future workpées; care has to be taken how the problems used
in PBL are designed and/or chosen.

Therefore, in traditional instruction in probleomhdng, students learn by having the
material to be learned presented first followegkgcticing the problems; in PBL the problems
are the starting point and students have to figutevhat they need to know to solve them. The

two learning processes are summarised and compakégure 2.
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Tell students Start with a Students identify
Start » what they need problem » what they need
to know to know
A A
Traditional Learning Problem-Based Learning
\ 4 \ 4
Give problem Learn it Apply it to solve Research and
and illustrate (g the problem (g learn it
how to use it

Figure 2: A comparison between traditional learniagd problem-based learning (adapted from
Nasr & Thomas, 2004, p. 661)
One question concerning problem-based learnindnexwit is suitable to introduce students to it.

According to Bowe et al. (2003):

There has been reluctance to introduce problemdbl@sening into first-year
physics courses, due to the pedagogical view Heastudents require a sound
body of knowledge and mathematical skills beforeytlare equipped to
engage with this process. When [PBL] has beendntred, it has tended to be

in the final year of the course. (pp. 742-743)

This point-of-view can also be found in Said €8g2005) proposition of how to implement PBL
within the Department of Electrical Engineerind.Btiversity of Malaya. They suggest that the
core subjects in the first year should be tauglat achassical framework in order to give the
students good theoretical base knowledge. How®gamwe et al. (2003) have shown that PBL can
be successfully introduced in the first year ofieagring programmes if it is handled properly
and the tutors are aware that the students arbgggining their journeys as self-directed
learners. Jonassen et al. (2006) bring up thevitip considerations about implementation of

problem-based learning:
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Conversion to PBL requires systemic reform of cula or at least entire
courses. Although they have proven incredibly sssfté in many contexts,
the level of commitment to such an innovation isenihhan most programs or
professors are willing to make. Even if such a céamant is made, PBL

programs face the continuous challenge of popwéaheir problem base with
authentic problems that are informed by everydagctice. In order to do so,
PBL programs need to establish and apply a systemeatcess of identifying

attributes of workplace problems and respond tticati changes in these

problems over time. (p. 147)

To summarise, if care is taken to adequately sugtodents in their learning experience and to
accommaodate the nature of workplace problemsomilshbe possible to design and implement a
PBL-driven curriculum that will successfully addsds/o of the major problems (1. Not helping
students to fully grasp fundamental concepts, basic mechanics. 2. Not preparing students
sufficiently for ill-structured workplace problemsssociated with traditional problem solving in
engineering education. Also, added benefit fromhsarcimplementation are that in addition to
problem solving skills, students develop otherlskhey need as professional engineers, such as

communication, teamwork and time-management gi8isd et al., 2005).

Project-based learning

Project-based learning is another approach to tegemd learning that is different from
traditional lecture based approaches and problesaebkearning. Here follows an overview of
three different approaches to project-based legrritase studies, design projects and service

learning.
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Case studies

Davis and Wilcock (2004) cite several studies #hettw that students learn more effectively when
actively involved in the learning process and thatuse of case studies is one way of involving
them. They describe case studies in two ways: T.oAgplex problems that emphasise both the
context and the main point. 2. As student-centrtidities that present a situation or topic that
raises issues for analysis. Davis and Wilcock (2804 gest that one of the main advantages of
case studies is that they present material in tegtaral manner that helps to bring theory and
practice together. Much of what Davis and Wilcoak & echoed by Raju and Sanker (1999)

who present the following summary of the basic ggles behind case studies:

The primacy of situational analysi&nalysis of some specific situation forces
the student to deal with [the] “as is” and not theght be.”

The imperative of relating analysis and actidine traditional academic focus
has been to know; the practitioners’ focus has lmeeaction. The case study
method of instruction seeks to combine these tviviaes.

The necessity of student involvemérite active intellectual and emotional
involvement of the student is a hallmark of casedgt method. That
involvement offers the most dramatic visible costravith a stereotypical
lecture class.

A nontraditional instructor roleThe instructor’s role is not so much to teach
students as to encourage learning. His/her roledse of a facilitator and
he/she has to be both a teacher and a practitioner.

The development of an administrative point of vi€he students develop an

understanding of the problem from a holistic p@htview and not from an
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engineer’s perspective alone. (Barnes et al. ditedaju & Sanker, 1999, p.

502)

Both Davis and Wilcock (2004) and Raju and Sanke89) see case studies as a way for
engineering education to train students in varfmagessional skills, such as communication.
Overall, case studies do not have one tidy andgkcbanswer and students need to make choices.
According to Raju and Sanker (1999) this closefieots reality and is important for preparing

students for the workplace.

Design projects — CDIO

In their bookRethinking engineering education: the CDIO approdcrawley et al(2007) give
an overview of and argue for implementation of@mnceive, Design, Implement, and Operate
(CDIO) approach to engineering education. Accordinthe authors, CDIO is a response to a
concern that engineering education has moved fraphasis on practice to science during the
last half-century. This move has meant that moceneengineering graduates excel at
disciplinary knowledge, while they have had lesining in personal, interpersonal and system
building skills. The authors argue for the needdioreducation that retains the current level of
technical knowledge but also strengthen the stilis have been neglected. According to

Crawley et al. (2007), the goals of the CDIO initia are to educate students who are able to:

« Master a deeper working knowledge of technical &imentals.

* Lead in the creation and operation of new produgtscesses, and
systems.

» Understand the importance and strategic impacteskearch [and]

technological development in society.
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To achieve these goals the authors call for mdegymation between courses in engineering
curricula and projects that take students throbhghsame phases as engineering projects in the
professional workplace, hamely conceiving, designimplementing and operating a product,
process, or system. Each of the phases has aediffiercus (Crawley et al., 2007). The Conceive
phase focuses on what needs to be done and suggestihow it can be realised. The Design
phase creates a design for a product, procesgstans that based on the ideas generated in the
previous phase is to achieve the desired outcotme Ifiplement phase transforms the design
into an actual product, process, or system, whieh is optimised. The last phase, Operate,
focuses on the use of the product, process, cersyit achieve the wanted results as well as its
improvement, maintenance and retirement. The fbases do not necessarily have to be a linear
process but can take on a cyclic nature. The asifmint out that the terms for the four phases
are general in nature, but stress that the phasesthe core processes carried out by engineers
working to build products, processes, and systéistsnheet the needs of society. Overall, the
CDIO approach to engineering education seems tdnasige the need to prepare students for the

real world of the workplace and to meet the neddisdustry.

Service learning — EPICS

According to Coyle et al. (2005) a central aspéc¢he idea of service learning is that students
learn and develop through active participationriraativity that is carried out in and meets the
needs of a community. The authors cite severaltgepn service learning being integrated into
engineering curricula in various ways. The focugheir paper is on EPICS—Engineering
Projects in Community Service—which was starte#l985 at Purdue University in the United

States. They summarise EPICS in the following way:
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[EPICS] is an engineering design program that dperm a service-learning
context. EPICS students earn academic credit feir gharticipation in the
local community. The teams armultidisciplinary—drawing students from
across engineering and around the universigrtically-integrated—-mainly
from a mix of freshmansjc] through seniors each semester; &omd)-term—
each student participates in a project for up t®@seemesters. The continuity,
technical depth, and disciplinary breath of thesants enable delivery of

significant benefit to the community. (Coyle et 2005, p. 1)

The authors suggest that programmes such as EP¢Gi@ way to meet both technical needs in
the local community and the educational needsunfestts, especially professional skills such as

teamwork and communication which are difficult tbe students to learn through lectures.

Comparing the three project-based learning appresch

Case studies, design projects and service leaamsthree forms that project-based learning can
take. They all have their defining characteristing, also overlap. They can, to some extent, be
placed on a continuum with case studies on oneanddervice learning on the other. Case
studies deal with analysing and solving a problena @onceptual level while service learning

can operate on a more practical level. Design ptejall somewhere in between, since they
usually involve both a conceptual phase and a ipi@etical creation phase. Service learning can,
of course, also involve a conceptual phase—EPIGSjizod example—but then again, EPICS
combines service learning with design projects. lévhil three approaches emphasise the
development of professional skills, case studiesd@sign projects seem to be mostly geared

toward preparing students for the industrial woake!.
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Creative problem solving

According to authors, such as Dewulf and Bailli@93), who promote and develop creative
thinking, it is important to ensure that studerasenthe ability to define the problem—to make
sure that they focus on the right question. Accggdo Dewulf and Balillie, classically in problem
solving—there are four stages: preparation or gmbdefinition, idea generation, incubation
(letting the ideas dwell for some time before jungpio conclusions) and verification (testing out
the ideas against certain criteria). Dewulf andlBasuggest that, typically, one is also expected
to diverge and converge at different stages optklem solving process. In the problem
definition stage one first diverges—one might dske we asking the right question? Do we
want to build a bridge or a telephone cable? Iptioblem transport or communication?” etc.
Once this has been decided on, one convergespeciis problem definition. Then one seeks to
solve the problem. At this time obvious solutioas @e purged so they do not block one’s
thinking. Then one can move into idea generatiahus®e any way open to come up with as
creative a solution as possible. Dewulf and Baéiephasise that it is a good idea to have many
possible solutions at this point and diverge ashragpossible. The ideas are allowed to incubate
for some time and finally certain criteria are apgland one converges again to a selected
solution.

In helping students to learn how to solve probletms,most commonly neglected of the
four phases is the problem definition stage. Ewgproblem-based learning the problem is often
defined for the students. Increasingly, engineestoglents will graduate and work in a global
context. Even small organisations will expect tlegiployees to design for and trade with people
from many different countries and cultures. Engiimgehas the potential to ameliorate many of

the emerging problems that humanity faces todawdirtg increasing poverty levels, global
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warming, adequate and available clean water esdsdt has the potential to contribute to the
worsening of the current global crises. Studenézirie become aware of the complexity of the
issues that they will face and how engineeringtesl#o these issues. Problem definition becomes
even more key when the impact that engineeringheae on people’s lives begins to be
guestioned.

Catalano (2006, 2007) elaborates on this furthdreancording to him humanity is
facing two major interlinked challenges—the chajlemf poverty and under-development and
the challenge of environmental sustainability. Aciiag to Boff (1997) it is the same logic that
has led to the devastation of the environmentlidsibehind the exploitation of the marginalised.
It is also the poor who suffer most from the dedttan of the environment (Kanté, 2004).
According to Catalano (2006), technology and rapéaicelerating technical advances have
played key roles in the creation of these challsnged consequently, engineers have much to
say as to whether or not the challenges of powrtiysustainability can be successfully met.
Catalano (2007) highlights the links between engjiimg and poverty and environmental
sustainability in two case studies—one centrecherirhpact of global warming on the polar
bears of the Arctic and one focusing on the rolfailihg levees in Hurricane Katrina’s impact on
the poor of New Orleans.

A present and ongoing issue that highlights theoitigmce of problem definition in
engineering is the international debate about lkiofeLg., Connolly, 2008; Monbiot, 2007; Vidal,
2008). Biofuel is an issue that intimately linkgareering, poverty and the environment.
Biofuels have been seen as a part of the soluficountering global warming since its net
carbon dioxide imprint on the environment is zerogheen area of crops will absorb an equal
amount of carbon dioxide as that which the biofagtracted from the same crops releases into

the atmosphere when combusted. Both the Europesm dnd the United States have had an
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ambition to replace a percentage of their use sdifduels with biofuels. As a result, an

increasing demand for biofuel in the world hastlethrmers switching from food production to
fuel production. A decrease in food production wihtribute to an increase in food prices,

which has the greatest impact on the poor of thedwim addition, production of crops for

biofuel has led to the destruction of rainforeatsome parts of the world because forest areas are
cleared for fuel production. This is an ironic tixdnce biofuel is considered to be a good thing

for the environment. With food prices on a continnarease, the production of biofuel has
become a focus for debate. Some of the proponemts the British Government according to
Monbiot, 2007) of continued dedication to biofued@e that biofuels produced from crops are a
necessary step toward a second generation of isaftesated from cellulose.

It is important that engineers become more awatbeofmpact of their actions and
strengthening the problem definition abilities loé fprofession is a key aspect of this. However,
in order to successfully make this shift, enginewrasd to be humble, self-critical, reflexive, and
taking responsibility for their part in the problenvhilst realising that they cannot solve all af th

world’'s problems by themselves. Williams (2002) tiasfollowing to say about engineers:

Do [engineers] solve problems? The big problemshefworld—a list that

commonly includes the fragility of public healthssgms, globally transmitted
epidemics, international criminal networks, disaqeg species, terrorism,
the global arms trade, and the status of women f@hgust in science)—are
far too big for engineers to solve by themselvewjiieers may make useful
contributions, but they may also be less than uskfuey are implicated in

causing these problems in the first place, or éiytseek tidy solutions when

there are none. (pp. 29-30)
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It is important to seek a balance between thosmears who take no responsibility and believe
that the world’s problems have nothing to do witerh and who do not seek out the various long
term impacts of the technology they create, anddheho feel they may solve any problem—
without first fully defining it nor seeking inpunio the definition by those most affected.

Despite a growing awareness of the issues raiseeeaBeron and Silbey (2009)
highlights the difficulties related to the natufeaccreditation requirements facing new and
innovative initiatives in engineering educationt@eand Silbey (2009) summarise the findings

of a study they carried out in relation to thighe following way:

Cycles of reform have been a constant feature giherring education [in the
United States]. This study suggests that theseesyate endemic because
engineering begins with a particularly instrumert@ahception of responsible
preparation. The instrumental logic of engineermepeatedly undermines
educational reforms seeking to cultivate the cdjeacifor discretionary
interpretation and judgment at the root of profesal practice. Using
interviews with faculty at two new engineering egiés in the United States,
we show how this instrumental logic once again $ead retreat from
educational reform. Beginning with criticisms ofgameering’s failure to
produce innovative and socially responsible engsje@ew engineering
schools [Franklin L. Olin College of EngineeringdaBmith College’s Picker
Engineering Program] attempted to address direthly limitations of
instrumental rationality by creating curricula thabuld immerse students
from the very outset of their engineering educatiothe ambiguous work of
client-defined problem-solving. Rather than begithwhe expertise grounded

in mathematics and science and then teach how pty dpat knowledge
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through known techniques, both programs asked stside become inquirers
seeking knowledge, rather than implementers applknowledge. As the
programs sought legitimacy for their innovationsrotlgh professional
accreditation, however, the open-ended, exploratgoyocesses of
serendipitous learning were instrumentalized intoset of measurable
procedures for acquiring standard, scientific etiper as the essential

credential of the responsible engineer. (p.101)

In the light of Seron and Silbey’s study it becormaportant to consider the thought collective of

engineering and what is considered “common sense.”

Critique of common sense views of engineering

It can be argued that, as within any communityratfice, engineering students as well as
practitioners and educators live within some fofrficommon sense” that they have developed
from their teachers and books and from the extesmeill constructs of their societiaximise
efficiency, reduce costs,” for example, is congdecommon sense by most engineers working in
industry, and it becomes difficult to question asptions surrounding this view. Students and
engineers today largely work within, and unquestigly contribute to, the policies and agendas
of the socially accepted neoliberalist (Riley, 200&ro-development (Ferguson, 1990)
standpoint. This perspective equates technicallderent with human progress and assumes
that all people in all countries around the world kenefit from implementing Western-style
industrialisation. If one is to enable studentdewelop a critical questioning ability, and to
position themselves from a stance of social justicestioning the efficacy of these

developments, one needs to understand how these@osense views of engineering are
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developed and attempt to deconstruct them. Only dime is in a position to help students
guestion the real “cost” and “benefits” and “foravh” of current developments (Franklin, 1999).
These ideas can be framed with Fleck’s (1979) waorthought collectivesA thought collective,
according to Fleck, is “a community of persons nailjuexchanging ideas or maintaining

intellectual interaction” (1979, p. 39), and funmere:

The concept of the thought collective, as we ude investigate the social
conditioning of thinking, is not to be understocsl & fixed group or social
class. It is functional ... rather than substantald may be compared to the

concept of field of force in physics. (p. 102)

People can belong to many different thought callest but according to Fleck (1979):

The individual within the collective is never, cardly ever, conscious of the
prevailing thought style, which almost always egexh absolute compulsive
force upon his dic thinking and with which it is not possible to Iz

variance. (p. 42)

Fleck argues that stable thought collectives forowad organised social groups (such as
professional engineers), and “[if] a large grousexiong enough, the thought style becomes
fixed and formal in structure” (1979, p. 103). Heoaargues that “the longer a thought has been
conveyedwithin the same thought collectiube more certain it appears” (Fleck, 1979, p.)106
Polanyi is best known for his ideas abtadit knowingby which “we can know more

than we can tell” (1966, p. 4). While Polanyi se¢mbave been more interested in the act of
knowing rather than the nature of knowledge itsaliers have used his ideas to focus on the
latter by discussing tacit knowledge. One such gans Meyer and Land (2003) who identify

tacit knowledge as one of the different forms ofislesome knowledge relevant for their
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threshold concept theory which will be describedhiore detail below. In their work, they
develop the idea that students find thresholdleir tearning and tacit knowledge becomes a
barrier and one potential cause of these, to tivétiatied novice. They link tacit knowledge to
Wenger’s (1998) ideas about communities of pracfmeexample, different disciplinary
communities have their own shared, unspoken urateistgs and ways of doing things.

Both Fleck and Polanyi hint at dominant ways ofirsger understanding the world
within a given community of practice or thoughtleotive. Gramsci (1971) calls thi®gemony

or what seemsommon sens® a Community.

[It] is not a single unique conception, identicaltime and space ... Its most
fundamental characteristic is that it is a con@@ptvhich, even in the brain of
one individual, is fragmentary, incoherent and imsaguential, in conformity
with the social and cultural position of those nesse/hose philosophy it is.

(p.419)

Hoare and Smith (1971) elaborate on this by salyingcommon sense “is used by Gramsci to
mean the uncritical and largely unconscious wagyarteiving and understanding ‘common’ in
any given epoch” (p. 322). Hegemony, then, is ‘@cpss of social control that is carried out
through the moral and intellectual leadership dbminant sociocultural class over subordinate
groups” (Darder, Baltodano, & Torres, 2009, p. 42) “[tjhe hegemonic sense of the world
seeps into popular ‘common sense’ and gets repeadiere; it may even appear to be generated
by that common sense” (McLaren, 2009, p. 67). Thes,'‘tommon sense” which a group of
people share and understand is of course not ‘ataatimon” to everyone. According to Simon
(1992, p. 21): “[E]xisting, taken-for-granted ‘wagklife’ are value-laden human constructions

and thus open to critique.” In a similar vein, Fault spoke of a “regime of truth,” “a set of
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values and beliefs expressed in a discourse thas mat what can—and cannot—be said” (in
Somekh & Lewin, 2005, p. 2).

In previous publications (Kabo & Baillie, 2009b,1%), we have argued that
engineering may be considered a particular commuwfipractice, with an associated common
sense and thought collective. If engineers bliralyept, and do not question the “common
sense” that they work within, they will be partaothought collective that they were not even
aware of. All too often engineers are not in a fp@sito do this critical questioning as they did

not learn the skills in school. Simon (1992) exaaod the role of education in relation to this:

[If] education is to be a resource for a processuph which individuals
attempt to become subjects of their own experigpegagogical practice must
find ways of addressing not only the enchantmergrofndividual’s potential
for the acquisition of skills and knowledge, butvesll the development of
resources within which people can begin to chakengd transform those
relations which structure the available opportesitirom which to choose. (p.

19)

To help develop programmes for facilitating critit@nking in engineering students, inspiration

can be drawn from key scholars in the areeritical pedagogy

Freire and critical consciousness

Paulo Freire has been a key influence for mostatlipedagogues. His work stems from the
perceived need to develop a theoretical framewmdupport educational practice for a less
oppressive society. Here it is important to notd freire is not the only scholar who has had
concerns in this area. The critical theorists effnankfurt School, such as Theodor W. Adorno,

Max Horkheimer, and Herbert Marcuse, are exampieshers who have been important for the
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development of scholarship in this area (Arato &kserdt, 1982; Darder et al., 2009). However,
in the context of North America, Freire has beery wafluential. As the PhD project discussed in
this dissertation was carried out within this Noftmerican context and two of the instructors of
the three courses studied explicitly expresseddgaeiituenced by Freire and critical pedagogy,
critical pedagogy, and Freire in particular, waessn to help frame the courses and student
experiences studied.

In his seminal worlPedagogy of the Oppressigdm 1970, Freire put forward the core
of his framework—what he caltonscientizacdowhich “refers to learning to perceive social,
political, and economic contradictions, and to takgon against the oppressive elements of
reality” (2003, p. 35, translator’s note). In Esgjlithe term becomes conscientization, or the
process of developing a critical consciousnessd@agt al., 2009). Freire (2003) differentiates
between what he calltsankingandproblem-posingeducation. Banking education “becomes an
act of depositing, in which the students are thoditories and the teacher is the depositor” (p.
72). The relationship between teacher and studeotsarly hierarchical and “knowledge is a gift
bestowed by those who consider themselves knowddudigeipon those they consider to know
nothing” (p. 72). Banking education is not a wayadp students develop a critical
consciousness, but rather serves to preserveatus sjuo. Problem-posing education, on the
other hand, aims to break the hierarchical relatignbetween students and teacher and is a
vehicle for developing a critical consciousnesscakding to Freire (2003), in the problem-posing

“classroom:”

The teacher is no longer merely the-one-who-teadhgsone who is himself
taught in dialogue with the students, who in tulnlevbeing taught also teach.
They become jointly responsible for a process irictvhall grow. In this

process, arguments based on “authority” are nodownalid. (p. 80)
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This growth process takes the form of respectfdl mam-oppressive dialogue that aims to help

... people develop their power to perceive criticallg way they exish the
world with whichandin which they find themselves; they come to see the
world not as a static reality but as a reality imogess, in transformation. (p.

83)

However, in relation to the idea of using dialogisea pedagogical tool Day (in Baillie &

Catalano, 2009a) differentiates between takingsitipa and merely stating an opinion.

An opinion is not necessarily informed by any knedde of the matters upon
which one is opining. Anyone can have an opinioaualanything. Opinions
cannot be refuted, i.e., they can contradict otiignions without difficulty

since there is no shared basis for discriminatetgvben them.

Taking a position, on the other hand, means haatngast some knowledge
of that about which one is speaking, and espeaidliyhat others have said in
the past, and are saying now. We could say thahgalt position means
precisely showing that one knows what other passtibave been, are being,
and could be taken. This shared background is wiakes it possible for

positions to be compared, contrasted, and evalugiedO)

A key concern in Freire’s work was the role of tdppressed in society. Central to his reasoning
is that any true change toward a less oppressoietgdas to start with the oppressed. According
to Freire (2003), people belonging to oppressiweigs cannot do this and any attempts either
end up preserving the status quo or creating ngmespive relationships or at best this comes

across as charity. Freire was (initially) workinghwa class perspective that is clearly still very
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important today; however, his work has been useitsider various forms of oppression and
the approaches that education can take to empower.

When the term “critical thinking” or “ability to thk critically” is used in the context of
engineering, it is often assumed to refer to thigkilearly and rationally(Cederblom & Paulsen,
1991). This can actually result in the oppositevbat is intended in the courses studied in this
dissertation, as what iational, is often bounded within what c@mmon sensgithin a given
thought collective. For example, Day (in BaillieGatalano, 2009a, p. 10) argues that the
statement “Everyone needs a job so they can bagghimight seem a “logical” conclusion
within the hegemony of what seems common sensediiberal capitalism, but in fact, it can be
critiqgued from several angles, such as Marxism,jriesm, anarchism, and post-colonialism. Day

gives the following examples of such critiques aalile to the statement:

It takes for granted the existence of a capitaimdnomy, in which
individuals and communities are separated frormtkans of meeting
their needs directly, and thus are forced to gough the mediation of

corporations and markets.

Even within capitalism, it ignores the many possivays in which one
can meet one’s needs outside of the money econemy, through

delinking, local barter systems, and so on.

It reinforces capitalist individualism and consuiser.

It fails to consider the needs of those who camoitk for reasons

beyond their control. (in Baillie & Catalano, 2009a 10)

Emerging from critical theory, the term criticalrtking takes on a different and more urgent

meaning—the ability to see beyond what is consitlemebe “common sense.” Progressive
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educator bell hooks (1994) believes that “critittahking’ [is] the primary element allowing for
the possibility of change [within ourselves andistyg ... without the capacity to think critically
about ourselves and our lives, none of us wouldtte to move forward, to change, to grow” (p.

202). As an example, hooks (2003) reflects on megjve education:

Progressive professors did not need to indoctristudents and teach them
that they should oppose domination. Students cartlgese positions via their
own capacity to think criticallyfitalics added] and assess the world they live
in. Progressive educators discussing issues ofrialisen, race, gender, class,
and sexuality heightened everyone’s awareness efitiportance of these
concepts (even those individuals who did not slware perspective). That
awareness has created the conditions for concrteege, even if those

conditions are not yet known to everyone. (p. 8)

In addition, hooks argues that her experience aslanator has shown her “how easy it is for
individuals to change their thoughts and actionemiiey become aware and when they desire to
use that awareness to alter behavjpr'39). Her key point is that “where there is acdogsness
there is choice” (p. 39).

While awareness might be a necessary conditiooHfange, one needs to remember
that, for Freireconscientizacatad two dimensions: to come to see and to takera¢fgain
and again Freire has had to remind readers tha¢Vver spoke of conscientization as an end
itself, but always as it is joined by meaningfuhxis” (hooks, 1994, p. 47). Carr and Kemmis
(1986) point out that “a process of critique camsform consciousness (ways of viewing the
world) without necessarily changing practice inwald” (p. 144). According to Carr and

Kemmis, Habermas addressed this problem by puibivgard what he called critical social
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science, which is “a social process ... that goeshe@gritique to critical praxis; that is, a form of
practice in which the ‘enlightenment’ of actors @so bear directly in their transformed social
action” (p. 144).

Another way to think about critical consciousness eritical thinking is the use of a
critical lens for looking at the world. According Riley (2008c), “Marx and Engels introduced
the idea of class struggle as a critical lensriterpreting historical and current events,
emphasizing the importance of understanding stractarms of oppression” (p. 6). In this
dissertation, the idea of using social justice astical lens for engineers to look at their praet
and profession is explored.

To conclude, in order for students to begin tordeproblems and solve problems,
whether locally or globally, they need to be abl¢ekke a critical perspective and to question the
“common sense” of their own assumptions when dgalirth people from very different
backgrounds to their own. It is important for thenguestion even the very essence of what they

assume engineering to be.

Transformative learning theory

Asking engineering students to look through acaltiens has the potential to be a troublesome
and/or transformative experience since their idgédsemselves and their future profession are
likely to be challenged, i.e., it will not be edsy most of them. To develop understanding of this

key educational issue guidance can be drawn froamstormative learning theory” (TLT).

[TLT's] focus is on how we learn to negotiate arl @an our own purposes,
values, feelings, and meanings rather than those hewe uncritically
assimilated from others—to gain greater controlrower lives as socially

responsible, clear-thinking decision makers. (M»&jr2000, p. 8)
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Mezirow discusses three related meaning structufiesnes of reference, habits of mind and

points of view—which he defines in the following ye&

« A frame of reference is a “meaning perspectivéhe structure of
assumptions and expectations through which wer fdese impressions ...
[It] is composed of two dimensions, a habit of mimad resulting points of

view. (pp. 16-17)

* A habit of mind is a set of assumptions—broadnegalized, orienting
predispositions that act as a filter for interprgtthe meaning of experience

... [It] becomes expressed as a point of view. (7pp18)

* A point of view comprise clusters of meaning sohs—sets of immediate
specific expectations, beliefs, feelings, attitydasd judgements—that tacitly
direct and shape a specific interpretation andrdete how we judge, typify

objects, and attribute causality. (p. 18)

Who people are is closely associated with the feanfi@eference they hold and changing or
transforming these is often non-trivial. For Merir(?000), critical reflection is the key to any
significant shifts of frames of reference. However points out that “[s]ubjective reframing
commonly involves an intensive and difficult emotib struggle as old perspectives become
challenged and transformed” (p. 23). Thereforis, itnportant for educators to recognise the
importance of a supportive environment to facitatitical reflection and acting on any insights

gained (Mezirow, 2000).
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Educational Research

Overview of educational research in higher educatiand engineering

In this section an introduction and overview of eational research in higher education in
general and engineering education in particulgnien. According to LeBold (1980), in the
1980s research in engineering education in theedr8tates “often centered around national
studies conducted in response to demands for exagremgineering education in terms of
contemporary practices and anticipated changesa@gidl demands” (p. 406). The focus of
engineering education research was on parall@dmatand institutional efforts to collect,
analyse, and synthesise information in four aredsdesits, faculty, curriculum and instruction,
and systems (LeBold, 1980). Regarding engineetindesits, the research focused on assessing
students’ abilities and performance; retentiontoflents in engineering programmes; and
surveying employment, salaries and further educaifeengineering graduates. For faculty the
focus was on providing opportunities for contaigeowth and development. Regarding
curriculum and instruction researchers focusecherirhpact of computers, instructional methods
and student evaluation. Research on what LeBo#d tefas systems involved enrolment to
engineering programmes, degrees granted, employ@mathiprofessional activities. Overall, in
most of the studies LeBold surveyed quantitatiseaech approaches appear to have been used.

Jesiek, Newswander, and Borrego (2009) trace ld&eelopments and observe that:

While the “Neal Report” [from 1986] had suggestduitt research could
improve teaching and learning in engineering arfteSTEM disciplines,
renewed emphasis on the concept of “scholarshiphén1990s likely had an
even (greater impact on engineering education. B®ye&cholarship

Reconsidered1990) was especially influential. In addition tepanding the
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definition of scholarship beyond traditional res#ar(or “discovery”) to
include teaching, application, and integration, &oyhelped promote a
national, cross-disciplinary dialog about how tkeHolarship of teaching and

learning” could enhance the quality of U.S. higbéucation. (p. 40)

According to Streveler and Smith (2006) engineeadgcation research has gained momentum
in recent years and more people have moved indadibtiplinary area to conduct research. Jesiek
et al. (2009) have the following to say about saifihe underlying motivation and intentions:
“Our data reveals that while some participants exwdd a new research mission for the field,
many others held a more traditional reform- andfca-oriented view, linked to a desire for the
widespread improvement of engineering teachingleaching” (p. 39). One issue with

newcomers to the field is that educational rese@rdlite different from scientific and

engineering research and many engineering facuitywant to do educational research do not
have the needed knowledge and training to carryigotous research (Streveler & Smith, 2006).
According to a report from the National Researchiri@d (NRC) U.S. (in Streveler & Smith,

2006), scientific or rigorous research in educainoluding engineering education) should:

=

. Pose significant questions that can be answargyrically

2. Link research to relevant theory

w

. Use methods that permit direct investigatiothefquestion

4. Provide a coherent and explicit chain of reaspni

ol

. Replicate and generalize across studies

6. Disclose research to encourage professionaiisgrand critique (p. 103)

Streveler and Smith (2006) offer three recommendatfor how people wanting to conduct

engineering education research can meet the NRiglings for rigorous research:
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[1.] The purposeof engineering education research needs to exteyahid an
interest in improving an individual’s teaching, developing a specific
curriculum. In order to begin to answer fundamemfaéstions about how
students learn engineering, engineering educatesearch must take a
broader, “big picture” view, which may well includéudies conducted outside
of the classroom.

[2] In order to increase significance and generaliitgbof engineering
education research, the work must be tied to th@ogpiate educational,
psychological, or sociologicélheory.Faculty who wish to engage in rigorous
research in engineering education need to becomiéidawith this literature
or, better yet, partner with psychologists, edwtatesearchers, or other social
scientists, who can provide guidance on which cptuze framework might
be most appropriate for the question being asketgenMrue collaborations
between engineering faculty and learning and sosiédntist are formed,
research in engineering education camntributeto learning theory, not only
be informed by it.

[3.] Faculty should know that the methods of educatioesearch are often
different from themethodsof engineering research. ... thus engineering
methods will not always work when answering edwuteti questions. Faculty
should get guidance on the appropriate measureset@o answer a particular

question. (p. 104)

While formalised educational research might bdatixely new phenomenon in the field of
engineering, it has been performed in other dis@py fields for a long time, for example

science education became a separate researcHidesaipthe 1970s (Fensham, 2004). Johnson
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and Christensen (2008) gives an overview of theglgeneral approaches used in educational
research—the qualitative approach, the quantitapgroach and the mixed approach. Each of
these three serves as an umbrella for researcbagms and methods that share some central
characteristics. The qualitative and the quantigadipproaches are polar opposites while a mixed
approach—as the name suggests—merge characteiristicthe other two. An overview and
comparison of the three approaches can be foumdtte 1. According to Johnson and
Christensen (2008) quantitative approaches dondnatgearch for most of the last century, while
gualitative approaches first became seen as regpeclternatives during the 1980s. Mixed
approaches have only gained real legitimacy inmetmes, but have been used by practicing
researchers throughout the history of researclreBor Douglas, and Amelink (2009) report on

the type of research approaches preferred by emgngeeducation researchers:

While examples of all three approaches do exishiwithe pages of [the
Journal of Engineering Education], the empiricaufes for an engineering
education conference described here show that &émeynot being used
equally. There appears to be a trend towards teeotiguantitative methods,
and even within the quantitative area only certgiproaches are deemed to

be worthwhile. (p. 63)

Borrego et al. comment that due to the range okissinexplored within engineering education
they expected all three approaches to be repraesentbeir study. Due to the subjective nature of
the type of intimately personal learning experienegplored in this dissertation, i.e. adopting
social justice as a critical lens, a quantitatieeearch approach is not suitable, but rather a

gualitative approach is needed.
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Quantitative Research

Mixed Research

Quialitative Bsearch

is observed)

pragmatic view of
world

Scientific Confirmatory or “top-down” Confirmatognd Exploratory or “bottom-up”

method The researcher tests exploratory The rdseragenerates
hypotheses and theory new hypotheses and
with data grounded theory from data

collected during fieldwork

View of Behavior is regular Behavior is Behaviofligd, dynamic,

human and predictable somewhat situational, social,

behavior predictable contextual, and personal

Most common Describe, explain, Multiple Exploresativer, construct

research and predict objectives and describe

objectives

Focus Narrow-angle lens, Multilens Wide-angle adeep-angle”
testing specific focus lens, examining the breadth
hypotheses and depth of phenomena to

learn more about them
Interest General laws Connect the local Local,ipaler groups
and global and people

Nature of Attempt to study Study behavior Studyauebr in natural

observation behavior under in more than environmestudy the
controlled conditions. one context or context imch behavior
Attempt to isolate the condition occurs. Studyitiple factors
casual effect of single as they operate together
variables in natural settings

Nature of Objective (different Commonsense Subyectpersonal, and

reality observers agree on what realism and sgaiathstructed

Form of data
collected

Collect quantitative data
based on precise measuremen
using structured and validated
data collection instruments

It

Multiplerfer

Collect qualitative data such as
in-defgttviews, participant
observation, fietes, and
open-ended questitims.
researcher is the primary data
collection instrument

Nature of data

Variables

Mixture of variables,
words, and images

Wagritnages, categories

Data analysis

Identify statistical
relationships

Quantitative and
gualitative combination

Search for patterns, themes,
and holi$gatures

statistical significance of
findings)

Results Generalizable findings Provision of Pattidgstic findings providing
providing representation insider and represemasfansider
of objective outsider outsider viewpoints.
viewpoint viewpoints Present multiple perspectives
Form of final Statistical report (e.g., with Mixeipf Narrative report with contextual
report correlations, comparisons of numbers and crigon and direct quotations
means, and reporting of narrative from researcticzants

Table 1: An overview and comparison to the thraeegal approaches to educational research

(adapted from Johnson & Christensen, 2008, p. 8ddwvith permission)
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According to Johnson and Christensen (2008) theréivee major types of qualitative research
approaches: ethnography, case study research,dgatineory, historical research and
phenomenology. All these approaches have theindistharacteristics and roots. Johnson and
Christensen (2008, pp. 48-50) categorise the fga@aches as follow [with examples adapted to

the context of engineering]:

« Ethnography — is the form of qualitative resedtwit focuses on describing
the culture of a group of people. Note that a celtis the shared attitudes,
values, norms, practices, language, and mateiiayghof a group of people.
[An example of ethnography could be for the redear¢o go and live in an
African community and study the culture and how tbeople in the

community deal with engineering problems.]

» Case study research — is a form of qualitatiseaech that is focused on
providing a detailed account of one or more caffeg. a researcher] might

study a classroom that was given a new curriculumtefichnology use.

* Grounded theory — is a qualitative approach tagating and developing a
theory from data that the researcher collects. [@ample, the researcher
might collect data from students that have dropped of engineering
education and develop a theory to explain how ahg this phenomenon

occurs, ultimately developing a theory of studewipeout.]

* Historical research — research about eventsdbetirred in the past. [For
example, the researcher might study teaching pesctiised in engineering

schools in the nineteenth century.]
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» Phenomenology — a form of qualitative researchwhich the researcher
attempts to understand how one or more individualgerience a
phenomenon. [For example, the researcher mightviete 20 engineers and

ask them to describe their experiences of gettiag first job.]

A sixth important area of research not mentioneddiynson and Christensen is
phenomenography, which has its roots in phenomeggdiat differs in some important ways,
such as the focus on a collective rather than dirnigdual experience as discussed below.
According, to Booth (2002) it is important to cafesi how knowledge is characterised
when one discusses learning and teaching for utatheligg. The two dominant schools of
thought on this can be summed up as the ratioralthe empiricist schools. According to
Booth (2002), the rationalist school locates “kneage primarily in the brain or head, with
rational thought processes as the means of proglkoiowledge”, while the empiricist school
sees “objects in the world as the prime sourcenofiltedge, which humans can never
comprehend but can come to terms through experigiite world” (p. 1). Booth further
comments that the cognitivist programme of psycdtpplof the present times, where the computer
is a metaphor for human cognition, is a clear regmeation of the rationalist school, while the
empiricist school can be seen in the behavioursstement which dominated education in the
middle of the last century. In the former’s extrefman, the context of learning is basically
ignored as irrelevant in favour of models that désclearning and memory; while in the other’s
extreme form, the mind is ignored as irrelevarfawour of the correct behavioural responses to
given stimulus. The approach guiding this curresearch project—phenomenography—takes
neither of these stances but builds on both ansllgemvledge as being a relation between a

person and an object (Marton & Booth, 1997). Thiexpanded on in the next section.
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Phenomenography

According to Adawi and Linder (2005) the pedagobiedue of phenomenographic research lies
in its potential to improve teaching and learniygdiking the learner’s perspective and focusing
on the essential variation in ways that key corggpinciples and phenomena may be thought
about.

What is phenomenography? Marton and Booth putettiis (1997): “At the root of
phenomenography lies an interest in describingpll@omena in the world as others see them,
and in revealing and describing the variation timérg. 111). Etymologically, the word
phenomenography is derived from the Greek wplgsnemenomandgraphien which mean
appearance and description, respectively. Phenaynagplay is thus about the description of
things as they appear to people (Adawi & Linde20The initial development of
phenomenography was carried out by a Swedish &@sgaoup lead by Ference Marton in the
early 1970s. Since then many more educational rglse@ have contributed to the development
of phenomenography (e.g., Booth, 2004; Bowden &6y2005; Bowden & Marton, 2004,
Bowden & Walsh, 2000; Prosser & Trigwell, 1999) aaday the field is quite diverse with
significant variation between leading phenomenogeap

In phenomenography a fundamental distinction iseria@tween two perspectives—the
first- and second-order perspectives (Adawi & Lin@905). From a first-order perspective
phenomena are described such as they are seepeasiesmced by experts. This is the perspective
taken by, for example, a physicist or an archaésiogrom a second-order perspective the ways
phenomena are seen or experienced by others amdébaels This is the perspective taken in
phenomenography (Adawi & Linder, 2005).

According to Marton and Booth (1997): “The basimpiple of phenomenography is

that whatever phenomenon we encounter, it is egpeed in a limited number of qualitatively
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different ways” (p. 122). These different experiemor conceptions are neither psychological nor
physical. They are not located in the subject dheworld, but between these two, i.e.
phenomenography takes a nondualist position. F(&#@0) takes a similar position: “World and
human beings do not exist apart from each othey, ¢ixist in constant interaction” (chapter 1).
Descriptions of experiences are descriptions ofritegnal relationship between persons and
phenomena. They say nothing of a phenomenon’'shtitiee but how it is experienced by
humans. There is neither a complete, final desoriptor an unlimited number of descriptions of
a phenomenon. This is tied to the nature of awaeneccording to Marton and Booth (1997)
awareness has two important qualities. The firftas it is not possible to be aware of everything
at the same time in the same way. If it this wassiiide then there would be no variation in
experiences. The other is that people are awaggeanfthing at the same time although not in the
same way. Thus, “the different ways of experien@mghenomenon reflect different
combinations of the aspects that we are focallyrawfat a particular time” (Marton & Booth,
1997, p. 126). If the number of ways of experieg@phenomenon were infinite then people
would live in different worlds, being unable to comnicate with each other. Since this is not the
case the number of ways of experiencing a phenomenst be finite (Marton & Booth, 1997).
Communication between humans is an act of co-omati negotiation of meaning.

Marton and Booth (1997) develop these ideas fultiesuggesting that an experience

has astructuraland areferential(or meaning) aspect, which they define in theofelhg way:

To elaborate first on what we mean by structurpkats we need to point out
that to experiencing something in a particular wagt only do we have to
discern it from its context ... but we also havaisrern its parts, the way they
relate to each other, and the way they relate @¢ovwthole. ... The structural

aspect of a way of experiencing something is tiuegdld: discernment of the
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whole from the context on the one hand and discentirof the parts and their
relationships within the whole on the other. Moreguntimately intertwined
with the structural aspect of the experience is tbferential aspect, the

meaning. (p. 87)

They then differentiate the structural aspect ferthy suggesting “[tJhat which surrounds the
phenomenon experienced, including its contoursgaildts external horizoritalics added]. The
parts and their relationships, together with thetcors of the phenomenon, we callirtternal
horizon(italics added]” (p. 87).

Another side of this is that the ways of experiag@a phenomenon are not only
connected to individuals, but they exist on a @il level as well. In fact, in phenomenography
the collective level is what is the most importaince the aim is to find the various ways in
which people in a certain group experience a gegaenomenon and it is possible that
individuals only express some of the different wayfragments of ways of experiencing that
phenomenon (Marton & Booth, 1997). Thus, “the dgsion we reach is a description of
variation, a description on the collective leveldan that sense individual voices are not heard”
(Marton & Booth, 1997, p. 114).

As stated earlier, phenomenography focuses ovédniation. To elaborate: “The
objective of a study is to reveal the variatiorptoaed in qualitatively distinct categories, of way
of experiencing the phenomenon in question, regasdbf whether the differences are differences
between individuals or within individuals” (Marté&Booth, 1997, p. 124). Thus, the aim of a
phenomenographic study is to construct a systecatefjories of descriptioof a certain
phenomenon. This system is called dkcome spacelo be more precise: “The outcome space
is the complex of categories of description conipgslistinct groupings of aspects of the

phenomenon and the relationship between them” @a8tBooth, 1997, p. 124). Since a
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phenomenographic study always derives its desoriptirom a small number of people chosen
from a particular population—the system of categ®dan never be claimed to be a definitive
system. However, the goal is that the categoriesaldbe complete in the sense that nothing in
the collective experience as manifested in the ladipm under investigation is left unspoken
(Marton & Booth, 1997).

There are three criteria for the quality of a ataiegories (Marton & Booth, 1997).

The first is that the individual categories shoeddth stand in a clear relation to the phenomenon
under investigation so that each category tellsetbimg distinct about a particular way of
experiencing the phenomenon. The second is thaiatiegories have to stand in a logical
relationship with one another, a relationship thdtequently hierarchical. The hierarchical
structure is based on an increasing complexithéwtays of experiencing the phenomenon.
However, Green (2005) emphasises that categorigssufiption are not necessary always
hierarchical. The third and last criterion is tteage of as few categories as is feasible and
reasonable for capturing the critical variationthia data. In the end the description obtained “is a
stripped description in which the structure aneesal meaning of the differing ways of
experiencing the phenomenon are retained, whilsgkeific flavors, the scents, and the colors of
the world of the individuals have been abandon&tir{on & Booth, 1997, p. 114).

Since phenomenography focuses on the collectivereqes of various phenomena
the research material—e.g., interview transcripsstraated as one source instead of various
sources—th@ool of meaningMarton & Booth, 1997). When data—e.g., relevamtgs—is
drawn to create the categories of description tisen® need to reflect upon which source it came
from. Nevertheless, Akerlind (2005) points out that all phenomenographers use this approach,
but rather consider whole transcripts or large &buwof transcripts at a time, e.g., Bowden (2000)

prefers to deal with whole transcripts to avoidcdetextualisation of utterances. However,
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regardless of approach it is important to note tioaitonly categories of description, but even
their fragments, are distributed across individuglerefore, according to Marton and Booth
(1997) the data at the collective level are paldity robust compared with the data relating to
individuals. In other words data is drawn from widuals and are combined to categories of
description on the collective level. Even if it hide difficult or impossible from the data or the
whole study to conclude in which ways individuabgcts experience a phenomenon, the ways
in which idealised individuals do so can be abstéhdue to the overlap of the material seen at
the collective level. This also relates to the Uguactice of selecting a theoretical sample of
subjects to cover the group according to a preohetexd plan to maximise the variation in critical
respects (Marton & Booth, 1997)—in this study tima gor gender balance and a blend of
different personalities among the intervieweetodxtent it was possible.

When it comes to applying the results of a phen@mygrphic study Marton and Booth

(1997) put it like this:

[A] description of a way of experiencing might aph some sense across a
group, or, there again, might apply to some aspéen individual. To the
extent that the group represents the variation nafividuals in a wider
population (or is a theoretical sample of that pation), the categories of

description can also be said to apply to that wjbgulation. (p. 124)

However, as already has been stated the outcome speonnected to the test group and thus
there might be limitations of how much the categ®of description can be generalised.
Nevertheless, as has been repeatedly stated pheagraphy focuses on variation and according
to Marton and Booth (1997): “Even if the empiristtements about individuals or groups may

not be generalizable, the variation itself mightyweell turn out to be so” (p. 128). For example,
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in a study of the ways in which a group of Hungadad a group of Swedish secondary school
students understood a short story by Franz Kafkeas found that the variation was identical
between the two groups. Thus the variation foungh@nomenographic study might be
generalisable across different cultures (Marton@®, 1997).

When using a phenomenographic approach, reseatchéosput brackets around their
own conceptions of the phenomenon of study to miserthe effect of their own biases.
However, since phenomenography is an interpre@search method it is impossible to
completely remove the researcher’s biases and ehoéspecially in the quite artificial
construction of a set of categories of descript®ne way of reducing researcher biases is to
work in iterations with one or several colleagued aonstruct the categories together. Even
when a researcher is doing the analysis alondigare key to a robust outcome space.

Classical examples of phenomenographic inquiryrasestigations of conceptions of
learning where students with higher conceptiondessming “as seeing something in a different
way” as well as “changing as a person” (Marton,|'Bdla & Beaty, 1993) or even “changing the
person and the world” (Trigwell, Prosser, MartonR&nesson, 2002). Students with lower

conceptions see learning as “increasing one’s kedgd,” “memorizing and reproducing,”
“applying,” and “understanding” (Marton et al., 99

To summarise, a phenomenographic study aims tati@dariation in ways in which a
phenomenon is experienced by a certain group gilpemd describe this as a limited number of
qualitatively different conceptions. These conaapivary around key critical aspects and an

understanding of these and the way they are stedttan then help to create learning

experiences such that the students experienceahétion.
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Example of an outcome space

To give an example of an outcome space of a phemognaphic study, the categories of
description from a previous study (Kabo, 2006)\éaonducted are summarised here. The aim
of this previous study was to identify and desctheequalitative different ways in which
engineering physics students conceptualised teogypol echnology was discussed in interviews
with ten students and six categories were fourtierdata (the interviews). These categories
could be arranged in a hierarchical system, predentFigure 3. The first three categories form
one group, where the focus is on technologgragiucts The last three categories form another
group, where the focus is on technologyescessesThe higher categories represent a greater

and more complex understanding of technology tharidwer ones.

Category 1

Technology as artefacts with
certain characteristics

Category 2 Category 3
Technology as artefacts with &
purpose to satisfy certain
needs

Technology as how artefacts
work and are constructed

Category 4 Category 5

Technology as applied scienc

—
1]

Technology as an independer
craft

Category 6

Technology as reciprocal to
science

Figure 3: A phenomenographic outcome space witleat@gories of description arranged into a

hierarchical system (Kabo, 2006, p. 21)
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The transition from one category to another is rdy a change in one or more of central
characteristics. A person can be present in mane ¢ne category—which often was the case
with the interviewees. Different tendencies coubde observed in the results—these are
summarised in Figure 4. A quite obvious trend esttiansition from a very simple conception of
technology in Category 1 to a more complex conoegti Category 6. Another is the shift from
technology as something static and concrete to gongedynamic and abstract. Yet another is
the change in humans’ roles in relation to techgyplefrom passive observers to active creators
and developers. Here it can be noted that theaolieveloper is quite open—depending on the
category different names might be used: craftsmerntist or engineer. At the same time there

is a shift in focus from products to the actualelepment process.

Category 1
Artefacts with vague purpose Humans as Limited
and vague construction. observers Concrete understa
(passive) nding
Category 2 Category 3
Artefacts with clear purpose Artefacts with vague purpose
Product and vague construction. and clear construction.
. Also activities. Also activities.
Static
Humans as
Process Category 4 Category 5 consumers
Dynamic Process with clear purpose. Process with clear purpose.
Technology is independent Technology is inferior to
from science. science. v
v
Category 6 Abstract
Process with clear purpose. Humans as Greater
) ) developers understa
Tgchnology is reciprocal to (active) nding
science.

Figure 4: Overview of different trends and centthhracteristics in a phenomenographic

outcome space (Kabo, 2006, p. 42)
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Variation theory

A key aspect of phenomenography described aboxariation. Variation theory has emerged out
of the phenomenographic tradition over the lastytars (Bowden & Marton, 2004; Marton &
Booth, 1997; Marton & Tsui, 2004). According to Beard, Carstensen, and Holmberg (2007):
“Central to this theory is that we learn through &xperience of difference, rather than the
recognition of similarity” (p. 4). Booth (2004)lustrates this well in the following fictional

example of understanding the concept of the caledr

If an alien from another planetary system landed Earth and showed
themselves to have a physical sense of colour dwoncept of colour, how
would you teach them to distinguish red from thieeotcolours? One way, the
obvious maybe, is to show them red objects andthelin that they are red.
This would lead to a connection between the objettdhat colour and the
concept of red. But would they be able to distispured from the other
colours? Not unless the difference had been gragpetthat would mean the
teaching effort would have to bring red objectoittite alien’s awareness at
the same time as objects of other colour and tsendtion brought to focal
awareness. Now suppose that the objects to harahédeen’s building bricks
in a variety of colours, including red. Which wouldd the more effective — to
show red only in terms of one size and shape atiosl to blue and green and
pink bricks of different shapes and sizes? Wouldhdt be to risk that
particular shape and size being associated witmess] thereby losing
generality? No, surely, to show different shaped different sizes while
maintaining redness as a common feature is thetaaying about a general

awareness of red as a colour. To continue withédlsvef different colours and
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form would add to the effect. It iariation andinvariancethat are the key
points here. The concept of red is brought int@f@evareness by exposure to
a deliberatevariation in size, shape and type of object in relationlijiects of

other colours, while the property of redness inntanedinvariant (p. 14)

Central concepts in variation theory @iscernmentawarenessndsimultaneityandvariation.

“In order to see something is a certain way, agersust discern certain features of that thing.
We should also be clear about the difference betdeerningandbeing told (Marton,
Runesson, & Tsui, 2004, p. 10). Discerning is tivaty experiencing something which is crucial
for learning rather than passively being told. Tiléure ofawarenessvas discussed in the
previous section on phenomenography, but in shtig the totality of a person’s experiences of
the world, at each point in time. It is all thapigesent on every occasion” (Marton et al., 2004, p
18). There are two versions simultaneity—diachronic(experiencing instances that we have
encountered at different points in tinaé the same timeandsynchronig(experiencing different
co-existing aspects of the same thing at the sam#&"t(Bernhard et al., 2007, p. 4). All
phenomena are defined by their critical featuresg, &r a pen some of these are colour, shape,
size and type, and these features are subjeetriation. Marton et al. (2004) identify certain

patterns of/ariation:

Contrast [In] order to experience something, a person magierience
something else to compare it with. In order to ust@ad what “three” is, for
instance, a person must experience something shabt three: “two” or
“four,” for example. This illustrates how a valuéhrge, for instance) is
experienced within a certain dimension of variatiwhich corresponds to an

aspect (numeriosity or “manyness”).
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Generalization In order to fully understand what “three” is, waust also
experience varying appearances of “three,” for gtanthree apples, three

monkeys, three toy cars, three books, and so on.

Separation In order to experience a certain aspect of samgtland in order
to separate this aspect from other aspects, it narst while other aspects

remain invariant.

Fusion If there are several critical aspects that tleerer has to take into

consideration at the same time, they must all leenced simultaneously.

(p. 16)

The relationship betweatiscernmentawarenessndsimultaneityandvariation can be

described in the following way:

The kinds of capabilities we focus on are those ¢ngpower learners to deal
with situations in powerful ways, that is, to sitauleously ... focus on
features critical for achieving a certain aim. Hee we can only experience
simultaneously that which we discern; we can onigcefn what we
experience to vary; and we can only experienceatiari if we have
experienced different instances previously and lao&ling them in our
awareness simultaneously. ... So the three (or réle)y key concepts of the
theory are intimately linked, each of them beinguaction of another.

(Marton et al., 2004, p. 20)

The following closing remark clarifies the rolevariation in relation to learning:
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We are not arguing for variation in general, andase not saying the more
variation there is, the better the possibilitiedearn. What we believe is that
variation enables learners to experience the feattmat are critical for a
particular learning as well as the developmentestain capabilities. In other
words, these features must be experienced as donsn variation. (Marton

et al., 2004, p. 15)

Threshold concept theory

Threshold concept theory (TCT) (Meyer & Land, 2088)resents a relatively recent and
growing area in educational research. The assumptaxde within the TCT model of learning is
that there are in most, perhaps all, (disciplinkngwledge domains, certain concepts that serve
as gateways to further progress as learners aqedisvels of knowledge. The idea is that part
of the process of grasping a threshold concepiaisi€arners change the way they see the subject
or part thereof and potentially themselves (intretato the subject). The changes in thinking and
seeing are what open up previously inaccessible/letge areas. However, the process of
grasping these concepts might prove troublesomsdime learners, leaving them stuck and
unable to move forward (possibly for some time).

The term “concept” does not necessarily have tmtegpreted in the narrow sense of a
scientific concept. For example, social justicads a concept in the same sense as gravity or
complex numbers are concepts in engineering. Spgtte represents a way of seeing the
world. However, the metaphor of the thresholdilswsgeful for describing engineering students’
attempts to approach social justice. Meyer and L@AA3) raise the notion that there might exist
ways of thinking or seeing that will have the sana@sformative effect as their proposed

concepts.
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Part of grasping a threshold concept seems tovewble learner moving closer to how
people think within a discipline. In other wordseabhold concepts are likely to be key points in a
gradual shift from a novice mindset to an expertdsaét in relation to a subject or discipline. This

leads to the notion of “thinking like an engineer™thinking like an economist” etc. However,
the position maintained in this dissertation ig #@cial justice (as related to engineering) cannot
be seen in this light since it both originates wi¢tshe discipline and challenges the status quo of

the disciplinary community.

Threshold concepts 101: Suggested characteristics

According to Meyer and Land (2006a, p. xv) the idéthreshold concepts was first introduced
in discussions on learning outcomes as a way tifdisishing core learning outcomes that
represent seeing things in a new way from thosedihaot. Meyer and Land suggest that
threshold concepts are something special withintwizany university teachers would describe as
core concepts. Meyer and Land (2003) identify fjualities that seem to characterise threshold
concepts. According to them threshold conceptdikaly to be:transformative, irreversible,
integrative, bounde(define boundaries), arnicbublesomeThis is not a definitive list of required
characteristics and all threshold concepts willmetessarily display all five qualities.

The most distinguishing characteristic of threshmidcepts is thetransformative
qualities, since this is what sets them apart fcone concepts. Meyer and Land (2003) suggest
that understanding a threshold concept has thefiaitéo drastically shift how a person
perceives a subject or part thereof. Accordingaagin (2006a) this conceptual shift is coupled
with an ontological shift. “We are what we know.Wanderstandings are assimilated into our
biography, becoming part of who we are, how weasathow we feel” (p. 4). Meyer and Land
(2003) propose that in certain cases—such as agspspecific politico-philosophical insight—

the new understanding will result in a transforimatdf personal identity, which often involves a
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shift in values, feeling, or attitude. Thus, whithe comprehension of a threshold concept always
involves a reposition of the self in relation te ubject, it does not necessarily involve a
reconstruction of the learner’s subjectivity.

The perspective shift caused by the grasping bfeshold concept is likely to be
irreversible Meyer and Land (2003) mean that once a thregdwidept is understood it is
unlikely to be forgotten and will be difficult tanlearn. For some concepts the new transformed
perspective will open the eyes of learners forghithat they have not noticed before and once
something has become seen it cannot go back tg beseen. Cousin (2006b) gives the
comprehension of the concept of otherness by pedptexed race as an example of this. Meyer
and Land (2003) argue that this irreversibleneassneake it difficult for a subject expert who
passed through a threshold long ago to understengroblems facing those who struggle to
cross it—this is likely to be the case for manyctesrs and their students (Cousin, 2006b). Even
though a threshold might be unlikely to be forgotbe unlearnt, a learner’s conception of it can
still change. According to Cousin (2006b) a conerjgiht later be modified or rejected, but the
learner will act from an internalised understanding.

A third characteristic of threshold concepts ig thay ardantegrative they bring
related concepts and phenomena together in wayopsty unknown to a learner and expose the
hidden interrelatedness between these (Meyer & L20@3). An example of this might be that
grasping a feminist perspective is likely to helpaner bring together and relate previously
isolated notions and experiences, such as the diagie between men and women and the
traditional division of work in the home. Davie©(b) argues that threshold concepts due to their
integrative qualities help to provide coherenca Bubject.

A fourth characteristic of threshold concepts &t they often help tdefine the

boundariesof a subject area since they clarify the scopa siibject community (Davies, 2006).
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Meyer and Land (2003) mean that any conceptuakspéthave a finite limit with thresholds
into other conceptual areas. Part of masteringhteshold concepts that distingustthosen
subject area is the learner to move from beinguasiaer to the field of study to belonging to it
(Eckerdal et al., 2006), in other words moving framovice mindset toward an expert mindset in
relation to the subject.

The last characteristic of threshold conceptsasftiiey are potentially (but not always)
troublesomeEven though a threshold concept is not alwayshlesome this still seems to be
something that is very central to them. Both epistiegical and ontological obstacles contribute
to the troublesomeness of threshold concepts. ie(kB99, 2006) and Meyer and Land (2003)
discuss what they call troublesome knowledge aniditito threshold concepts. Perkins has
defined troublesome knowledge as something: “whjgbears counterintuitive, alien (emanating
from another culture or discourse), or incoherdrgofete aspects are unproblematic but there is
no organising principle)” (quoted in Meyer & Lan@(3, pp. 5-6). Mayer and Land (2003) and
Perkins (2006) suggest that there are five kindsoniblesome knowledgetual (e.g.,
memorising specific recipes for problem solvinghysics or engineeringinert (e.g., passive
vocabulary—it is something known but it cannot bftected upon or used activelgonceptually
difficult (e.g., knowledge that defies the logic of commomsseviews and experiences of
everyday life) foreignor alien (knowledge that comes from a perspective that oiflict with
one’s own, e.g., “presentism” in history—to lookh&ttorical events through present knowledge
and values—or potentially value systems that aregdalifferent cultures)andtacit knowledge
(knowledge connected to things that are takenfantgd within a knowledge domain without
ever being brought up to discussion or reflectidéngonsequence of this is that an expert
understanding of a threshold concept is likelyl&sie with a common sense or intuitive

understanding of the same concept. According tos{da2006a) this can hinder a learner in
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internalising the concept in question, and the @ss®f reversing an intuitive understanding can
be troublesome since it often involves an uncorafde, emotional repositioning. Cousin goes on
to argue that the difficulty of fully grasping a¢ishold concept is not necessary only inherent in
the concept itself but is also related to the leaemd the social context. Meyer and Land (2006b)
drawing on work of Elizabeth Ellsworth (1989), saeggthat students who cannot identify with
the image of “the typical student” (young, whitealy middles-class, heterosexual and so on)
might find learning troublesome due to an unconsc@nxiety about its transformative effects,
which in turn are tied to the common ways of thigkin our society. This is likely to be
reinforced in the case of threshold concepts, Hathto their transformative qualities and their
connection to expert ways of thinking within sultgear disciplines. Davies (2006) brings up
another troublesome consequence of threshold ctsaeg their connection to expert ways of
thinking, suggesting that once a threshold conisapiastered it becomes taken for granted by
practitioners in a discipline and hence is rarebdmexplicit (similar to an expert’s difficulty of
looking back across a threshold long crossed). islpsoblematic due to the fact that threshold
concepts are proposed to play a critical roleudasnt learning (Meyer & Land, 2003), and
therefore they need to be made explicit to theesttglor other non-experts. Despite their
proposed troublesomeness, Entwistle (in Bradb@&@&6cautions against seeing threshold

knowledge (concepts) simply as something thatiid tagrasp.

Liminality, liminal space, and variation

Due to the transformative qualities of thresholdaapts the process of internalising a threshold
concept can be seen as a transition from oneveliatstable state of knowing or being to another.
Drawing on the work of Carl Jung as well as ethapgic research, Meyer and Land (2005,
2006b) use the ternfigninality or liminal spaceo describe this transition. Liminality is a “sgéc

of uncertainty and flux that different learnerslwihvigate in different ways and with differing
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degrees of success; some might, for example, geit sthable to move forward, while others will
oscillate back and forth between different statdsowing, being, and seeing. Meyer and Land
(2005) suggest that in a Western context adolescesat be seen as a liminal state, a place where
the youth is no longer a child, but not yet an addeyer and Land argue that even though
temporary regression to an earlier state often éragpghere is no full going back. Land, Cousin,
Meyer, and Davis (2006) acknowledge that learneghthave to take a recursive approach to
their attempts to grasp a threshold concept. Amattiategy some learners appear to deploy in
their attempts to navigate a liminal space is miynaf the desired understanding or way of
thinking. Cousin (2006b) points out that while minyi can be a first step towards understanding,
it can also be a form of ritualised learning. Aseaample related to understanding otherness,
Cousin (2006b) observes: “that students can ‘dssexust as they can ‘do the Ancient
Romans™ (p. 140), i.e., while these students mighte learnt the definition of sexism they have
not truly internalised the concept into their wdseeing the world.

To better capture variation present in how studeatggate a liminal space, Meyer,
Land and Davies (2008) introduce different stafdsronality. They discusgre-liminal, liminal,
post-liminal,andsub-liminalvariation, that is, variation in the ways in whigtadents see the
concept come into focus, pass through the threshotde out the other side, and their
predisposition for knowledge building in the didirip.

Additionally, the introduction of variation in défent states of liminality serves to link
threshold concept theory to variation theory fraros, such as the one that have emerged from
the phenomenographic research tradition. Althowgfation might be useful both for
understanding differences in student learning artteiping students grasp difficult concepts,
central to TCT is that there are certain intergiietis and conceptualisations that are more

preferable than others and these are the transfoperspectives of those that have internalised
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the threshold concepts in question. According tydet al. (2008) there needs to be a
theoretical rationale that justifies particular ceptions of phenomena to learners in a discipline,
and this rationale is grounded in the ways of tiigland practicing characteristic for the

discipline.

Communities of practice and disciplinary ways of tinking

A reoccurring theme in literature on threshold apids that they usually seem to be linked to
certain disciplinary ways of thinking and practigife.g., Meyer & Land, 2003, 2005; Laatal,
2006; Davis, 2006). More precisely, the idea ofiggtstudents to start to think as the
practitioners of their chosen discipline seemsdaalzentral part of the threshold concept
framework. In other words, part of becoming a mendfe disciplinary community involves
acquiring a mindset characteristic of the discipiim question. According to McCune and

Hounsell (2005):

The ETL team coined the phrase “ways of thinkind practising” (WTP) in a
subject area, to describe the richness, depth amadth of what students
might learn through engagement with a given subpgela in a specific
context. This might include, for example, comingtéms with particular
understandings, forms of discourse, values or waysacting which are
regarded as central to graduate-level masterydegapline or subject area. ...
WTP can potentially encompass anything that stisdeatrn which helps them
to develop a sense of what it might mean to be gfaatparticular disciplinary
community, whether or not they intend to join aegivcommunity in the

future, for example, by pursuing a particular pssfen. (p. 257)
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Davies (2006) suggests that “ways of thinking Bubject necessarily entail particular ways of
practicing” (p. 70). McCune and Hounsell (2005)@ts in their study of WTPs in biological
science that “a sea-change in the biosciencesrdtideays of thinking about what was known
and understood within the field appeared to betliighterwoven with their practising of the
subject” (p. 284). Davies (2006) then emphasiseditik between joining a community and the
influence of a shared perspective within the digogpon the learner in question. According to
him:

The act of learning is an act of identity formatiém coming to see the world

in a particular way learners associate themselvgsavcommunity of people

who share that way of thinking and practicing ameugh this they position

themselves in relation to others inside and outsfdbat community. (p. 71)

Land et al. (2006) emphasise that from their pofntiew it is crucial that learners develop a
specific disciplinary mindset, i.e., in history ‘Jevwill wish our students not only to understand
‘how historians think,” but to begin to ‘think like historian™ (p. 199). Later Meyer and Land
(2010) pose the question: “How many times doesidesit have to interrogate historical texts
before an ontological horizon appears - the dawafrthe realisation of thinking like an
historian?” (p. 67). Their answer involves treatihgeshold concepts as the “jewels in the
curriculum” and focus education around these.

Opportunity costn Economics is a “popular” threshold concept egple.g., Meyer
& Land, 2003, 2005; Shanahan & Meyer, 2006) andbsansed to illustrate some aspects of the
threshold concept framework. Opportunity cost es\thlue placed on the most valuable rejected
alternative to a made choice. It emphasises tlates always comes at a cost. When something

is chosen other things are rejected or not premdti “Thus, if ‘accepted’ by the individual student
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as a valid way of interpreting the world, it fundammally changes their way of thinking about
their own choices, as well as serving as a tooliterpret the choices made by others” (Meyer &
Land, 2003, p. 3). However, the question is howyrgndents manage to internalise the full

meaning of opportunity cost when they first enceuittsince:

When the dust settles, most students leave thedinttory course never
having fully grasped the essence of microeconomitsls the opportunity
cost concept, so utterly central to our understamdif what it means to think
like an economist, is but one among hundreds adratbncepts that go by in a

blur. (Frank cited in Meyer & Land, 2003, p. 10)

Davies and Mangan (2007), who have studied potahteshold concepts in economics, do not
see threshold concepts in a discipline as a geblafted magic concepts (that presumably unlock
a fuller understanding), but rather as a web aiteel concepts that partly reflects the historical

development of thinking within a subject. They goto say:

We can illustrate the importance of the web of emts by looking at the
acquisition of the threshold concept of “opportyngost.” The analytical
power of this concept is only realised when itggediin conjunction with other
economic ideas. For example, an economist’s exptanaf the level of
profits in a perfectly competitive industry, and egonomist’s argument about
the desirability of free trade, would necessarityalve opportunity cost.
However, opportunity cost is not sufficient for aonomist’s perspective on
either of these issues. ... However, developing a whythinking that
embodies either one of these theories transformsugie to which a learner

may put their understanding of opportunity cost] aray also transform their
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perception of the relationship between opportunitgt and other economic

ideas that they have acquired. (pp. 722-723)

The web of concepts and the observation that mameasts of Economics fail to grasp concepts

such as opportunity cost may be linked to somenext&and et al. (2006) speculate that:

Students who do not think of themselves as “learnEEconomics” are likely
to face particular difficulties in grasping concgfitat bind together aspects of
a subject that may seem quite disparate to a noVibes problem arises
because the acquisition of such concepts (e.g.oroppty cost, price and
value, equilibrium) is intrinsic to grasping the ygain which economists

“think” and practice. (p. 195)

In a latter publication, Meyer and Land (2010) exgban this further:

[W]hat emerged in this context was what was peszéby tutors as a “lack of
commitment” on the part of students who charaatdrihiemselves as “being
there to study Economics” but did not see themselas “students of
Economics.” In this instance the necessary prelmiontological shift

required for the programme was not deemed to tekentplace. (p. 75)
The key term here is preliminal ontological shiftish Meyer and Land (2010) describe as
follows:

[T]he preliminal ontological shift creates a receptpredispositiorbeyond
tacit understanding of the “underlying game” whjptepares the student for

threshold concept engagement. (pp. 74-75)
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In other words, the essence of what Meyer and laaadaying is that students’ attitude to and/or
conceptualisation of the profession for which thlegrammes are preparing them will influence
how easy or difficult it will be for these learndcsinternalise the threshold concepts of the
discipline or acquire the ways of thinking and picieg of the discipline. Meyer and Land (2010)
contrast the experiences of the economics studegrtsioned above with that of medical
students, who usually are more distinct in theib#ion to become physicians. Meyer and Land
suggest that medical education often is very ssfaki initiating students into the disciplinary
community of physicians. The following descriptioffiers a good illustration of the socialisation

process the medical students undergo throughe¢hleiation:

[T]he carefully choreographed sequences of humdawneur involving (for
the student) a transformative rite of passage ginméing tolook like a doctor
(white coat, stethoscope, neat groomirtglk like a doctor (what we refer to
as the discursive aspect; elaborated use of laegiragreasing use of medical
terminology and languagegct like a doctor (professional demeanour, clinical
detachment, bedside manner, as variously exhibitedward rounds, in
eliciting a clinical history, performing a physicakamination, presenting
clinical cases), andthink like a doctor (hypothetico-deductive and
probabilistic reasoning, reaching a differentisdgtiosis). (Meyer and Land,

2010, p. 74)

This description resonates with the previous atatf Davies (2006) that learning is an act of
identity formation—the medical students form a ridentity of being a doctor. Also, it suggests
that an educational environment that helps studémislop and reinforce a positive attitude to

and conception of their chosen profession willlfete for the students to grasp the threshold
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concepts of the discipline. Overall, it seems diffi to separate the discussion of threshold
concepts, ways of thinking and practicing, andiglsary communities since they are dependent
on each other and almost have a reciprocal rektipnThreshold concepts help develop WTPs
and WTPs facilitate the grasping of threshold cpteeVeyer et al. (2008, p.67) highlight these
relations but also suggest that if there are cetitrg schools of thought within a discipline this

might have consequences for some learners tryiingdmalise certain concepts:

It is in the nature of disciplinary thought, or tphessibility of identifying a
community of scholars, that the threshold concegiich are developed by
those scholars stand in a distinct relationshipeéeh other (Davies and
Mangan, 2007). They may complement each other,ifgra web of inter-
related threshold concepts, operating togetherdwvige an episteme (“way of
knowing”), or “underlying game” (Perkins, 2006).tAtnatively, in distinct
subsets, they may define contrasting schools afghbwithin a disciplinary
community, In either case, developing an understgnaf a previously
unfamiliar threshold concept involves further tfansation in understanding
of threshold concepts with which the learner igadly familiar. An individual
may, for example, move from one school of thoughtahother within a

discipline, re-working their previous understandaidhe discipline.

Rowbottom (2007) has critiqued the theory of thodgltoncept (Meyer and Land, 2003, 2005)
for not clearly defining what a concept entails amectly what characteristics make a “threshold
concept” unigue compared to other concepts. Intimdihe expresses scepticism toward the idea
that learning certain concepts is enough to devedofain abilities. He also questions if

transformative qualities are something unique teghold concepts—in his mind all concepts are
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transformative to some extent. Much of this criticiseems to come from a positivist point of
view. Ray Land (personal communication, June 18820nho has a postmodernist background,
points out that in his mind threshold conceptsratdimited to a narrow, positivist definition of
scientific concepts, but are a fluid term that caveange of meanings. Entwistle (2005) expands

this by comparing learning experiences of studentéstory and economics.

Although individual concepts did not seem to have transformative
property found in economics, this changed way ofkihg did seem to act as
a threshold for students’ academic progressionistoty. ... There were also
some ideas that appeared to have the transformaffeet of threshold
concepts, even though the concepts themselvesease clear-cut than in
economics. ... In some subject areas, great stréaiglien learning outcomes
that involve the acquisition of technical concepsny such concepts can be
readily acquired from the explanations and examptesided but, as we have
seen, others create much more difficulty and yetcancial in opening up the
subject. These have been termed “threshold contepig this notion can be
extended to describe threshold ways of thinkingnéhufor example, in
history. Either of these forms of threshold can kedly change the

intellectual landscape seen by the student. (80j7-

On a similar note, Meyer and Land (2003) suggestithdisciplines where there is a lesser
degree of consensus on what constitutes a bodyavfledge (e.g., history compared to
economics), threshold concepts are less likelyetabntified. Nevertheless, they echo
Entwistle’s argument by proposing that there cdhb& certain ways of thinking and practicing

in a discipline that serve crucial threshold fuois that lead to a transformed understanding.
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According to Cousin (2006b) Cultural Studies (whiglanti-disciplinary in its nature) is an
example of a “community of practice” where it migitove difficult to create a system of stable
threshold concepts due to the sprawling and intigrdesputed nature of this area of shared
practice. Even so, Cousin suggests that the cond¢epherness serves a threshold function for
people entering into this area of practice. So wiremlooks beyond disciplinary differences,
what stands out as the unifying theme in thesaudgons is thenetaphor of the threshold
regardless whether it is connected to particulacepts, webs of concepts, or ways of thinking
and practicing. In addition, a detail that has patad most of the perspectives and points
brought up in this section so far, is the impor&asacial relationships have for acquiring the
transformed understandings passing through a tbiceghsupposed to bring. Rowbottom (2007)
seems to miss this aspect of the threshold corficapework. In addition, his argument that all
concepts are transformative to some extent may swite weight, but it seems that most of the
time the transformations proponents of the thrashohcept framework envision must be seen in
relation to the disciplinary community in questiéiirst and foremost, threshold transformations
relate to how learners understand and view theiseh discipline. However, according to Cousin
(20064a) this conceptual shift is coupled with atotmgical shift. “We are what we know. New
understandings are assimilated into our biograpbgpming part of who we are, how we see and
how we feel” (p. 4). Meyer and Land (2003) sugdgkat the magnitude of this ontological shift
will vary from situation to situation, concept toreept, and person to person. They argue that
going through a threshold experience (especiatBrimalising a specific threshold concept)
always involves a reposition of the self in relatio the subject, but it does not necessarily
involve a major reconstruction of the learner’sjeativity. While the threshold metaphor

potentially can be useful for illuminating variotypes of transformations that involve resistance,
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difficulty, or troublesomeness, it is usually (@ast in the main branch of threshold theory) linked
to the ways of thinking and practicing of a disiplty community.

McCormick (2008) introduces the acquisition (AM3athe participation (PM)
metaphors of learning and uses them as a lengkaliohow Meyer and Land (2003) present
threshold concepts. According to McCormick, the Aidw of learning “sees knowledge as an
object (e.g., a concept) that has to be acquirestuments ... and the more understanding they
have, the more their frameworks will replicate tbaan expert in the subject” (pp. 51-52). In
other words, from this perspective the key thingléarners is to “know more.” The PM view of
learning, in contrast to the AM view, “takes a meceial view of knowledge construction ...
knowledge is not an object but is knowing how tdipgoate in [a] community’s practices. One
important implication of this is that learning l&e‘coming’, ‘creating an identity’” (p. 52). In
other words from this perspective the key thingléarners is to “know differently.” McCormick
then concludes that Meyer and Land’s presentafidinreshold concepts takes on a mix of the
two metaphors, with an AM approach when discusdiagiplines where concepts are quite
definite such as mathematics and the sciences BiMl @pproach when discussing learning in
areas such as music, but most of the time the tetaphors overlap. McCormick uses the PM
metaphor to raise some points about threshold gesic®ne point is the service function some
subjects play in other subjects or disciplines,, en@thematics in engineering education, and how
this potentially leads to students developing défe identities depending on whether or not the
subject is their primary, e.g., being a mathematiciersus an engineer using mathematics.
Consequently, insights about a threshold in a stifijem one disciplinary community might not
be directly transferable to another community usirgsame subject. Another of McCormick’s
points is that classrooms are more likely to reftee community of practice of “learning” the

subject in question than the actual community atpce of the practitioners of the subject. This
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observation may have significance since one ofrthin underpinnings of the threshold concepts

framework is the idea that education serves asiaaree to specific disciplinary communities.

Hegemonic ways of thinking and practicing?

In the concluding section of their seminal papetloeshold concepts, Meyer and Land (2003)

acknowledge the following concern:

A further significant issue is that threshold cgotsemight be interpreted as
part of a “totalising” or colonizing view of the wiculum. Such a view would
point to the effects of power relations within ¢oufa with threshold concepts
serving to provide a measure, and exert a “noringfizfunction in the

Foucaldian sense (Foucault, 1979, 198@hosethreshold concepts then
becomes a salient question. These are non-trigiaterns and merit further

consideration.

At the time of writing, they have yet to follow @m this theme in their main series of papers
Threshold concepts and troublesome knowldtitgyer & Land, 2003, 2005, 2010; Meyer et al.,
2008; Land, Cousin, Meyer, & Davis, 2005). On ated note, Savin-Baden (2008) explores the
notion of liminality that Meyer and Land (2005) sde frame students struggle to pass over a

threshold—navigating the liminal space successfullget stuck in limbo. She observes that:

[M]Jovements away from liminal spaces tend to beslosdted differently and
are often seen as being eccentric, for example sthgonot to graduate
following a PhD but instead to make a quilt witlefrds, or carrying out a
peace ceremony at home to celebrate the resolutfora difficult and

troublesome conflict. Such ritual or symbolic exqmien are therefore often

hidden or have been moved into hidden spaces. resudt, these rituals are
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often marginal and seen as subversive of sociat@oihus, it might be that
liminality could be seen as ultimately hegemonicéduse it is used to
maintain rituals and the status quo—or might ittbat it is the ritualistic

practices that bring about liminality which in thesives are necessarily

hegemonic. (pp. 84-85)

She continues:

It might be that threshold concepts themselvesbamming hegemonic in

higher education. ... “[Elmbedding” threshold coneefrt curricula in an

epistemic may be problematic. This is because tbeeintoncepts might not
only result in disregarding the importance of leandentities but also may be
seen as creating or affirming a dominant narratvel as a means of
ritualising disciplinary practice. Thus it mighttioe possible to “become” an
engineer, lawyer or economist unless the studenphased over a number of

given knowledge thresholds. (p. 85)

Savin-Baden’s concern that threshold concepts eaarhe hegemonic is acknowledged by
Cousin (2008), who by drawing on the work of McCuamel Hounsell (2005) observes that “the
risk is of representing hegemonic WTPslesWTPs” (p. 263) and that this risk also is present
when identifying threshold concepts. According tm€in, this is why threshold concepts are
theorised as “provisional, contestable and cullysatuated” (p. 263). For example, “a
Keynesian economist and a Marxist one may propisteht threshold concepts for the
economics they respectively teach because theyduatedifferent views about what is central
to their subject” (Cousin, 2008, p. 263). Indeedchers’ “epistemological stance” or subscribed

“school of thought” will most likely be inducted mntheir students in addition to the subject they
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teach. While this line of argument might supponiba-hegemonic stance on the nature of
threshold concepts, from a Freirian (1970) persped does problematise power relations in the
local context of the classroom. In addition, theeaach reported on in this dissertation indicate
that dominant disciplinary ways of thinking canéed be hegemonic and that this in turn can
create thresholds for a whole discipline agairtstiahtive ways of thinking. Since threshold
concepts are envisioned to be linked to the WTRsdi$ciplinary community this is an important
point, and thus threshold concept researcherstogealy attention to the impact on a discipline of
“common sense” WTPs. Otherwise, there is a risktti@athreshold concept theory might help to
create conformist communities of practice whichimig turn lead to less dynamic and inspiring
learning environments which most likely will haveegative impact on students’ learning. This
would then go against the spirit of the threshadaepts movement since its mission partly is to

enhance student learning.

New ways of thinking

Meyer and Land (2006b, p. 25) relate the new wédgeeing that Einstein introduced into his

community of practice to the potential creatioradghreshold:

Einstein, in this instance, was not traversing r@ghold concept already in
existence,he was creating the thresholédind perhaps to a certain extent
creating his own liminality. It is feasible thatisiform of liminality may be
quite common to the process of conducting fundaatergsearch, which
creates new thresholds rather than extending droedting the domains
(boundedness) of existing ones. Indeed it might abgued all creative
movements in forward research share a similar tyuafi liminality as that

which appears within the Einstein story.
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In addition to being conceptually difficult, genkrelativity represents a very different way of
conceptualising space and time than the Newtonmynhmost physics students are used to. From
this example it can be speculated that the introginof new ways of seeing into a disciplinary
community can create new thresholds. Einstein wihsverking within the discipline of physics,
but came up with a new way of seeing.

Flanagan (2007) speculates that new thresholdarissin cross-disciplinary
contexts and observes that computer science andarputer science students, e.g., electrical
engineers, negotiate liminal spaces or cross thiéshelated to learning to program in different
ways. He suggests that a possible factor behisdghhat non-computer science students do not
“benefit from being in an environment that facdgitheir embracing of the ethos of the computer
science community and from the reinforcement oidewcomputing curriculum” (p. 2).

However, non-computer science students who sueghlssfoss the thresholds “move rapidly
into a mode of discussing their work in a manninilar to that of computer science] and can be
observed volubly attempting to take a partner ¢wverthreshold” (p. 4).

Flanagan (2007) observes that “[a]n increasatardisciplinarityis becoming a
common theme across the [engineering] discipliaped,is likely to involve greater enculturation
issues than those presented by present day disiploverlaps” (p. 6). Nanotechnology is
proving to be one such area. Flanagan speculaemthn interdisciplinary context threshold
concepts of one discipline might migrate into aeottiiscipline and for members of this other
discipline it might be even more difficult to susstully navigate the liminal space since they
will be less familiar with the associated disciplip ways of thinking. It is suggested that
guantum mechanics, which in recent times has st#otélter into other disciplines, is an
example of this, since it “is so strange that fanystudents, especially those outside a physics

department, it may be one of the disciplines thain overwhelming threshold conception” (p. 6).
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Closing thoughts on threshold concepts

A theoretical understanding of threshold concepill under development. However, Cousin
(2008) acknowledges that many of the ideas arduras$hold concepts have been theorised
before and ideas from previous work may be drawonup understand the new work arising
from studies of threshold concepts. Threshold cptscering focus to the notion that
epistemology and ontology—the studies of knowind being—are always intertwined and need
to be kept together. The ambition of Meyer and L&@D3, 2005, 2010) as well as others, seems
to be to create an overreaching theoretical framiewat can be used in many different
disciplines; but at the same time, they emphakizttihe way in which concepts are understood is
likely to vary from discipline to discipline and&v from concept to concept. Potential threshold
concepts have been put forward in a range of disef for examplegomplex numbers pure
mathematics (Meyer & Land, 2008)pportunity costn economics (Meyer & Land, 2003)ain

in medical science (Meyer & Land, 2005ignificationin literary and cultural studies (Meyer &
Land, 2003), andthernessn cultural studies (Cousin, 2006b). These corgapt very different

in nature, but share the potential to be both foarative and troublesome to learners in
respective disciplines or knowledge areas. AccgrtinCousin (2008) research on threshold
concepts represents a shift away from “how to tezsth something” to “what is best to teach?”
The ambition is to avoid a stuffed curriculum. $ifeo reports that threshold concepts have
shown to be a useful devise to make teachers balistaeaching and learning in their discipline.
To conclude, the idea of threshold concepts reptesm attempt to understand differences in
student learning and whether there are some cantieggitare more important than others in the
development of disciplinary thinking. The framewankght prove more suitable for some

disciplines than others. Savin-Baden (2008) suggést “[T]hreshold concepts are not
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‘concepts’ per se, they are troublesome spacegthatge in the life world of the learner that are

connected to their biographies and identities askrs” (p. 86).

Summary of Important Themes

In this chapter a range of perspectives and conaéfftameworks were explored in order to
situate and give context to the research projguirted on in this dissertation. Engineering and
engineering education were discussed in lightgrioaving awareness of the importance to
acknowledge the social impact of engineering aati¢hgineers might need an expanded skill set
(e.g., enhanced critical thinking and problem dé&éin) to participate in a constructive manner in
addressing the pressing issues of poverty andamviental sustainability humanity faces.
However, adapting new ways of seeing (e.g., sesngineering through a social justice lens)
might be nontrivial due to the “common sense” ptraked by existing thought collectives. There
are educational traditions, e.g., critical pedagadlgst are aimed at helping students develop the
ability to see beyond this “common sense,” but &zikbw (2000) observes “[s]ubjective
reframing commonly involves an intensive and diffiemotional struggle as old perspectives
become challenged and transformed” (p. 23). Thagnmeducational research area of
threshold concepts offers two ideas—the threshathphor and liminal space—useful for
framing this kind of transformative and troublesde@rning experience. In this dissertation the
interest is not in the more usual threshold “cotgelput rather threshold “ways of thinking or
seeing.” While ideas from threshold concept theogyuseful as framing devices, a research
approach is needed in order to study student leguexperiences. Phenomenography offers a
framework for developing a suitable approach. rlbxt chapter these frameworks are brought
together and operationalised into the methodolaglyraethod used to guide the inquiry of the

research project.
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Chapter 3

Research Approach and Scope of the Project

Suggesting social justice as a threshold for emging is one thing, investigating the same
suggestion another. For such an investigation twabged out, the different frameworks
overviewed in the preceding chapter need to beghtoiogether and operationalised into a
methodology and a method to guide the inquiryhla thapter the genesis, hypothesis,
methodology, method and progression of the resgaajhct reported on in this dissertation are

discussed.

Genesis and Hypothesis of the Research Project

The genesis of the research project reported trisrdissertation occurred in 2006 when
Caroline Baillie taught the cour&mgineering and Social Justice: Critical theoridg@chnical
practicesfor the first time. Baillie noted that studentkite the course appeared to move into
what Meyer and Land (2005) refer to dg@nal space which is a “space” of uncertainty, flux,
and transition between two different states of kimgwbeing, or seeing. Some students were able
to apply a critical social justice lens in discoss and assignments, i.e., they were able to pass
though the liminal space and were able to reacll¢iseed course outcomes. Other students had
difficulty changing how they thought about enginegrand technology and adopting alternative
views and can thus be said to have become stutle iliminal space. Yet others (the majority)
tried different ways of approaching adopting sojiatice as a critical lens and can be said to
have been moving back and forth in the liminal spamcertain of how to pass through. Clearly,
for most students in the class it was not triveestart thinking about engineering in terms of

social justice. Drawing on Meyer and Land (2003)illz hypothesised that for engineers, both
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practising and students, adopting a socially jessective to their practice and profession could
be seen as a threshold that needs to be crosseladilis transition might prove both
transformative and troublesome. This hypothegisflected in the following statement from an

engineering student who attended the course in:2008

QS13:This course has had a huge effect on my way akihg. Big time! ...

It really messed with my head. Sometimes | wasescty go to class because
| didn’t want to think about stuff ... | feel now thalook at things from a
different perspective or CAN ... | feel I'm going think more socially about
making certain decisions. But | think it could haa® impact on my success
within a company ... (SIGH) this course.l: A bit scary...?] Yeah most

definitively!

The title of this dissertation is therefofgeeing Through the Lens of Social Justice: a Tlolesh
for Engineering The aim of the research project was to understdrad can be done to help
students navigate this proposed liminal space abetter understand how courses such as the

one mentioned above shift students’ perceptiorengineering and social justice.

Research questions

The following three questions guided the inquiry:
* How can students be encouraged to adopt a sostaiguens toward their practice and
profession?
* What are the ways in which students vary in thppraach to taking a socially just
perspective to engineering?
* What is the variation between courses that tak@ti different approaches to a similar

goal of encouraging students to develop theiroaitihinking abilities?

102



Methodology

This study used an adapted phenomenographic frarkeembining elements from
phenomenography and threshold concept theory,dfatthich have focus on variation as an
important component. This allows for studying aeddalibing the range of experiences of a
group of (engineering) students approaching adgsatial justice as a lens for looking at
engineering practice. Below the relevance of esamméwork for the study reported on in this
dissertation are discussed as well as how they emrdined to a merged methodological

framework.

Threshold concepts as a framework for analysis

As described in the previous chapter, internalisiregthreshold concepts of a discipline is often
seen as part of the process of becoming a full memwibthe disciplinary community and at the
same time the preferred ways of thinking and peamdiof the discipline are acquired. This leads
to the notion of “thinking like an engineer” or ftiking like an economist” etc. Social justice (as
related to engineering) cannot be seen in thig Bgite it both originates outside the discipline
and challenges the status quo of the disciplinargraunity. However, rather than discarding the
threshold framework, this study will help to expaardl develop this aspect of the framework.
There are for example similarities to Meyer andd’arf2006b) story about Einstein and the
creation of a threshold when new ways of seeingrreduced into a community of practice.
However, this area of the framework remains largelgxplored and most work to this date has
focused on finding the threshold concepts of varidisciplines (e.g., Boustedt et al., 2006;
Davies & Mangan, 2007; Flanagan, 2007; Shanahare&dy] 2006; Lucas & Mladenovic,

2006).
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Baillie and Rose (2004) point out that “it is impeort to realise that for something to be
known, it must fit within the relevant communitydsradigm or thought collective” (p. 20). The
term “thought collective” originates with Fleck (29 and was discussed in the previous chapter.
Fleck suggests that thought collectives give sdistinct ways of thinking or what he designates

thought styles and that these have consequences.

It constrains the individual by determining “whatncbe thought in no other
way.” Whole eras will then be ruled by this thougbnstraint. Heretics who
do not share this collective mode and are ratectiasnals by the collective
will be burned at the stake until a different manleates a different thought

style and different valuation. (p. 99)

And when two different thought styles collide:

The alien way of thought seems like mysticism. foestions it rejects will
often be regarded as the most important ones, litblgms as often

unimportant or meaningless trivialities. (p. 109)

Wenger (1998) discusses, on a related note, pateatisequences of belonging to a community

of practice:

The understanding inherent in a shared practiagoisnecessarily one that
gives members broad access to the histories diomdawith other practices
that shape their own practice. Through engagencempetence can become
so transparent, logically ingrained, and sociaffjcacious that it becomes
insular: nothing else, no other viewpoint, can exeyister, let alone create a

disturbance or a discontinuity that would spur lirstory of practice onward.
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In this way, a community of practice can becomeohstacle to learning by

entrapping us in its very power to sustain our iiden(p. 175)

What both Fleck and Wenger are saying is that skebéished ways of thinking within a
community or group can serve as barriers toward krewledge building, i.e., potentialbreate
thresholds As an example of this, Baillie and Johnson (2008)studying the attitudes of first
year engineering students in a professional silélss, found that the students experienced
“professionalism” as a threshold. The view of eegifing presented in the class clashed with
some students’ perceptions, which were more aligviddapplying science to solve problems in
a classroom than the communication and collaboragquired in real world engineering. These
students could be said to form a thought colledti@sed on their high school experience and this
worked as a barrier when presented with a new wiegngineering. After some time in an
engineering programme, students will most likelgdrae part of a new thought collective
represented by engineering education. In line thighhypothesis presented above, we have, in a
previous publication (Kabo & Baillie, 2010), sugtggsthen that seeing through the lens of social
justice might prove to be a barrier for engineestglents who are in this thought collective.

In the same publication (Kabo & Baillie, 2010), also presented empirical support for
our suggestion of social justice as a barrier.rintsv data on this theme was gathered as part of
the study reported on in the next chapter. Studeate asked about what they felt hindered their
learning or what they perceived as barriers ta thiederstanding of social justice. As shown
below, the students experienced several thingh, dicd collective and an individual level, as

blocks or barriers toward adapting social justis@dens for their practice.

QS7: [In class] everyone kept bringing up efficiency.and | just thought

why is efficiency so important and my personal kofdconclusion was that
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it's because we have to make a profit and be, yomawkeveryone is taking
commerce classes or business classes that amegtalkout the economy. ...
So | feel like that concept being so prevalent ig/vthe environmental crisis
seems inevitable to me is that, unless we stop iggpWw mean we just can't
continue to grow and this idea of growth just ddeseem to get questioned.
... | mean | know people who are very environméyntadnscious and they do
their best and they’re really pro uh, they're vensitively favoured towards
environmental causes, but the idea of not growtilgseems just so hard to

imagine to them and I think those two things camfli

QS9: Especially in engineering where you're always tiblese are the courses
you need to take if you want to be a professiomgireer, here’s your core
curriculum and this is the way you're thinkingsl&ilmost like a little cookies
cutter, you just go along and you make little ergis and then you throw
them out into the real world. But yeah, once youfe little gingerbread
cookie cutter guy out there you have to realiseette@e so many different

viewpoints.

QS9: After the [traditional Canadian engineering] ceoemy | brought the
feminism aspect to say well why is it so male datéa and some people,

yeah, some people flat out said well that’s the waylways been.

QS5: | can see that this kind of engineering [pro basajot going to happen
without government sanction. You know liabilitiesyou cannot do anything
without being sued nowadays. So the fact that deatan do pro bono work

and are covered by the government, lawyers canrddogno work and are
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covered by the government, it should be extendegbtmiwill for any sort of

profession, but engineers should actually be calvere

QS10: I've really noticed that it's really hard to bredkwn some of those
taken for granted assumptions that people havetlaaidoften you really,
revert back into your old thinking patterns eveputh you're challenging

those kinds of things.

Some students felt that their previous experientdise engineering culture and engineering
education strongly emphasised money, profit makimg) efficiency as well as being conformist
and traditional. The students felt that all of #hesrved as obstacles for shifting engineering more
toward social justice as well as providing persafelllenges. In addition, approaching social
justice was perceived as having the potential abliring sacrifice, risks, doubts and discomfort.
Some interviewees also felt it was difficult to nredweyond the things they took for granted. It
can be argued that most of these perceived bacagrde tied to the culture of the engineering
profession and consequently these barriers madyldeise from the current dominant ways of
thinking and practicing in engineering. These obsgons provide support to the merit of
exploring the proposed hypothesis of the socidigaghreshold for engineering.

Due to their transformative qualities, the processfanternalising a threshold concept
can be seen as a transition from one relativelletstate of knowing or being to another. Meyer
and Land (2005) use the tertmainality or liminal spaceto describe this transition. Liminality is
a space of uncertainty and flux which differentihess will navigate in different ways and with
different success, some might, for example, getkstimable to move forward while others will
oscillate back and forth between different statdsnowing and being. The idea is useful to

illustrate the variation in how different studeptegress towards adopting social justice as a
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perspective to problem solving. The liminal spatwhich students hover for several weeks, not
knowing whether or if they will eventually passdhgh the portal into new territories, is explored
in detail in this study. In addition, the discussaf the liminal space is expanded through the use
of Meyer et al.’s (2008) idea of pre-liminal, linsihand post-liminal variation, that is, variation i
the ways in which students see the concept coradanus, pass through the threshold and come
out the other side. In a previous publication (K&bBaillie, 2009a), in order to better capture the
fluid nature of a liminal space, we re-framed #wsnewhat by introducing the notion of a
continuous liminal spectrum that goes from a pmérial state to a post-liminal state. A

visualisation of this can be seen in Figure 5.

Concept Concept
introduce! internalised

Post-liminal
state

Pre-liminal Liminal
state state

v

Spectrum of liminality

Figure 5: How different learners might navigatedahgh a liminal space
For the current study, threshold concept theoryiges two conceptual constructs: First, it
provides the metaphor for framing social justicadlreshold for engineering. Second and more

importantly, it provides the idea of liminality bminal space which is useful for framing the
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(learning) experiences of (engineering) studer&sgiting to approach and adopt social justice

as a critical lens for their practice and professio

Phenomenography as a framework for analysis

According to Marton and Booth (1997): “The basimpiple of phenomenography is that
whatever phenomenon we encounter, it is experiemcadimited number of qualitatively
different ways” (p. 122). In this study, socialtjas is the “phenomenon” of interest. Despite the
“mutability and multiplicity” (Riley, 2008c, p. 19f social justice, the idea is, based on the
arguments discussed in the phenomenography seatiba preceding chapter, that within a
given population (here the students of each catrgdied) there will exist, on the collective
level, a limited range of different conceptionssotial justice, which differ from each other
through variation in critical aspects. The aim gfheenomenographic study is to reveal this
variation and then construct antcome spaci the form of a system aftegories of description
of the phenomenon in question, here social justice.

For the current study, phenomenography providespanoach for mapping variation in
critical aspects of how, for example, social jusiie understood, on the collective level, among a
group of (engineering) students. Akerlind (2005)lains the strength and rationale of this

approach:

This focus on critical aspects allows structurdtienships to be highlighted
in a way that would not be possible if the analys@ised on every nuance of
meaning. At one level, each individual's experierafea phenomenon is
unique. But a simple descriptive collection of sudhique ways of
experiencing would be of little power or usefulnéssguiding educational

change. By contrast, the phenomenographic reseatdes to make the
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variation in experience meaningful, by searchingr fetructure and
distinguishing aspects of variation that appeaticali to distinguishing
qualitatively different ways of experiencing thenmsa phenomenon from
aspects that do not. The aim is to describe variati experience in a way that
is useful and meaningful, providing insight into avtwould be required for
individuals to move from less powerful to more pofwe ways of

understanding a phenomenon. (p. 73)

In addition, as a research approach phenomenogarhge argued to offer an edge that makes
it suitable for the exploration of the ways engiieg students understand social justice as they

attempt to adopt it as a critical lens. Marton Bodth (1997) observe that:

Phenomenography, when applied to the phenomena wlihalin established

disciplines, thus focuses on the meanings on whkiobwledge about the
different phenomena rest, especially in relationthe meanings that those
phenomena may have for the learner entering raspdatlds of knowledge.

The question of the taken-for-granted ways of erpeing phenomena is
largely ignored within the research effort in figlthat are stable; they are
generally characterized by contemporaneous selfeeti ways of seeing.
Sometimes, however, the very question of how aerfaihenomena are

experienced may turn out to be rather centraleditid itself. (p. 121)

Marton and Booth’ words suggest that phenomenografibrs a way to unearth the meanings
underlying these taken-for-granted ways of seeihighvallows for exploration of understandings

beyond them.
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A combined framework

Phenomenography and threshold concept theory (BGih) provide important aspects for
framing the research discussed in this dissertatibreshold concept theory, through the idea of
liminal space, provides a way to frame the studieiisiing experiences as they attempt to
approach adopting social justice as a lens. Furthie, the idea of different liminal states, which
we (Kabo & Baillie, 2009a) have recast as a limsgactrum, provides a basic structure for the
outcome space of the study. Phenomenography, astliee hand, provides the approach to map
the variation in conceptions of, for example, sbitigtice present among a group of (engineering)
students as well as a rationale for how to orgahisalata, i.e., identify a “phenomenon’s”
critical aspects. Both frameworks are united thiothge focus on variation in how students
navigate the liminal space associated with souakgtlge.

The outcome space of this study differs from thafseaditional phenomenographic

studies. However, as Dall’'Alba (2000) observes:

Even with those aspects of the research resultsatieanot presented in the
established format for categories of descriptiothe underlying principle of
describing ways of thinking about and understandiqpenomenon or aspect
of the world and presenting these findings as tl@nnoutcomes of the

research is maintained. (p. 98)

In this study the categories of description coroespto different positions along the spectrum of
liminality as students attempt to pass throughthheshold. The idea is that when learners move
along the spectrum they acquire increasingly compbamceptions or ways of seeing. A visual
representation can be found in Figure 6. Howewes,i$ not to suggest that the process of

crossing a threshold or navigating a liminal spac&ven more generally the process of learning,
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is linear. The mapping of the liminal space of abjtistice is in line both with the
phenomenographic idea that students can hold dex@reeptions of the same phenomenon

simultaneously and with the idea of oscillationviextn different liminal states suggested by

threshold concept theory.
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Figure 6: A conceptual model of a liminal outcorpace: a product of the combined frameworks
The proposed conceptual model, which combines sspéphenomenography and threshold
concept theory, allows for studying and descritilrgrange of experiences of a group of
(engineering) students approaching adopting spgéite as a lens for looking at engineering
practice. Their collective journeys across theghodd toward more complex understandings of
social justice can be mapped in the form of a lahvutcome space.

Another example of a research project that drawanshcombines the two frameworks

is an ongoing study funded by the Australian Leggriand Teaching Council. The researchers of

this project intend to:

1. Identify Threshold Concepts relevant to first-ygatheir discipline;

2. Conduct action research on variation in studenetstdnding of these
concepts;

3. Co-design learning activities informed by this wa#ion and the

Variation Theory of learning;
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4. Implement the design and assess learning outcands;
5. Re-design learning activities based on this theand evidence.

(Australian Learning and Teaching Council, n.d.)

These aims parallel those of the research praggatrted on in this dissertation and add merit to
the decision to combine the two frameworks by showhat this type of approach can be useful
in other contexts beyond the one explored in thasattation. The third point highlights how the
outcomes of the study, as per the variation thebtgarning (Marton & Tsui, 2004), have a
pedagogical value. First, a threshold is identifibeén, variation in different liminal states is
studied; and then the identified variation is uas@ pedagogical vehicle to help students develop
their conceptions of the phenomenon in questionbgrdbing so cross the threshold. An example
of how this can be done with social justice in eegiring is given in Chapter 7. Here the outcome
of an earlier study (reported on in Chapter 4) used in the classroom to help the students
develop their understanding of social justice, itavas the variation around the conceptions at
different places on the liminal space that allowidlents to move through the threshold. The
proposed conceptual model (Figure 6) can be useasiryictors to frame this type of learning
activities.

In a wider academic context, the combination aéshold concept theory (TCT) and
phenomenographic variation theory can be seereifolfowing way: Threshold concept theory
provides a way of identifying and framing potentiatansformative and troublesome areas of a
curriculum, phenomenography provides a way to samyidentify critical variation in students’
conceptions of the phenomena in these areas, aiatioa theory provides a pedagogical way to

make use of the identified variation to help stuggmogress in their learning.
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Method

In this research project data was collected thraugiixture of qualitative research methods:
interviews, focus groups, content analysis of stdssignments and in-class-observation.
Interviews were the primary data collection metheith student assignments and in-class-
observation constituting secondary data sourcesid=groups were used in one of the three
studies as a vehicle to bring in additional stugEmspectives on the group project component of
the course; this data was pooled with the internveta. The exact numbers and specific details
of each study will be discussed in the next thiespters; here the focus is on the general
approach used and common elements between eaghwstidsome specific examples to provide
illustration of certain points.

The ambition was to capture as many possible whifsriking about social justice in
each of the courses studied. Rather than tryingtéoview as many students as possible, the aim
was to get a diverse group of interviewees to ceps much variation as possible within the
context of learning. The number of interviewees west to around 10-15 (or fewer due to class
size) for each project to keep the amount of dataageable. Kvale (1996) comments that the
number of interviews needed becomes known firstnithe answer sought has been reached.
However, Kvale also advises against too many iigery since the research material becomes
difficult to handle except with statistical metho#towever, despite the ambition of selecting a
diverse group of interviewees, in some case exteomstraints put a limit on how diverse this
group could be. For example, at the second resa#rcfthe cours8ustainable Design Politics
and Culturé the standard ethics guidelines stipulated tHatatlents were to be given the same
opportunity to participate and thus initially thetdrviewees were self-selected. However, after |
had been present in the class for a few weeksstpoasible to approach and invite specific

students to balance (from my perception) the gafupterviewees. Generally in each study,
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interviewees were chosen based on gender, acad&uipline (if known), and how they
participated in the class (i.e., their apparergszi@om personality). However, actual class
composition also put restrictions on how diversedtoup of interviewees could be. For example,
in the study of the courdengineering and Social Justied engineers who participated in
interviews were male and all social scientists weneale due to the class composition. Also, the
technique of basing interviewee selection on oleskplass participation tended to favour the
more outgoing and active students of a class. Nlogtanding, | tried to balance this somewhat
by approaching more passive students later in stacly when | was more familiar with the class
and students in question.

The rationale for using interviews as the main sewf data, rather than, for example,
guestionnaires, was that interviews have the piaentallow more exhaustive answers. Also,
with interviews the researcher has more controlnnd@lecting the empirical data and is able to
follow up interesting themes that emerge. The ingsvs were semi-structured to allow the
conversation to take its course without too muelershg from myself, the interviewer. The
interviews were audiotaped and transcribed verbatim

In the cases where additional data sources weikablathe outcome of the inquiry
could to some extent be triangulated from thesmuarsources. Triangulation is one approach of
several where three or more different kinds of ddtare interviews, student assignments and in-
class-observation—are collected on the same issi@sed to shed light on each other (Somekh
& Lewin, 2005). This results in a more rigorousbnestructed outcome. However, in each of the
three studies the outcome spaces of how studesuglithabout social justice were drawn
exclusively from the interview transcripts. Clagservation and student assignments were used
to provide context to each study and to providelirgibout key pedagogical characteristics of

each class (see Chapter 7).
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The data gathered was analysed following the gpiesidescribed in the section on
phenomenography. Bowden and Marton (cited in BeenBaillie, 2007) explain how

interviews are analysed using a phenomenograppioaph:

All interviews were transcribed and the transcriptsbjected to rigorous
phenomenographic analysis. This involved one merobéne research team
taking responsibility for reading all transcriptdated to a given question and
devising a draft set of categories of descripticeameh from the transcripts ...

an iterative process was used to produce finalritens. (p. 3)

When relevant quotes were found these were higigligand collected to form a pool of
meaning. The selected quotes were then read thsmgiral times and the data was organised
according to the various themes that emerged. Tdweps of organising the data was carried out
in a series of steps which served to reduce angsftite amount of data used. This was done
slightly differently between the first study (coptiens of social justice in thengineering and
Social Justiceourse) and latter studies. In the first studgvant quotes were first highlighted
and then (what | considered to be) the essencaabf guote was written down on a Post-it™
note. These Post-it™ notes were then grouped aocpim emerging themes. The corresponding
guotes were then organised accordingly. Then asefiiterations of reading, reorganising and
reducing the number of quotes followed. In lattedies the Post-it™ step was not used. Instead
relevant transcript sections were marked and sirpil@cesses of reading, reorganising and
reducing followed. In each case the iterative psea®ntinued until the themes could be
formalised in a system of developed conceptiorsoofal justice spread out over the spectrum of
liminality. To increase rigour, the data and theeeging categories of description were

continuously discussed with the project superviand to some extent the professor responsible
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for the course under study. In the case of therlatudy of theengineering and Social Justice
course (perceptions of engineering) student assgisiwere treated in a similar manner as the

interview transcripts.

Chronicle of the Project

This section is intended to give a brief overvidvwih@ progression of the project reported on in
this dissertation progressed and to provide ingigbtthe three pilot studies that was carried out.
The duration of the project spanned roughly thiegry from January 2007 to January 2010, with

each year more or less corresponding to a digtimase of the project.

Phase 1

During the first phase, the focus was on mappinglmiresearch area and finding a focus for the
research as well as carrying out pilot studiesatoehskills needed for the research, such as
interviewing, and to try out different approacheslata gathering. Throughout the year three
pilot studies were carried out.

* Pilot 1 - This study was aimed at understanding what stadearn from problem
solving activities in the “real world,” in this casepresented by an exercise in which
students taking a structural analysis course wayaired to calculate the deflection for
an existing bridge in Kingston by visiting the lgedand taking measurements.
Observation of the students and two interviews waréed out, tape recorded and
transcribed. These were used to develop an appoecat interview skills and also to
begin to identify the ways in which students expriaeir experiences. Furthermore, the
preliminary data analysis facilitated an undersirag@f learning in terms of variation

and the structure of the students’ experience.
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Pilot 2 — In this study, the use of video recording anckwidecall was explored. Four
participants in an introductory physics course araestudents in the biological and life
sciences were filmed in the classroom while soling chosen problem and then during
a follow up interview they were asked to commentow they went about solving the
problem. This was followed by a discussion aboetdaburse and the student’s learning.
The outcome of this study was the decision to setwideo in the future since the video
component of the interview did not seem to helpréoall (Halimaa, 2001) of the broad
conceptual themes under study. It is a more use¢hihique for studying specific
behaviour of students in laboratories etc. It wasctuded from this study that audio
recorded interviews and observation would be adecasmthe main data sources and that
video was not to be used.

Pilot 3 — In this study the potential of concept mappingh@kin & Hay, 2000) as a tool
used in interviews which attempt to reveal variaiio conceptual understanding was
explored. Seven students in a solid mechanics edarsmechanical engineers were
interviewed about a problem dealing with combireatling they had solved during a
tutorial. Combined loading was chosen as a focubkeoktudy as the instructor had
observed that this was something that some studeetsed to struggle with and
therefore it had the potential to act as a threshs part of the interview the students
were asked to draw a concept map. However, basetyaxperience of trying the
technique in practice and after reviewing the cphogaps produced | decided that the
effort required to properly introduce the intervess to the technique in order to get
meaningful data did not make it worthwhile to pwsuny further. Audio recorded
interviews and observation were again concluddgbtadequate as the main data sources.

In addition, this pilot study also indicated thenbfit of as researcher embedding oneself
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in the context under study over a longer time floaha few class sessions, as | had done
in this study, in order to get a better understagaif the context in question.
This project was started with a broad interestrobfem solving in engineering education and the
emerging threshold concept theory framework. Initéaid there was an intention of applying a
critical perspective to the inquiry. By the fall 2007, social justice as a threshold for engineers
was chosen as the main focus of the study andebgritl of the year the courSagineering and
Social Justice: Critical theories of technologigaibctices(E&SJ) at Queen’s University had

been selected as an ideal first research study.

Phase 2

During the second phase, the focus was on coltgdita for the study and starting the process of
analysis and reporting. The first quarter of 20@& wedicated to the study of E&SJ as described
in Chapter 4. During, the second and third quartgrsnain focus was on analysing interview
transcripts. During this time the coursasstainable Design Politics and Culty(@DPC) at RPI
andScience, Technology, and Eth{8TE) at Smith College had been identified asablat
candidates for expanding and adding critical vemato the project. In September | relocated to
the United States to study these two courses cattly as described in Chapter 5 and Chapter

6. The fourth quarter was dedicated to these studie

Phase 3

During the third and last phase, the focus wasroshing up the analysis and reporting the
findings. During, the first quarter of 2009 the ER&urse was revisited for additional study in
order to expand the scope of the original studyirigy the second and third quarters my main

focus was on analysing interview transcripts frodP& and STE as well as student course
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assignments from E&SJ. During the fourth quartereahaining data analysis was concluded and
the process of reporting the findings in the forfnthis dissertation slid into focus.

By the end of January 2010 the project was condude

Some Concluding Words

In this chapter the various frameworks presentatiempreceding chapter have been brought
together and operationalised to into a conceptwalaiwhich combines key aspects of
phenomenography and threshold concept theory.cniseptual model provides framing and
approach for an inquiry into students’ navigatiéhe proposed threshold as well as how the
courses under study shift students’ perceptiorengineering and social justice. In addition, the
genesis and progression of the research projedideasdescribed. In the next four chapters the

outcomes of the project will be reported.

120



Chapter 4

Exploration of Engineering and Social Justice in &lassroom

What is it engineers do anyway? Vesilind (2006)rkea Florman’s (1976) answer to the question

in the following way:

Engineers build things. Their greatest job sattsfacis watching something
they conceive, design, and construct, actuallygoerfas intended. Samuel
Florman beautifully describes this joy as an “exigial pleasure’—existential
in that the process of doing something is independeits end use (Florman
1976). The end use of something does not mattehdoengineer, argues
Florman, and the engineer has the existential fn@etb do good engineering
and not be concerned about what the product olitjawiill eventually be

used for, or who uses it. The joy of engineerintpisnake knowledge useful.

(p. 283)

Vesilind does not agree with Florman’s somewhatavawision for the profession and argues for
the emergence of a new kind of engineering—peagmearing—"“rooted in the greater ideals
and aspirations of engineering as a service tofdumanity” (p. 283). Indeed, Florman'’s ideal is
a poor match for the increasing emphasis put omeaveas of the social impact of engineering
discussed in Chapter 2. In a similar vein, Williaf2802) comments that while many engineers
might identify as problem solvers, engineers casobte all of the world’s problems by
themselves. They need to understand both the lohitseir knowledge and abilities and the
value of collaboration with other professions arstiglines. Williams and Vesilind are not the

only ones expressing concern and critique of theitional approach to engineering problem
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solving. Others include Baillie (2006), Baillie a@étalano (2009a, 2009b, 2009c), Bhatia and
Smith (2008), Catalano (2006, 2007) Reader (20Rgy (2008c), and Zoli, Bhatia, Davidson,
and Rusch (2008). Riley and Baillie, in particulzayve attempted to address these issues directly
with students in order to facilitate the developtmarengineers in the future who have a more
holistic view of problem definition and problem giolg. However, moving students from their
“common sense” (Gramsci, 1971) position of the aflengineering, to entertain and assimilate
new lenses for their future profession, have beend to be troublesome (Baillie, 2002). For
students to overcome the perceived “thresholdsise can be made that students first need to
develop the ability to critically analyse and destonct “common sense” views of engineering.
This chapter reports on the study of a courseaina¢d to focus this process of critical analysis
and deconstruction through a critical social justens. The course fits into a wider tradition of
“critical pedagogy” or education centred aroundagastice that dates back to Freire (1970).

Bell (2007) captures the essence of this tradition:

The goal of social justice education is to enaldepte to develop the critical
analytical tools necessary to understand oppressidrtheir own socialization
within oppressive systems, and to develop a sehagamcy and capacity to
interrupt and change oppressive patterns and baisawvi themselves and in

the institutions and communities of which they paet. (p. 2)

The kind of critical reflection encouraged by teducational tradition is, according to Mezirow
(2000), key to any significant shifts of the franeéseference people hold. However, Mezirow
points out that “[s]ubjective reframing commonlyatves an intensive and difficult emotional

struggle as old perspectives become challengedransformed” (p. 23). In the work presented

here, the term liminality (Meyer & Land, 2005) isad to frame the process whereby students’
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conceptions of engineering and social justice hedlenged and potentially transformed. As the
course under study is interdisciplinary we haveestigated (Kabo & Baillie, 2009b) how it
challenged the view of engineers and engineerifdyighin respective thought collectives
(Fleck, 1979). The main aspect that distinguishesburse reported on in this chapter from the
ones in the two subsequent chapters is the stequigie focus on engineering and social justice
and the use of social justice as a critical lens.

This chapter is broken down in the following wéjrst, the context, thematic and
practical aspects of the course as well as tharesapproach used are described. Then, the
findings are presented in the form of a liminalcme space for social justice and emerging
perception shifts of engineering among the engingeand social science students in the class.

The chapter is concluded with a summary and softectiens.

The Course “Engineering and Social Justice” and Quen’s University

The coursdengineering and Social Justice: Critical theorigs@chnological practicevas
developed and first taught at Queen’s Universign&tla, by Richard Day (Sociology) and
Caroline Baillie (Engineering) in 2006. Queen’s ity was founded in 1841 and is today a
midsized university with a full range of programnfiesn engineering to the humanities. It is
considered one of Canada’s leading universities. gdnesis of the courimgineering and
Social Justicavas Baillie’s idea that it should be possible nalgise engineering in the same way
as has been done with science and technology @i#ie B. Catalano, 2009, pp. 13-27, for
examples).

Baillie asked the following questions: What is eregred? Who is it engineered for?

What happens inside engineering organisationg®tgitable? Does engineering have to
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contribute to capitalism to the extent it does,neattimes driving the extreme forms of
capitalism that are notable in some multinatiomghaisations?

Guided by these questions, Baillie and Day designeaurse in which engineering and
social science students come together to deveitigatperspectives toward technology in
general and engineering practice in particular. dhase is a second level elective open to
engineering and social science students of yed8aAd 4. As the reputation of the course
developed, the percentage of social science stsidEnalmost 50/50) and the numbers of

students taking the class increased (to a cap)of 30

The what

The two main approaches of the course were thendeemtion of the “common sense” of

current engineering practices and the creationtefretive practices which are non-oppressive,
non-capitalist, and ecologically sustainable. Trtesenes were explored through weekly readings
and other media such as film clips and guest spsake well as exploring basic definitions of
social justice and engineering, the course begantlyducing the students to key concepts
related to the social construction of technologcisty shapes technology) and technological
determinism (technology shapes society). The domieagineering paradigm of technological
and capitalist rationality was explored and crigddrom its rise during the Industrial Revolution
to its current phase of neoliberal globalisatioroliberalism, according to Riley (2008c), is
“capitalism that places ultimate faith in privat®perty, free markets, and free trade, privatizing
industries and lifting any government protectiongmade, the environment, labour, and social
welfare” (p. 7). Globalisation in this context ref¢o expanding these ideas beyond the Western
national state to a global market. Towards theiadart of the course, alternative paradigms were

explored through a series of lenses.
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The how

The class met once a week for a three hour seniedin.instructors were present at all times.
This enabled the students to see difference in whitsnking in action that made them feel more
able to question terminology or concepts that thdynot understand. Each class was split into
two sessions usually focusing on different topied eeadings with one of the instructors taking
the lead for respective sections. Often the instrdeading would give a short introduction to the
topic at hand and then open up the floor for ctassussion. Alternatively, a film clip or a guest
speaker would introduce the topic. The discussizere the main dynamic of the classroom
through which the week’s topics were explored,diutmes this was interspersed with small
group exercises. In addition to participating ia thscussions the students engaged with the
course themes by writing two critical response ¥ssad carrying out community based group
projects (in which they were to critically examielements of engineering practice). These essays
were of crucial importance to the development efgtudents’ thinking. Individual and detailed
feedback was given by each instructor to each studeence, two sets of feedback. The
students’ progress was discussed by the two irtetaiand interventions created to facilitate
learning in difficult areas. For example, in th@@Q0ncarnation of the course, after the first essay
the instructors decided to alter the focus of #moad. In this new and slightly revised
assessment task, the engineering students were @skanly deconstruct” and the social science

students to “stop deconstructing and to createraitives.”

Research Approach and Scope

A combination of research approaches were usdtkistudy of the course during the Winter
terms of 2008 and 2009. | took part in the class participant observer both years, conducted

interviews in 2008, and analysed student assigrsner&009. Two sets of semi-structured
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interviews were carried out at two different staffiest and second half) of the course. A total of
13 students from both engineering and sociologyigigated in the interviews—11 in the first
round and 10 in the second, with 8 doing both.dditton, four focus groups were held in
relation to the students’ group projects. Howetlegre was a fair bit of overlap in terms of
participants between the focus groups and inteisjiend in the end data was drawn from 14
different students. In both the interviews andftimis groups students were invited to explore
their experiences of learning to see engineeringutgh a lens of social justice. They were asked
guestions such as: “What was the course about?’atWlb you understand by social justice?”
“How does this influence your understanding of eegring?” The interviews were audiotaped,
transcribed verbatim, and then analysed using ageghenographic approach to create an
outcome space for social justice. In 2009, 30 studelf-reflections and critical essays were
collected and analysed together with the interi@nscripts again using a phenomenographic
approach to sketch out eventual shifts in studer@steptions of engineering. While references
are made to individual students, these should &e ae descriptions of trends in the student
collective and not the students themselves ashpgslienomenographic tradition. Quotations or
citations taken out of context can never reprefenentire category of description, nor the

perception shifts associated with these.

Outcome Space for Social Justice

When the students were asked to talk about or itbesehat “social justice” meant to them in
relation to the course and to engineering practices different conceptions emerged. These
conceptions are clustered together into five grabpsform different positions on a spectrum of
liminality—going from a pre-liminal state to bordleg on a post-liminal state. A key quality that

varies over the different conceptions is the sttglewareness of the complexities surrounding

126



social justice, which goes from simple and supgffio complex and deep. Other shifts are from
passive to active and individual to collective. Tive positions are illustrated by the quotes given

below and a visual summary can be found in Figure 7

. Taking action
e Charity for chang
‘Random , :
No characteristics Duty and Being RS -deconstruction
undertanding a’_ahd fragmented responsibilit respons-able and critical
Unde_r§t§anding analy_sfs
A participatory e
g ' “Trustee care” undertakini .
Position A Al'ﬁb-sitj_gn B Position C Position D T, _,.._.Posit'm)E
Pre-liminal state Liminal state Post-liminal state

Figure 7: The outcome space for social justicetf@r course E&SJ

Position A — Pre-liminal state before social justicomes into view: No understanding

Some students showed at times during the intervienar little understanding for various critical
aspects of social justice. This indicates thaeasti some parts of the threshold had not come into

view for them yet. The following quote shows this:

QS11:]In response to worker recovered factories in Atg] I'm really glad
| don't live in Argentina and | really think anybwah their right mind would
want to live in a society where even if you wergretr se seeing the profits,
you would want to live in a society where someoras w. | don’t think you
can just get rid of it [hierarchical workplacedkel they did in Argentina, |

would be surprised if anyone is happy with theatitin in Argentina.

This student seems to miss that the main reasdmscd@hy workers in Argentina took over

enterprises that had closed down during the colsntigonomical meltdown around the turn of
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the century were desperation and pure survivahanthecause they thought it was a better

system. The “common sense” of profit making is v&rgng.

Position B — At the edge of the threshold: Sociasfice as random characteristics and
fragmented understanding

At this position students spoke about social jesticgeneral terms focusing on random and

isolated characteristics which indicated a fragmeéninderstanding.

QS6: [In the first interview] | was trying to come upitty an exact definition
for social justice, but | don't think there is orahink social justice is more
about a broad concept than one exact definitibike one thing | remember
is the three accounting books. So that's import&otwhen you are making
decisions as an engineer you shouldn't just trgnget the bottom line... But
social justice is more than just engineering toikel think social justice

applies to politics and social justice is sort.df.is very broad...

QS2: Yeah, for sure like | always thought of socialtics as like going and
like feeding people like foreign aid and stuff litteat, my idea of social justice
now has changed in the sense that like it's brottther just foreign aid, like
you can do a lot of things like with our pro bonwjpct, it's not like we're

going to a third world country and helping themhnilheir cars and what not,
we're like helping people who need to be helped wod can have social
justice in your everyday life whether you live infiest world country or a

third world country.
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A conception focusing on random characteristicsoafal justice indicate that the threshold has
come into view, but that the students have nofuist entered it. They are at the border between

the pre-liminal and liminal states.

Position C — At the threshold 1: Social justice ssmething passive and one-directional

After the very fragmented conception of socialigestthe next position on the spectrum of
liminality found in the study is represented byraup of three conceptions similar in complexity

and characteristics.

Social justice as charity

Here students had a stronger focus on one thingabhesidered to be social justice namely
charity or a one-way transfer of something, thechgiiving. The critical aspect here is that there

is a giver and a receiver.

QS5: It is the same kind of idea for engineering, if dan’'t help them rebuild
their infrastructure, who is gonna rebuild it? Wisogonna educate them?

Show them that there is a better way?

QS9: If we did this [the interview] in week one, youdsk me: what's social
justice? I'd probably say charity. Like giving mgnand just, | don’t know,
helping out the poor person, walking by throw thewo bucks, that’s social

justice.

Social justice as duty and responsibility

In this conception the focus is more on the monaeanpinnings of social justice rather than on a

specific act. This manifests in having a duty cp@nsibility.
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QS1: The way | think about the environment is thatitere for everybody
and people after | die are still going to needfsfim the environment. In
terms of social justice, I'm thinking of generatiopast my own, what is there

going to be for them? What kind of beauty and vidirad of resources?

QS5: It all comes down to doing what is right. Do ydink it's right? Like, if
you saw someone weak being bullied by someoneeistiteet, would you do
something about it? Well, you should! Morally ydwosld do something about

it. It is having the moral courage to act.

QS13: Every human being has a responsibility to workamhsocial justice ...
When | think of social justice | think of not hagirany negative impact on

anything by anybody’s actions, and that’s obviousigossible.

Social justice as “trustee care” or telling peoplevhat to do

This conception of social justice is somewhat samib charity but the focus is less on giving and
more on a limited form of collaboration betweeneagiand receiver. The giver provides the

receiver with “know how” but maintains a positiochpmwer.

QS5: Instead of us going in and building it for themit's like a mentorship
program, apprenticeship as well. We take peopls filocal university] and
teach them how to do it ... So we don't do it, ve¢ tthem to do it and we pay a
local elder to pay workers to do it. We show themwho do it ... trying to
educate them not just doing it for them ... We hiaeraction with the local

population. Obviously we want to build trust. Withdrust nothing happens.
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The three conceptions in this group represent ginitple ideas and to some extent
misconceptions, e.g., Marullo and Edwards (200Q)reasise that while social justice aims to
change an unjust structure, charity, whilst neggsaad important, provides only a temporary
solution that often ends up reproducing the statisrather than challenging it. The students are
at the threshold and try to navigate the liminacsgy but some of them might get “stuck” at less

complex conceptions of social justice.

Position D — At the threshold 2: Social justice asmething active and participatory

After the previous group of conceptions of soaistice, the next position on the spectrum of
liminality found in the study is represented by #weo group of three conceptions similar in

complexity and characteristics, but more complex.

Social justice as taking action for change

The critical aspect of this conception of sociatice is that students have realised that only
having a responsibility or providing help or “kndwew” is not enough and that more direct

personal action is needed for truly promoting dgastice.

QS12: First of all when you know something, when you dnélve knowledge

you can start thinking about what choices you wantake. So you take a
choice, you decide to get involved and once youarakhoice even then you
still have to take action. It doesn't matter, | kbmake the choice to go help

someone, but until | actually do it | haven't rgallone much, right?

QS8: At the same time | do think that you have to fesdsionate about it and
| sort of realise the things that | do feel pasatenabout, it's not enough to

just talk to them, talk about them to my friendsatt| should actually be
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seeking out people who might feel the same way whd are, you know,

wanting to put together different initiatives to slemething about it.

For this student the taking action part is alsticai but the action itself involves collaborating

with people to actually change how things work.

Social justice as being response-able

To be response-able means being aware of the asrsess of different actions and trying to
respond accordingly, i.e. to be able to respone. drhtical point here is the combination of

awareness and corresponding appropriate action,ietlee necessary action is not clear.

QS7: | feel that what | understand of social justicevisat I'm doing is at the
expense of others as opposed to this is what bdwelp others, this is how
social justice works to help people, so | guessamycept is this is what |
need to stop doing, this is what | need to stogropieople from doing and this
is like, this is the system | need to understardl @mderstand how to change
and | understand less about what to do as an atteenyou know like how to,

| just know that what is happening is unjust.

The following student focused on a specific issupdint out the link between awareness and

appropriate action.

QS3: 1 don’t think that you can geographically just kot one thing and see if
it benefits, like have that as your scope, becahsee can be a lot that
happens because of that outside of there. Like rigtv garbage is shipped to
other countries and thing like that. If you justked at Canada, you'd be like:

“oh yeah we are doing pretty good for waste in @ariabut maybe that's
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because we are shipping it to other places. Sk tih is completely global

scale, especially in this day and age with techmpotbat we have.

Social justice as a participatory undertaking

The critical aspects of this conception are thange comes through collaboration and that

power relationships between patrticipants need tevsdled.

QS8: You realise that social justice can’t come frone @md it has to, it's a
dynamic process where you have to communicatepeitiple ... collaborating
with different people and their ideas to synthesilé¢hese ideas and to make

sure that you know whatever practice you're doimgrgone benefits.

QS10: It would be sort of taking into account like a ety of perspectives

and how different sorts of social, cultural, pclti influence ... affect those
different perspectives ... | guess it's taking intmsideration like the broader
social influence that impact a variety of peoplepgosed to speaking of it as

a top down theoryl] So more bottom up?] Yeah.

QS3: In the context I've been using it, like througle ttivil department there
is humanitarian engineering work that is done, Wwhecmainly in third world

type countries, and helping to implement new teltdgies, but in a way that's
because of their needs ... not coming in with tetdgy that we think is great

for them, things that they need and are relevatitgiv community.

The three conceptions of social justice in thisugreepresent more complex ideas than those in

the previous group. Here social justice is morarofctive and collaborative process. These
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conceptions correspond to positions further altveglitminal spectrum, but the students have yet

to truly exit the threshold and adopt social justs a lens for their future practice.

Position E — Exiting the threshold: Social justicgs a lens for deconstruction and
critical analysis

The critical aspect of this conception is the ihsithat awareness about, for example, social
injustices can only be gained by critical analysigd deconstruction of what one takes for
granted. While some of the earlier dimensions lghitéd the role of awareness, this dimension

highlights how awareness can be achieved and alsappropriate actions can be devised.

QS9: You should try and see what actually caused thisappen, cause if it
burst once it can burst again and the same thitig seicial justice and charity
is that if you just kind of perform charity actgah you might have helped
one person in one situation, but who's to say taedying factor won't cause
the exact same thing to somebody else. So soa#tgy social change is
trying to figure out well what's the fundamentabplem or what's the root

cause of ... what you'’re seeing.

QS8: | think that it's really important that differemqgeople from different
faculties sort of break down the boundaries betwdwmm and come and
together and learn a lot about other things that gormally would have

certain assumptions on.

In this conception social justice is seen as a lee® through which to look at the world. While
the conceptions of previous groups correspondae@asingly complex ideas of what social

justice entails, the focus has been mainly on gngvaiwareness about the nature of social justice.
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In contrast, this conception represents a new Viiageing in which students apply their
knowledge to their own lives, practice and profess5tudents who internalise this conception of

social justice will have passed or be on the vefgessing the threshold.

Summary of the outcome space

In summary, different conceptions of how the stusleonceptualised social justice go from
simple toward more complex understanding and thiatian along the spectrum of liminality

helps to illustrate how the students pass throbghhreshold. The conceptions cannot be seen as
a linear progression since they both overlap andegist simultaneously in how a student views
social justice. This mapping of the liminal spatearcial justice is in line both with the
phenomenographic idea that students can hold $e@reeptions of the same phenomenon
simultaneously and the idea of oscillation betwdifierent liminal states suggested by threshold
concept theory. Students will take different paidtaer the threshold and some students might get

“stuck” at less complex conceptions unable to fahgss.

Shifting Perceptions of Engineering

In addition to studying students’ conceptions afisbjustice, the ways in which students’
perceptions of engineering were shifted by thesingsof the threshold were explored. In line
with Freire’s (1970ronscientizagathe aim of the course was not only to raise avesg@among
the students, but also to help them engage withsues raised and shift their ways of looking at
themselves, their profession, and the world. Ereging and non-engineering students’

perception shifts are discussed separately. TablgrZnarises the findings.
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Shifts in How Engineering Students Perceive Engine@ag

A — Critigue of the hegemony of engineering edurati

B — Critique of the hegemony of the current prpéitadigm of
engineering

C — Critique of the notion of a “right answer”

D — Critique of the “common sense” of technicalgioins

E — The need for engineers to be humble and opesrifmue

F — The need to ask who do we, as engineers, esrgioe

G — The world is confusing and how do we as engifiein?

Shifts in how Social Science Students Perceive Engering

a — Breaking down stereotypes about engineer/s/ing
B — The realisation that engineering can play atpesiole in
the creation of alternatives

Table 2: Emerging perception shifts of engineering

Shifts in how engineering students perceive engineg

Among the engineering students in the class, séiWfarent but related, perception shifts of
engineering could be discerned. The theme runhiraugh all of these were the deconstruction

of the students’ original perceptions of enginegrin

A — Critique of the hegemony of engineering educain

QSR13 In the engineering curriculum we are programmedlétermine an
answer and we are not always asked to questiorsithation at hand. In
general the questions of why this task is beingopered and who it is
affecting are simply not asked. | feel as if tHisss has helped me to be more
critical of different situations | face and | fouritbat this class was very

informative and eye-opening.

Here the critical aspect is the focus on how cureagineering education promotes a certain

limited way of thinking, which, for example, favauproblem solving over problem posing.
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B — Critique of the hegemony of the current profitparadigm of engineering

QS9 It's the social, environmental and economic... sartoenpanies have
tried to go for it, but | think that it might be erof the most important things
for an engineer to consider the true bottom lind fihat] it's not just about
the money. And to think about what are the soamplications and the
environmental implications and how there are gaind losses from all of

them.

Here the critical aspect is the focus on how curesigineering practice usually is strongly
aligned with a purely economical perspective onetkgense of social and environmental

considerations.

C — Critigue of the notion of a “right answer”

QS14 [The course] taught me that my opinions and mgagl don't
necessarily have to be right or wrong as they \atgn are measured and
considered in engineering—right answer, wrong ansvaand it's just very
weird to think “oh! here’s an idea and that’s alis,” it’s just an idea, it's not

an answer or right or wrong or ... you could judgadtordingly.

Here the critical aspect is the focus on how tlesusts in engineering education a notion that
there always is a “right” in any given situatiother than that there can be several “right”

answers depending on one’s perspective and context.
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D — Critique of the “common sense” of technical sations

QSR1I Knowing the underlying social cause of the prablghanges the way
in which the problem can be dealt with. Criticabmination of social causes
rather than a focus on only technical problem®imething | never considered
before, although now that I think about it, it appeto be in fact much more
important than the technological factors alone. The project] has changed
my perspective on social issues and has led meli@vk that the engineering
approach to problem solving taught at [Universis/penerally not the most
comprehensive and is severely lacking in sociakictamations when working

in the “real world” outside of school.

Here the critical aspect is the focus on how ergging practice centred on solely technical
solutions will be severely lacking for adequataligl@essing most situations involving people and

how a more holistic approach is needed.

E — The need for engineers to be humble and operrforitique

QSRT7: [The communication skills gained from the projdtive allowed me
to slowly begin to dismantle my own “ivory tower ehgineering” and to
begin to fully engage with the issues | am exangron a much more holistic
level. ... By stripping myself of the prestige of émgering | make myself
vulnerable to critique as well. | consider this nedability to be central to a
socially just design process. As flawless as tbbrtieal minutiae of a project

might be, no design will ever be perfect in foumdnsions. The design
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process must then incorporate a reflexivity thédved for it to change with

time and conditions, be they social, physical teotise.

Here the critical aspect is the focus on how ergmeeed to realise that while they might
identify as problem solvers they do not know ev@ng and need to be humble and open for

critique to be able to find appropriate “solutidns.

F — The need to ask who do we, as engineers, enginfor?

QSR3 When brainstorming ideas for a product design dar project |

couldn’t simply suggest for example a chair as luldonormally do in a
brainstorming session. | had to stop, think, andodstruct my suggestion
before suggesting it to the group. | had to thirhowhe chair was for, was it
useful for Argentineans? Was there a market?, wthidcartoneros benefit
from a chair? This differed completely from an ewgiring brainstorming
session where | would suggest anything as longt @suld be physically

manufactured in an engineering context.

Here the critical aspect is the focus on how eregmeeally need to consider who they are

creating solutions for, i.e., “Who is the audierice?

G — The world is confusing and how do we as enginadit in?

QS7 1 think the lasting impression is going be thatded to do a lot of
thinking about what I'm going to do after | gradeiaAnd | think as of most of
these issues that aren’t engineering issues, weravalk out and say okay
one plus one equals two. You walk out of it feellikg you knew less than

you did when you walked in and you have to do miesearch and you have
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to think about the issues more. So | do feel I'mngdo walk out of it feeling,
personally, that | need to think hard about what ¢joing do after | graduate,
but | also think I'm going, just in general, to fdike the world is more

confusing than | thought it was.

Here the critical aspect is the question of how asman engineer fits into a world which seems
more complex and confusing than before and the iggprealisation that most issues in the world

are not engineering issues.

Summary of the engineers’ perception shifts

These seven categories indicate that it is positdbift engineering students’ perceptions of
their future practice and profession and that the'se is successful in helping students
deconstruct their previous understandings of emging. In fact, this could be seen to happen in
practice in the students critical response esddys.is illustrated by the following excerpt where
an engineering student deconstructs the takenrortgd assumptions underlying a sentence

through a series of questions:

QCREZ1: As an engineering student, | feel that the teznhihology is closely
related to the process of engineerighy are technology and engineering
closely related?At school | spend 99% of time learning about défe
technologies and | am told that they are importdty is all my time spent
learning about technology? suppose society feels that technology is
important as it advances things forwakfhy does technology equate to
advancementPremember this being discussed at the beginnirigeocourse.
This viewpoint is the result of modernity which fgrt of the dominant

discourse (Course instructor in class discussion).
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However, here it is important to point out that suecess of the course is not in getting students
to critique existing good practice, but to devetlop skills of critique so that taken-for-granted
assumptions can be questioned and appropriatesshmiade about the future. For example, if
students assume that technology equals advancéneenthey might ignore the problems of

environmental impact of those technologies.

Shifts in how social science students perceive eegring

In contrast to the engineers, most of the sociahsists in the class had no or little actual
understanding of what engineering really entails oAe of the sociology students put it “A good
majority of us and myself, really have no ideaamis talking about engineering. | was going

into this course and ... actually had no knowledgerafineering.” However, two different but
related shifts in how these social scientists peeckengineering and engineers due to the course
could be discerned. The first focused on breakmgrdstereotypes and the second on the

positive potential of engineering in the creatidwiable alternatives to current practices.

a — Breaking down stereotypes about engineer/s/ing

QSR18 | remember when | first came into this classatimo idea of what
“engineering” actually was, beyond the chants wegsabout engineers who
should “go build a bridge and jump off it.” In sonaays, my definition of
what engineers do has become even more confuseith, ttlners I've grasped
the breadth of knowledge and expertise that enggrn@ing to their own field
of study, which happens to be as or nearly as pieesl as the liberal arts
programmes. Along with this diversity, | have alsegan to recognise the
difference among each engineer I've gotten the ahdao know—it turns out

they aren't just one big group of partying, consgime, clones after all!
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For the social scientists, the course offered godpnity to work with engineering students in a
constructive manner that in many cases resultéakeibreaking down of (negative) stereotypes of
engineers and engineering. This is an importasi $irep toward grasping any positive potential

engineering has to offer.

B — The realisation that engineering can play a pasve role in the creation of alternatives

QSR14 Participating in this class this semester haiifiekely been an eye
opening experience. | came to the class thinkikigelw what “social justice”
was and how it should be approached. However, & ltame to realise that
social science students are often given the t@oidetonstruct an issue, but
have no ability to directly apply it in the real ah Working with engineers
has most definitively created and developed thlartz®. Overall, this class

has taught me not only to think but to think and ac

QSR2 ... during this idea generation stage | realised there will never be a
perfect option, however unlike in sociology wher@eocan simply
deconstruct—engineers are trained to constructreftwe | had to force
myself from rejecting every idea that was suggeaisdi try to decide on one

that seemed like the “best” option.

Some non-engineering students moved beyond th&ibgedown of negative stereotypes to the
realisation that engineering can play a positive o the creation of viable alternatives to cutren
practices and that engineers possess skills and @fdiinking that complement those of social

scientists in a potentially beneficial way.
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Summary of the social scientists’ perception shifts

Among the social scientists, two perception shiftsategories (of description) of engineering
were found. The first one focused on breaking deteneotypes and can be seen as a pre-
requisite for the second, which focused on the oblengineering in the creation of alternatives.
These two categories indicate that it is possibl&hift non-engineers’ perceptions of engineering
and its potential from ignorance to more compledaratandings. In fact, this could be seen to
happen in practice in the students’ critical reggo@ssays. Here is an excerpt showing how a
developmental studies student, who has been trémnieel sceptical of “technical” solutions,

imagines the educational potential of a modifiechéQ.aptop per Child” project.

QCRE10: Despite these weaknesses, the creation andodistr of the XO

laptop provides a piece of technology that easd#gords and transfers
knowledge between children in various places o tharth. Children in
economically capable positions now receive a va&iapportunity that they
might not otherwise have had, an opportunity tanealuable knowledge
from other children their age while possibly redafg education outside of
their own conceptions of it. Education will no largbe an individualistic
process but a collaborative activity. This colleetactivity no longer devalues
previous forms of education and knowledge that difeerent from the

standard provided.

Based on the findings presented above, the conclesin drawn that the course studied is
capable of shifting the perceptions of engineehialgl by both engineers and social scientists in
ways that can provide a common ground for stattingork together to address some of the

pressing challenges facing humanity. However,¢bigse only provided the first necessary step.

143



The dynamic of truly reciprocal collaboration beemesngineers and social scientists is still an

open question.

Concluding Summary and Reflections

In this study two themes were explored: studerdateptions of social justice and eventual shifts
in perceptions of engineering. Courses such asrieestudied can help students get a deeper
understanding of the complexities of social justtngt there will be significant variation in the
ways students cope with the task of seeing engimeé&om a socially just perspective.
Developing the students’ ability to think criticals one key aim of the course, but it is cleat tha
not all students are achieving this goal. One efthrposes of this study was to explore the
dimensions of variation in the way students conealge the phenomenon of social justice with
regard to engineering, in order that the resulgghinihrow some light on ways of approaching the
teaching in future years. This will be expandedrolatter chapters. Applying a social justice lens
to engineering will most likely problematise th@fassion and highlight many of the
complexities surrounding engineering practice. Qaes raised in such a process might shift
how engineering students view their future pracéind profession. For non-engineering students
the same discussion and the sharing of a classntinengineers potentially will lead to new
insights about engineering. The findings presentsie suggest that it is possible to shift the
perceptions of social scientists and engineerd@uoceate a way forward for the deconstruction
of engineering “common sense” and the creatiorosftive alternatives. This is also reflected in

these student quotes:

QSR9: This course has opened my eyes in making me ae¢hdre are many
different views in the world and that there are umtiversal solutions or

methods when dealing with a problem.
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QSR10: The structure of the class has been an examglghait could be!” |

believe this course is the best and most importantse | will take at this
strange institution and probably the most influgintEvery time | left class |
felt like | my brain had really expanded and | weally learning. This process
continues outside of class and my passion continoegow. | have been
greatly inspired by the both of you [instructorgdamy learning in this class,

thank you very much for this.

Engineers and social scientists can help each othes this threshold and create new

possibilities for the future of engineering.
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Chapter 5

Exploration of Social Justice in a Sustainability Cassroom

There is a possibility (as argued by the courseuntor later in this chapter) that social justice
for some people might carry negative connotationsthus make them less likely to engage in a
constructive discussion about issues connecteacialgustice, which leads to the question if
there is another term that might be used thatisewalue-loaded. This chapter reports on an
exploration of to what extent and in what ways arse with a main focus on sustainable design
(or more generally sustainability) expands studemiderstanding of social justice and ability to

think critically. According to Nieusma (2009):

Over the past decade, the concept of “sustaingbiiis gained increasing
attention across society at large and within mashycational institutions. As
the problems associated with globalized induspialduction and the energy-
intensive consumer economy worsen, new models floressing human
needs continue to arise. Given the central rolengfineering in creating the
tools of industrial production, distribution, ange@ consumption, it is not
surprising that increased attention to sustairtgbif also evident among

engineering students and educators. (p. 1)

What does sustainability mean then? Nieusma poirttshat a reoccurring theme is attention to
the intersections of social, economic, and ecobdgigstems. This is reflected in the spin-off
concept of the “triple bottom line,” which “addscéal responsibility ... and ecological
responsibility ... to economic viability ... as tliederlying criteria by which organizational

performance should be evaluated” (p. 2). Drawin@atalano and Baillie (2006) the question if
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having a responsibility is enough or if somethingrenactive is needed can be raised. A more
operational model can be found in Franklin's (19@@g of three bookkeeping books: one for
economy, one for people and social impacts, andarenvironmental accounting.

In terms of the relationship between social justind sustainability a parallel can be
drawn to Boff (1997), who argues that it is the sdagic that has lead to the devastation of the
environment that lies behind the exploitation @& tharginalised. Marcuse (1998), on the other
hand, points out that “sustainability and sociatifge do not necessarily go hand in hand” (p.
103). Furthermore, Marcuse (1998) argues, in timecod of urban development, against

conflating the two terms or replacing social justigith sustainability.

We should rescue sustainability as an honouraideged critically important,
goal for environmental policy by confining its usmly to where it is
appropriate, recognizing its limitations and avoglthe temptation to take it
over as an easy way out of facing the conflicts beset us in other areas of
policy. If we do feel called upon to use it in #wea of social policy, it should
be to emphasize the criterion of long-term politiad social viability in the
assessment of otherwise desirable programmes anesna goal replacing

social justice, which must remain the focal pootdur efforts. (p. 111)

However, the aim of the instructor of the coursmligd was not to replace or conflate terms, but
rather to introduce the students to a discussiontahe cultural and political underpinnings of
sustainable design which for him is a similar d&ssan to a discussion centred on social justice.
This will be further expanded on below.

This chapter is broken down in the following wayrsE the course, its context, and the

research approach used are described. Then, thiagiof the study are presented in the form of
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outcome spaces for sustainability and social jasdied observations about the relationship
between these two terms as well as the role afafithinking in the course. The chapter is

concluded with a summary and some reflections.

The Course “Sustainable Design Politics and Cultureand Rensselaer

ThecourseSustainable Design Politics and Culti®@DPC) was created and first taught in 2008
by Dean Nieusma of Rensselaer Polytechnic Inst{feEd), Troy, United States. Traditionally,
RPI mainly has been a technical school, but marentty there has been an ambition to expand
the curriculum to include a wider range of diseipk outside of engineering and science.
Engineering programmes still dominate in termstoflent enrolment (D. Nieusma, personal
communication, Fall 2008). SDPC is a Science arghii@logy Studies (STS) seminar aimed to
help students realise the limitations of technsmlitions toward a sustainable society and the
need for changes in individual behaviour and ahatitutional level. In addition, the course
intends to provide students with conceptual tomlgriderstand social power using sustainability
as a lens. This upper level course is interdigedpli in nature and at the time when this study was
carried out the student composition was as folladers:engineering and information technology
majors, five architecture and design majors, arelsmience major. The class had an equal
number of women and men. The majority of the sttglesmre in their final year while two
engineers were in their second year. 15 out ofléhstudents completed the course (Nieusma,
2009). The class met twice a week.

The course was broken down into three units: Tramtation to sustainable design and
its practice; 2. a look at specific contexts anskesaof sustainable design practice; and 3. strategi
pathways to achieving a more sustainable future.diim of the orientation unit was to give the

students the conceptual tools they need to carryheir individual research case studies of

148



existing examples of sustainable design practicéh@lack of). This unit was centred around
three lenses to sustainability: individual behavichiange, technical innovation, and institutional
innovation, which were explored through a mix ofrtoon and individually picked readings. The
second unit was centred around the students’ iddalicase studies and the third was centred
around their strategic pathways essays. In additidhese two major assignments, the students
were required to write ten research updates basédedr readings throughout the semester.
Classroom discussion was the main mechanism afiéiss, in addition to the quite extensive
readings and course assignments. Here, the casatsedtor took the role of facilitator, allowing
the students to drive the discussion while helpiegn along by asking probing follow-up
guestions when needed. Overall, the class regaifegh level of student autonomy and

responsibility.

The Role of Social Justice in the Course

As indicated by its name, the main themes of thig®e were issues connected to and
surrounding sustainable design or more genera#liamability. The course instructor expanded
during an interview on the role of social justinghe course, the ways he saw it intersect with the

main themes of the course, and what he tried t®eeh

SDPC_I: Although social justice questions are central tosoholarship and
to my teaching, | very, very rarely use the languaf social justice. | do
sometimes use the language of equity, but not géign. What | try to do is
provide students: 1. the conceptual tools to undedssocial power, 2. the
space to have discussions where that becomes aamelanethod to
understanding the world, and 3. topics or contéat’'s not about social

justice, but has the potential to become a contiersabout social justice by
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its nature. So sustainability, you can't go veryr fa talking about

sustainability before you start to talk about wias what and why.

He also differentiated his approach from other apphes aiming to highlight issues connected to

social justice.

SDPC_I: | definitely don’t do old school social justice &re we say here are
those people who don'’t have anything, and her¢har@eople who have a lot
of things, and those people need to give someeaif #tuff to these people, |
don’t approach it that way, but we have talkedtaalwout the responsibilities

of the developed countries to the developing coemtr

The instructor explained his rationale for avoiduging explicit social justice terminology in the

following way.

SDPC_I: | told you I like to back students into this [ttapics of the course]
rather than push it down their throat, but withiabgustice in particular it
raises all sorts of concerns and people shut danahthe reason is this, social
justice is a code word for saying, “hey I'm going lte critical about what
you're doing because I'm recognising that it affeother people,” and that

makes a lot of people feel insecure.

The instructor later returned to the interconnemsd between sustainability and social justice
and how he strived for creating an inclusive leagrenvironment that allowed for a broad

conversation that could include social justice.

SDPC_I: I really do think it's the same conversation wilifferent language,

and | guess personally | tend to teach to the rajddl borrow a bad phrase
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from the political race, so that students who waubdmally be turned off by
social justice language are invited into the cosaton, but also students who

want to talk social justice have permission to tise language.

Out of the class sessions | participated in, sgagice was only focused on in an explicit manner
twice, once when the students where asked what timy could see between sustainable design
and social justice, and once in a guest lectueeitathe term, where | talked about the early
stages of the research presented in this dissert&ither than this the presence of social justice
in the class was what the students inferred intliré@m the conversations and readings about
sustainable design. For the course instructor jusitice and sustainability are inherently linked,
but the question is if the students saw these lifike instructor thought they did to some extent.
In light of the discussion above it was of inteftesexplore what conceptions of social justice the

students in the class might hold while participgiimthe course.

Research Method

Data collection for this study was carried outtia fall of 2008. | attended the course once a
week as (participant) observer for most of thettln (week three to thirteen out of fifteen). In
addition to classroom observation, data was cateut the form of student interviews and
student course assignments. Students were indteke part in interviews about the class and
those who took part were asked if they were wililmghare their assignments with the
interviewer. Ten (out of fifteen active class papants) students from different disciplinary
backgrounds were interviewed throughout the teron{fweek five to thirteen) and assignments
were collected from eight of these ten. The inmmées were asked questions such as “What is
the course about?” “Based on the course title withyou expect the course to be about?” “Has

the course had any impact on how you think about ficture profession and career and if so
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how?” “What do you understand by sustainability®/tfat do you understand by social justice?”
and “What connections do you see between sustéitgadnd social justice?” The interviews
were audiotaped and transcribed verbatim. Thevietertranscripts were analysed using a
phenomenographic approach. The questions “Wharialgustice?” and “What is
sustainability?” guided the analysis. The iteratwalysis process continued until emerging
themes could be formalised into two separate lifronécome spaces—one for social justice and
one for sustainability. In addition, student pectjppes on the relationships between these two

terms and the role of critical thinking in the ceaiwere also explored.

Findings

The outcomes space for sustainability was dirdottgted in the data whereas the outcome space
for social justice (related to sustainability) lade inferred more indirectly from key indicators.
Different dimensions of sustainability were takaetoiaccount, but the main interest was issues
relevant to the social dimension of sustainabilBgth outcome spaces represent a mapping onto
a liminal space and both seem to converge towaalrda of heightened social awareness
manifested as a wish to improve society. It is inguat to remember that these mappings
correspond to trends on the collective level anttvegstudents and not individual learners’
progression through the liminal space. Neither dbestructure of the outcome spaces suggest

that the act of learning is linear.

Outcome Space for Sustainability

Based on how the students talked about sustaityadiid the course, seven liminal positions
were identified corresponding to increasingly coemptonceptions of sustainability with a
growing emphasis on the social dimension. The iffeliminal positions are illustrated by the

guotes given below and Figure 8 represents a viaumamary of the outcome space.
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Passive Active Positional —
subject subject Sustainability as an
unrealistic ideal,
Positiona2a—
al Lack of focus Pre-liminal Sustainability as focus
state on a specific issue,
_______________ Position a2b —
Sustainability as focus
a2a oa2b Local focus Liminal on lifestyles,
state Positiona3 —
Sustainability as a
top-down process,
o3 o4 Global focus Position a4 —
Sustainability as a
bottom-up process,
Position a5 —
Sustainability as a
holistic perspective,
Position a6 —
Sustainability as
social emphasis or
improving society

Environment,
economics

»ld
»

a5 Internal focus - ___-____

Environment,
economics,
socia

a6 Internal and Post-liminal
v external focus state

Figure 8: The outcome space for sustainabilitytfe course SDPC

Positional — Sustainability as an unrealistic ideal

Here students talked about sustainability as aeraiv unrealistic ideal associated with “flaky”

people far removed from the students’ own “commemsg” understanding of the world.

RS1: When | think of people that advocate sustainabiiight now | do kind
of consider them flakes because they’re very isdlatithin their studies, this
is what they're passionate about, but they domilyehave exposure to how to
integrate it into the real world. [E.g.] where theople move and they give up
everything and they're like a commune, | mean thatgreat way to advocate
. sustainability, but is it really feasible withthe way the world works? |
don'’t really think so ... the way that the Nationsilband companies make

money and people can merge into the middle class.
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This is an example of a pre-liminal position whtre concept or part thereof has not yet come
into view. There is no active subject and sustalityals associated with other people.

Environmental and economical terminology is used.

Positiona2a — Sustainability as focus on a specific issue

Typical for this position is the focus on a partazwdimension or aspect of sustainability such as

environmental concern or technological solutions.

RS8: There’s a machine that can sequester one ton gfaGfay. | mean even
if all the cars were taken off the road right noW.Qevels would still be
going up, and if we're really serious about talkaigput it we’re going to need
to actually start sequestering ¢@nd in terms of global warming that's one
answer, it's not a cheap answer but it's ... for epkeit’'s the best thing on the

table right now.

I: So if we don't prioritise sustainability what dowbelieve would happen?
RS4:1 mean pretty soon into the future | think we'rdrgpto be facing more
and more problems with global warming, with humies, and droughts, and
loss of species, which some of them may be lessritapt than others but it
just, they all work into the system that is kind sdbwly falling apart and
we’re a part of it.

I: We humans as a species will get into trouble exadlyt if we don't do
anything about it?

RS4: Yeah.
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Positiona2b — Sustainability as focus on lifestyles

This is a similar position to the previous onetaslents focus on one aspect of sustainability,

namely sustainable lifestyles or changes in indigidehaviour (of oneself).

RS5: [A text we read] said the most important thingnisat you wear and
what you eat, those are like the most importantipets to pay attention to ...
it's definitely compelling me to think about ... whiabuy yeah that is making
an impact, | think | really will try once | have /e more time to go to the
farmer’'s market here in [City] and buy stuff tharestead of buying the

produce in the store.

RS2: | try to practice all the stuff myself personallypu know the use of
plastic bags, the use of bottles ... he asked us Howyou contribute

personally to sustainable design, and my contoutvas | bike to and from
campus. So | think I'd like to adopt as many idaagossible or as many like
changes. So | know | said the lifestyles thing sstmmportant. The stuff is
part of lifestyles, like how do you live your, hae you shop from now on by

using not plastic bags but by using like a reushhlg

The main difference from the previous positiorhigtthere the subjective self is more active and
have a more personal connection to sustainabdity,my impact However, the focus is still

quite local and does not challenge or change systssues.
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Positiona3 — Sustainability as a top-down process

This position marks a shift toward a broader parspe and actually changing systemic issues.

Here sustainability is seen more in terms of instihal or governmental policy.

RS8: Well | mean for global warming | mean you had fih@me] standards ...
it's basically the fuel efficiency standards fohiaes, and that's mandated by
the federal government and that hasn't gone upafshile and now it's
starting to go back up. Those would certainly hélpse types of constraints
where you give a company you need to do this aed they work within that
because everybody’s on the same level playing,figlere’s no competitive

advantage.

RS1: Sustainability itself | think it's an importantgiz. | think it has to stem
from the top down because | think people in corpona are fundamentally
self-centred ... | think maybe government should l&guthe industry, like |
said earlier in class about having constraintspiople ... and businesses to
operate in ... They're still operating within certaionstraints right now and
they still manage to make money. So | think if ghevere sustainability
constraints put on corporations and people’s lives would adapt and

function and everything would still work.

Here a shift from local to global and more emphasighange on a scale beyond the individual
can be discerned. However, in comparisoanb there is no agency and people are seen as
passive receivers, e.g., little ownership of sastaility. Sustainability is still mainly describéu

environmental and economical terms.
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Positiona4 — Sustainability as a bottom-up process

This position follows on formm2a andx3 with subjects now active (collectively) to briagout
systemic change. Institutions such as governmdilitplay an important role, but the initiative

can come from individuals/active subjects.

RS10: Right now, right now what we're looking at is thpathways to
sustainability, most of them | found are about camity based participation,
a lot of it is all about collaboration, grassrootsvements, | mean like people
being active in the Government to get the Governn@rpromote green or
sustainable policies so | assume it's ... a lot pfitlot of sustainability is
social ... | think before the course | wasn’'t so magare of the social aspect

of it.

RS9: Yeah the case study | chose to do was on grassmovements in
California directly related to electronic waste, the release of chemicals in
the manufacturing process of semi-conductors andiwaae, computer
hardware in particular, and how a lot of theselieed groups saw this getting
leaked into their, you know, water supplies anchifally affecting them and
the workers at the factory and things of that reggtuand working with
government groups like the Environmental Protectigancy ... and how they

from the bottom-up have affected markets to actucibhnge, things like that.

This position represents much more active subjgbtstake more personal responsibility for
promoting sustainability. A social dimension is addo the environmental and economic

descriptions of sustainability.
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Positiona5 — Sustainability as a holistic perspective

Here students start to see sustainability as sanggittiternal, namely an approach or lens to
adopt. Key is the idea of drawing on multiple pexgjves or tools, with the simplest incarnation
being the “triple bottom line” approach to sustaitity. However, the students in the class
emphasised the importance of seeing how thingedéther and understanding root causes. This

corresponds to the critical thinking skills thetinstor desired them to develop.

RS7: | think it's probably helped me to look at a biggecture instead of
focusing more narrowly on one thing. It's becausgtanability it's not about
this one thing, it's on this one thing and evemthelse and all the impacts
and how everything kind of meshes together. So eeer really had to look

at that really huge picture before. So | guesssiaen helpful.

RS10: Whenever you look at design, the new trend ingtesr some of the
new trends, | don’t know exactly how old it is, wh'ae learned is you really
have to ... when you're approaching a problem yowk laball the different

elements that come into the problem, otherwise rgawot going to really get
to find a solution. It could alleviate some of thgmptoms, but it won't

actually be a solution which is kind of what sus#dility is all about, getting
to the root of environmental, social, economic, teharong with the system,
not necessarily this particular part of it. ... Ya'trying to address the

systemic issues.

As this position more or less corresponds to thesmobjectives, it can be said to belong to a
post-liminal state or at least border to this. $heial dimension of sustainability is further

emphasised.
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Positiona6 — Sustainability as social emphasis or improvisgciety

This position includes further social emphasis aather than just understanding the
complexities of sustainability, subjects move omdtively work to improve society. Thisis in a

sense a continuation froad.

RS10: | found that whenever you learn about sustaingbdome of the
problems like consumerism and just the way we ¢iue daily lives it's kind
of hard to ignore them once you know them. It makas think more about
the solutions and what changes you can make, aat tfeally how our

society is going to have to make progress.

RS8: | mean what comes to mind immediately is like thivdrld countries

where people don't have like the food live or thetev to drink and the chance
to give their kids a future ... there’s another shide class that, | mean he
made the point that he doesn’'t see how socialcistifects sustainability at
all ... It's like well they're two completely differg things. | mean you have
the ecology of the system and then you have thialgostice aspect ... like |

said | try and take a longer view and ... you haveetiof people that are
consistently not allowed to express themselvesobaliowed to be a part of a
larger society, there’s going to be a point wheoal yust can't do that

anymore, and | think that’s part of sustainabilgyou have to work towards
that point where what you're doing now if you wépekeep doing it would be

okay you always strive for something better.

This position is internal and external in naturedlation to the subjective self; internal for fuet

valuing the social, but also external, asviorking for changeThis is a distinct post-liminal
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position in terms course objectives and thereraationship forming between social justice and

sustainability.

Summary of the sustainability outcome space

The outcome space that emerged from the data ¢®os$iseven liminal positions that reflect an
increasingly complex understanding of sustaingbilihe three (pedagogical) lenses—individual,
technical, and institutional—used by the coursé&irsor and the perceived need for a more
holistic approach to sustainability or sustainat#eign are reflected in the different liminal
positions. The course clearly was successful ipihglsome of the students understand the need
for more multifaceted approaches to sustainablgdes well as linking sustainability to social
change. There were several referential and stricshifts (Marton and Booth, 1997) in the
students’ ways of experiencing sustainability. Tiest prominent of these being: a shift from
passive to active subjects, shifts from a lackoolis to more general outward focuses to an
inward focus to finally an integrated internal andernal focus, and an increasing emphasis on

the social dimension of sustainability in addittorthe environmental and economic dimensions.

Outcome Space for Social Justice

Based on how the students talked about sociatpusti what could be interfered indirectly form
other topics, five liminal positions of increasiogmplexity could be sketched out. The different
liminal positions are illustrated by the quotesagiwbelow and Figure 9 represents a visual

summary of the outcome space.
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Figure 9: The outcome space for social justicetlf@ course SDPC

Positionw1 — Misconceptions or contradictions about sociakfice

Some students would at times express clear misptinns about social justice or ideas that
contradicted critical aspects of social justicee3dncontradictions could take the form of social
Darwinism, popular justice, the superiority of wastfreedoms, or the inevitability of the status

quo.

RS4: It's kind of what | said before just assisting selves and our
perspective is really complicated because ... jutle try so hard to sustain
every living person and in turn we kind of turn tife cycle of evolution. I'm
kind of into this because I've taken some biolodgsses in ecology and
things, but | just think it's interesting. We jusy to keep everyone alive, but

now there’s no competition and we don’t evolve addn’t know.

161



RS6: Social justice, | think of if someone committedrame and they weren't

arrested for it you'd take it upon yourself to gatk.

RS1: Look at the Middle East, these people have alldihand they live ass
backward lives ... and they're not really, at leaspnf the American
perspective, progressing at all. There’s no freedtmir people are not

considered equal.

RS1: Yeah I think that it's kind of screwed up that Amcans live excessively,
but | don't really feel guilty about it. | don't knwv, | mean you could really Kill
yourself over if you really had some sort of corsce for social justice.
There are people in the United States of Ameriea don’t live well. | mean
it's just how it is; | guess it's the way the woiikl I'm lucky to be born into

the family that | am. I'm lucky to have a work ethi

This clearly is a pre-liminal position where cehtraracteristics of social justice yet have to

come into view.

Positionw?2 — Social justice as focus on isolated or randohacacteristics

Some students discussed social justice in gererabt focusing on isolated or random

characteristics. Some themes that emerged weregtits of humans versus the environment,

equality, and caring for others.

Rights and the environment:

RS6: Oh it's starting to come back to me now, we dideading on social

justice and ... it talked about giving everyone thdity to be green ... It's
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probably a compromise somewhere in the middle.dnreg this point | don't
know exactly to the extent of how bad global warmgnis, but it seems like it’s
very bad, getting worse and there’s no positiveirutin sight. If that's true
then we need to put the environment in front ofgle@r else there won't be
people to care about in the future, but it kindyoés hand in hand, if you help

the environment you help people.

RS3: ... social justice in the Enlightenment in humand above all the rest,
and then we kind of realised through the industralolution that we're

ruining our environment and our planet, and theme® ecological justice,
and then that's where they butt heads becaus®leisvas defined before the

first and being social justice as | have the righitve and breathe how | will.

Equality:

RS1: It's not fair for somebody who can’t afford healéne to not be able to
get it, especially because it's so accessible antany people can'’t afford it,
and probably the cost of it wouldn't be nearly ascimas we think it would
be. | mean ultimately it boils down to dollars arehts just like everything

else does.

RS5: | was like okay well how do these two social jostissues ... giving
parents, mothers, day-care at work for the kids that seems like an equal

thing to do so that they have as equal of an oppitytto work as men.
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RS8: | mean what comes to mind immediately is third ldb@ountries where
people don't have the food live or the water tankirand the chance to give

their kids a future.

Care and respect for others:

RS5: | think social justice then is about people carfog each other and

taking their neighbour into as great considerasisttheir family.

RS7: | thought that for someone to truly think abowating nature with
respect ... can people really do that when they hkeadiuse other people?

Can you achieve one respect, that overall resgepgople?

At this position the students have entered thenlingpace of social justice, but have not
advanced that far. Distributive and relational disiens of social justice (Gewirtz, 1998) are
mentioned, but separately and on a general levela§ustice is generally not linked to one’s

subjective self.

Positionw3 — Social justice as multilayered and complex

At this position the focus was on social justicgihg different components or layers and about

how these influence each other.

RS10:1 think the main connection between social justiod sustainability is
that they all are built upon the same factors. L#axial justice has an
economic component and an environmental componera technological
component, like what technologies do people hagesx:to, do they, can they

afford that sort of thing?
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RS5: It [has] definitely solidified the fact that sustability is about social
sustainability too. Making communities and socigbations sustainable,
because no matter what everything’s linked and equiity in social situations
between humans is also going to lead to inequityha way we treat our

environment.

RS9: It's more of how directly or indirectly somethiradfects you in a way
that it wouldn’t affect necessarily someone elsef.you wanted to go with
injustice, | would not necessarily be equally infeacby ... being able to eat
because | can afford to feed myself and necessirilywas in a different
social status or a different social standing orfer@nt cultural standing that
may not be the case so that imbalance is wheréntheences take hold |

guess.

This is a more advanced liminal position wheredtuglents’ understanding has shifted from a
singular, but quite general focus, to more compddationships. Social justice is still talked about
mostly on a general rather than a personal lexe],more focus on others than the self. The

relational and distributional dimensions are preset still mostly talked about separately.

Positionw4 — Social justice as considering impact

Central to this position is to consider the imparctonsequences of one’s actions (e.g., design

choices) and to make these positive in terms begondle profit.

RS10:1 guess the main thing that | understand aboutbkpgstice is trying to
at least consider it when you're making a desigou ¥an design for the

industrialised world, but at the same time what aelsuld this product do?
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Because one of the things | learned when | wemt thé PDI program is if
you design for the lowest of the people it's al®ong to work for everyone
else. So you can get some really amazing soluthaisof that. When you

make a really simple solution and it can be eftector everyone.

RS9: It will most definitely be part of my thought pr&s from here on out,
understanding a bigger context of what | do and ha@an at least improve
marginally or influence ... that is my goal. So | vaulefinitely bring that
from this class to actually say here’s our problem,could fix it this way, we
have the most harm we can possibly induce or I'nkingathis small simple
change, we're contributing to a better push, wedlinfluencing other people
to do the same at a higher level let's do that uerhis, and having that

reasoning and that rationale I think is definitelgositive thing.

Yet another more advanced liminal position whegerttain difference from3 is the focus on

the subjective self, i.e., taking responsibility éme’s actions.

Positionw5 — Social justice as change

The focus on this position is on changing or impmgwsociety.

RS8: | try and take a longer view and if you have a afepeople that are
consistently not allowed to express themselvesobahowed to be a part of a
larger society, there’s going to be a point whéxa's, you just can’'t do that
anymore, and | think that’s part of sustainabilgyyou have to work towards
that point where what you're doing now if you wépekeep doing it would be

okay you always strive for something better.
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RS10: In that way it's sustainable and social justicette same time. You
have to take everything into consideration, puklitapart and find out like
what'’s really the problem so you can get a simplat&n out of that and then

build it off of that to get something really, thabrks.

RS10: I think it's promoting community based organisatio. | think part of

it is re-establishing part of the culture that we'lost through the industrial
revolution. The way people interact with each qtheith the broader
community, and just how they live their daily livesying to rebuild more

thoughtful living | guess.

This is a position that at least borders onto &-jpménal state of social justice as the focus to
some extent is on changing the current system.i$hige most active position in comparison
with the previous understanding of complexiti@8) and considering personal impao#éj. The

relational and distributional dimensions are yetiagresent.

Summary of the social justice outcome space

While this outcome space did not emerge as clearthat of sustainability, five liminal positions
corresponding to an increasingly complex understancbuld be sketched out. As there was
little explicit focus on social justice in the cear no direct correlations between the outcome
space and course elements can be discerned, @assibly an increase in social awareness.
Overall, the outcome space is quite general inreatwut a few referential and structural shifts in
the students’ ways of experiencing social justi@e loe identified, such as a shift from passive to
active subjects and a shift from a unspecified $adoua more systemic focus. Most students

spoke of social justice as quite static in natatber than something dynamic and participatory.
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The Relationship between Sustainability and Socialustice

In some of the interviews, the relationship betwsecial justice and sustainability was touched
on in an explicitly and/or implicit manner. Whileet two outcome spaces seem to converge
toward a common point and some relationships aeddapendencies between the two terms
start to emerge, the full extent of these doexnatallise. During one class session the
relationships between ecological justice, socislipe, and sustainable design were discussed. In
observation notes from that session three themes ngeorded: conflicting aims, e.g., carbon
captioning and developing countries’ rights to @ase their emissions or not; the idea of
changing people’s underlying values, social justéeael to more respect for nature; and not seeing
any connection. However, this is not an exhaudisteOne interviewee referred to the reading

that sparked this discussion.

RS8: [One article] was interviewing several sustairibilpeople [who]
consistently started talking about social justice laeing part of the
sustainability movement ... | entertained the viewattthey were completely
separate ... [and] the discussion happened in caskywe started seeing that

you can't really have one without the other or’'thabw | saw it.

Other interviewees expressed similar sentimentsgtiighted the relationship between
sustainability and social justice in terms of agalas underlying values, components and to some
extent aims (e.g., improving society), which carglepsed in some of the quotes presented in
previous sections. However, the idea of conflicegs that was observed in the classroom also

reoccurred in the interviews, for example:

RS10: They've got the same root problems ... it makes esdhat if you're

working on one you're also working on the other, &uthe same time a lot of
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sustainability issues are stemmed from trying ieerahe standard of living
which is ... almost a paradox. When people [arenijng with such
prosperity [but] more modest needs of a lifestylent there's [less]

sustainability issues because they’re not consumioge than they need.

However, this mainly seems to be tied to matesisliés such as standard of living, with other
words the distributional dimension of social justiGewirtz, 1998). The relational dimension
seems easier to align with sustainability, for eglantreating other humans and the environment
with respect. Due to the collective focus of thalgsis method used in this study, no definitive
conclusions can be drawn about eventual correlsiti@tween conceptions of sustainability and
conceptions of social justice, beyond the fact itha good portion of the quotes used to define
the more complex liminal positions for each outc@pace, the students talked about social
justice and sustainability simultaneously. Alse thcreasing emphasis of the social dimension of
sustainability logically brings the two terms closegether, which is reflected in the converging
outcome spaces. While at the pre-liminal side efgpectrum, it can be speculated that people
who have very basic conceptions of each term nbghhore likely to think that there is no or
little relation between the two. This is not to gagt that there is a simple direct correlation
between the two terms, but rather, that increaseilsor critical awareness will facilitate seeing
the complex interconnections that do exist. Howgités likely beneficial for students to discuss
the relationship between the two terms, as was dote course studied, as this might help them

see connections and serve as a vehicle for thakitiy.
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The Role of Critical Thinking in the Course

As stated at the beginning of this chapter, orth@fcourse instructor's main ambitions was to
help the students understand social power relatioagjeneral sense. He explained a core

component of his approach in the following way:

SDPC_I: | try to create a classroom context that askstipresand discusses
content in a way that they can get an understangimtheir own ... and yet

still help[s] them see the world from different éagy

Thus, in a general sense the course was an exarasgcal thinking and broadening of
horizons. The students’ abilities to think critlgadre reflected in the two outcome spaces above,
and are especially apparent, for example, in thaal position of taking a holistic perspective to
sustainability. Some students spoke about critfdaking and the learning process in the course

outside of the contexts of sustainability and dqagtice. Here is a selection of quotes:

RS4: | think the most obvious difference with STS cks# general and my
other classes is [that] my other classes eithee giviecture and then just
expect you to take notes and just to be fed infaomaand to some extent you
might critically analyse it, but for the most parst take it in, understand it,
memorise it, and then this class it's like you'ret memorising anything,

you're just trying to understand ... things you athg&now to a higher level.

This student focused on how this class, and othi& @asses, emphasises a different kind of
thinking than the student’s other classes. The siextent succinctly summarised what he

perceived to be a core impact of the course.
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RS8: 1 think ... opening up world views is what this cearserves and | think

that’'s why a lot of people would benefit from tadyii.

Another student reflected upon what critical thitkentails, emphasised the importance of

seeing connections and relationships, and thedigiigld its significance for sustainability.

RS10: It's also about | would say promoting critical tking and problem

solving ... Definitely looking at when you have ausition it's pretty easy to
identify who’s involved, but then critical thinkingpu're thinking about okay
so you have who's involved, what else are theyliea in and how does that
contribute back to what is going on in the parécudituation ... one of the
key things through the course was really taking ifseies and finding the
connections and relationships between them so Y@t have an

understanding of what's really going on. It's edsylook at one part of it
without looking at the whole system, but it's jusit what sustainability is

about.

Yet another student spoke about how his individaak study prompted several questions about

practices in contemporary society and suggesteddmaaneeds to approach questions like these.

RS9: [T]he class made me question a lot more of thesgs, so why have
these consumer based problems started in thepfase? Why did we just
mass produce all these harmful chemicals witho@netesting them and
understanding the implications and things like ,tfiké those and being able
to question that is ... Understanding that thereffeddinces between things,
the way people do things and use things, and thgebiencompassment of

that so the industries that you work in, the gowants that you're under, the

171



worldly social class even that you work in. Havitigppse understandings,

those questions, breaking it down in that way...

This last student commented on how the course healeaged him to take both a broader and
deeper view to things and issues related to swtdity and even life in general and emphasised

the importance of understanding the underlying exnt

RS6: | think it's just a realisation that nothing’s ewveut and dry and there’s
always conflicting viewpoints, conflicting motivethere’s ulterior motives to
any sort of policy change, technology growth, amat tyou can’t force people
to do anything. You need to understand why thingshappening, how things
are interlinked, and just in general not even jossustainability, but just in

life in general. The course has given me a broaav that we need to be
more well rounded to make an educated opinion, #uatls something |

thought | knew, | always tried to have a well bakah opinion. | always said
that the only stupid argument or point of view veas uneducated one, you
need to understand both sides of the argument| godss | lost sight of that
before | took the course because | was always lso panels and alternative
energies, just use them it’s plain and simple,itgihot so. You really need to

understand.

All'in all, the quotes above highlight the studéperceptions of the importance of critical
thinking in the course both in relation to susthitigy and in a more general sense. In his
interview, the course instructor commented thahast cases the students had not achieved the
full extent of the kind of thinking he desired thiem to achieve, but that they had taken the first

important steps.
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SDPC _I: Yeah, I'm not quite sure | see the shift to thimkiin terms of
distribution of power. | don’t quite see that. Whalo see and | think it's a ...
a prerequisite, a necessary first step is gettingyafrom very simplistic
solutions that impose one highly rationalised solutike we need all cars to
be hybrid cars. We need to stop burning coal ...’theyery sort of singular
highly reductive unfeasible solution approachescWwhihey often come in,
especially students with an interest in environmaksh, so many of them
come in sort of really thinking that the answers eear, that we just need to
do all these things, and people need to suck itand, actually having them
step back from that and say oh there are a |ahefe are a lot of questions
and a lot of these solutions involve imposing tkimy people, and who gets
imposed on, and who gets screwed?

I: So understanding that there’s complexity rathanfust...

SDPC_I: Yeah. So that is something | really think I'm segil see it actually
very strongly and that's something I'm very hapjppat as an instructor, that
they're starting to first of all understand it, lmetcond of all start to talk about
the multifaceted nature ... The point is the studenarticulating complex

inter-relationships ... And for me that's the firgts toward understanding.

Concluding Summary and Reflections

In this chapter the findings from the study of toeirseSustainable Design Politics and Culture
were reported and discussed. As this course foausedstainable design rather than social
justice, two separate outcome spaces were corstragine for sustainability and one for social

justice. While the outcome space for sustainabdityerged more clearly than the one for social
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justice, both outcome spaces displayed increasémgi$ in social awareness and emphasis. In
addition, some of the students definitively saveiobnnections between the two terms, but since
the course did not explore these relationshipsiingaeat detail only general observations could
be made. Furthermore, the study highlighted thettiurse instructor's ambition to encourage
the students to develop their critical thinkingllskivas reflected in the students’ perceptions of
the course.

Overall, the findings of the study suggest thatdberse was successful in encouraging
students to think critically about and broadenrtbenceptions of sustainability. However, while
varying degrees of awareness of social justice werFeent among the students, it is unclear how
the course contributed to this awareness. For ebearRP| has a strong STS programme and
some of the students in the class had taken additi®TS courses with one of them doing a dual
degree and this is likely to have contributed ®irtbollective awareness of social justice.

On the other hand, according to Freire (1970) béegmware is the first step to be able
to engage with social justice in a constructive wamyd the course seems to be successful in
engaging students in the type of critical thinkimeeded for making awareness possible.
However, it appears that if one wishes for onalglents to have more articulated ideas about
social justice and/or its links to sustainabilitysoistainable design then one needs to address this

in a more explicit manner than was done in the smstudied.
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Chapter 6

Exploration of Social Justice in an “Ethics” Classpom

Is engineering a moral profession? Florman (19&dgbes it is, but expresses at the same time
scepticism toward imposing more ethics and respditgionto engineers partly due to the
difficulty of collectively agree on what is moraltight. If Florman is right there is no need to
proceed further, but there are many scholars wiiarmare sceptical of Florman’s position. In
this chapter an inquiry of to what extent and iratwvays a course clothed in the language of
engineering ethics (though with a continued stogseritical thinking) expands students’
understanding of social justice and ability to khamitically is discussed.

According to Catalano (2006) as well as Johnstai. €2000), one thing that
differentiates professionals from non-professional¢hat professionals claim to be guided by
certain ethical standards, which are often reptesdny a code of ethics or conduct. However,
there are those like Zussman (in Riley, 2008c) atgue that engineering does not fit this criteria

well:

The technical rationality that is the engineer’scktin-trade requires the
calculation of means for the realization of giver® But it requires no broad
insight into those ends or their consequences.rieegs are aware of, are
trained to be aware of, these limitations; insa@they do consider ends, they

cease to act as engineers. (p. 110)

According to Riley, the core in Zussman’s argunistihat engineers with time have become
embedded in (industrial) organisations and consatyukave lost much of the professional

autonomy they once enjoyed. She concludes that:
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Autonomy and the ability to make independent ethibmices is an essential
element of what defines professions in sociologieahs. If engineers do not
exercise these choices individually and collecjivele may cease to be a

profession in at least one important sense. (p. 110

Despite objections such as Zussman'’s, engineecimgjas, such as Catalano (2006), see a code

of ethics as part of the modern definition of eegirnng:

Today engineering is seen as a profession whigdrgedpecifically to fields
that require extensive study and mastery of speelknowledge and a
voluntary and abiding commitment to a code of catduhich prescribes

ethical behavior. (p. 13)

Fleischmann (2006), in turn, worries about what@reeives of as diminishing roles for shared

values and codes in contemporary society and hsartight impact future engineering practice.

An honor code involves a shared set of values. &vthié general culture 40
years ago still supported the idea of living undeshared set of values, the
general culture today does not support such an ide&hile we, as practicing
engineers, see ethics as a foundation that infarmdgyuides all of engineering
practice, and while we accept professional codesthics as personally
binding, the current culture does not prepare tunients to accept the codes
in the same way. Because of this cultural shiftatnhl at risk is nothing less

than the ethical practice of engineering in theret (p. 382)

For Fleischmann, the idea of an honour code igakand she concludes her argument by saying:

“[O]nly when students embrace the idea of an haoocept as a way of life and allow their
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educational experiences to transform their sensigenfiselves—is our educational purpose
achieved” (p. 389). However, there are those whasaeptical to the idea of this kind of

“universal” ethic, for example, Ahmed (1998), whdtes for a feminist perspective, argues:

[Carol] Gilligan's work n a Different Voick suggests that the idea of a
universal moral theory neglects the process of gemliffferentiation and,
consequently, the located and embodied naturebpé&livity.

A feminist critique of universalism may begin wihcritique of the
subject of universal ethical theory. Such a subjectthe ideal observer” is
masculine, rational and disembodied. The ideal mesdas abstractedfrom
the contingencies of the social, including the hodéalm, in order to fulfil
the criteria of universality, which involves traaiilike situations alike As
Lyanne Arnault argues, such abstractions are iniplessas people’s social
identity or location necessarily affects their ursdending of the world, and
hence any evaluative procedure (Arnault 1990: 19Bloral agents” are
socially constructed, embodied members of histtyicghifting groups. (p.

52)

Herkert (2005), on the other hand, is criticalted fact that “[m]ost research and teaching in
engineering ethics has had a ‘micro’ focus” (p.)3Hk uses the termicroethicsto refer to
individual engineers’ ethical decision making. Hert contrasts this wittmacroethicsyhich
concerns broader issues such as social respotyséilil societal decisions about technology, and
argues for the need to include this type of etimangineering education. This lack of macro
focus might be a partial reason why Catalano (2006¢n reviewing many of the current

engineering codes of ethics in the United Statag)d them lacking in areas relevant to social
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justice, such as impact on poverty reduction oaechment. Riley (2008) takes this argument

further:

Engineers advocating for social justice must bee @bl stand outside the
profession and take a critical look at what engisea®. It enables us to ask
key questionstor whomis engineering done, who wins and who loses by the
actions of engineers, what work is considered argging, and what values

underlie the drawing of these professional boueda(p. 110)

The course reported on in this chapter is frameHimthis critical macro perspective on
engineering ethics.

This chapter is broken down in the following wayrsE the course context and scope,
the role of social justice, and the research agpro@ployed are described. Then, the findings of
the study are presented as an outcome space fal jgistice and observations about the role of

critical thinking in the course. The chapter conels with a summary and some reflections.

The Course “Science, Technology, and Ethics” and Sth College

The coursescience, Technology, and Eth(&TE) was created and first taught in 2007 by @onn
Riley of Smith College in Northampton, Massachussedmith is a female liberal arts college
(female students, some male faculty). The Pickegirtigering Program started in 2000 and is “the
first and only accredited engineering program mrtation just for women” (*Picker Engineering
Program History & Accreditation,” n.d.). StudentsSanith are required to choose a Major
subject, but must also take at least half of tbeirses outside of that area. This is intended to
give them both depth and breadth. Students areuesged to pick at least one course from each
of the following seven fields: literature, histaictudies, social studies, natural science,

mathematics and analytic philosophy, the arts,afuteign language. Smith does not offer
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different engineering programmes, but a generabnthpt allows the students to choose their
own concentrations. A completed programme meetsritexia for an accredited engineering
programme as specified by the Accreditation Boardehgineering and Technology.
Engineering students at Smith are required tolfalfiiberal Arts Breadth requirement either by
completing a course in each of the seven areasl ledhove or a minor or major in a non-science
field. In addition, engineering students need tk phiree technical electives that are thematically
related. The course investigated in this study toas a technical elective (D. Riley, personal
communication, Fall 2008).

The course instructor summarises what the courseast in the following way:

STE_I: My class is about, well the title is Science, Tealbgy, and Ethics so
it is broadly about those three topics ... but thg it | framed the course is
it's not a traditional way of thinking about engamimg ethics as professional
ethics, it's thinking about what Joe Herkert catiacroethics, which is this
larger question of social decision making that &agthical component to it or
maybe profession wide decision making, the ways @ghgroup of engineers
might think about something. And as such it need®d contextualised in
Science and Technology Studies. So a lot of what®e class is literature
that deals with questions of how science and spaiet co-constructed and so
on, so that’s sort of central. And then it's aldmat ... | organise the class
around a film, called “Fast, Cheap, and Out of @ahtand the themes in that
film revolve around first this question of objedtyvin science, which is sort
of fundamental to [the students] being able to apgin the film and the issues
in the course, but also to being able to critiqeéersces and supposed

objectivity.
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The topics of the course were arranged into asefithematic blocks, which appeared in the
following order: Questioning Objectivity; Ethics pmaches; Funding and Practice of Science
and Technology; Technology and Control; Science@aeial Inequality; Technology and
Consumerism; Dissent; Feminist Re-visioning; andii@ering, Social Justice, and Peace.
Within each of these themes, the course instragsigned readings for the students to read and
subsequently discuss in class. In my eyes, thissnase mechanic of the course. The class met
twice a week and took the form of a seminar, wierabout two thirds of the term the students
were responsible for leading the discussion in bteains of two or three students. This increase
in student autonomy and responsibilities refleleésinstructor's commitment to liberative
pedagogies. According to Riley (2008d, p. 6), l#te pedagogies (or pedagogies of liberation)
emphasise the “sharing of power and shifting aiyts students,” as well as “hold critical
thinking” and “praxis, which can be thought of aflective action (Freire, 1970)" as
“fundamental outcome[s].” This commitment was aisftected in the written assignments of the
course, which constituted of: two reflexive pieoesself-directed learning; two action essays, in
which the students reflected upon their actiond;@me term paper that took the format of a case
study on a topic of the students’ own choosing.&eally, the work on these assignments was

done outside of class, but two class sessions eardgcused on the students’ individual research.

The Role of Social Justice in the Course

Regarding the role of social justice in the coutise,instructor had the following to say during an

interview:

STE_I: | mean the what-is-[social justice]-to-me quesi®much larger than
what it is in this class. So | have a history, Ih@en an activist on a number of

iIssues, some of which intersect with engineering smme of which don't...
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I've always wanted to find a way to connect theagtpof my life ... I'm
always aware that there are going to be some studen there who are like
me, who are somehow in engineering, but have tlogser interests and
maybe want to find a way to make their professionnect with their set of
values, so trying to find ways to open that doordiudents to make some of
those connections for themselves. [That's] whydberse deals with racism,
it's why it deals with gender, it's why it dealstivithese larger questions about
control, that central control, all of those thirggst of are windows to that, but
fundamentally if they can’t get beyond this sorfufidamental epistemology
about science, what I'm concerned will happen & they will just dissociate
the two, that their engineering life will be theingineering life and they will
think a certain way when they’re at work, and titteey might continue to do

activism outside of work but they'll just pay thildwith one job and then go

and do something else after work.

While social justice was not something that was legssed very strongly in an explicit manner

in the class, it did run as an undercurrent througjthe course, and many of the thematic blocks
tied directly into or were tangential to it, eslyi in the latter stages of the course. The above
guote shows how the instructor wanted to give sitgjevho have an interest in or values that tie
into social justice, an opportunity to make conite between their private lives and their
chosen profession. In addition, while adopting aljcistice as a critical lens to one’s practice and
profession was not something that was pushed fanyogreat degree, there was still an invitation
in the course to explore that idea and to stankthg along those lines. Thus, it was of interest t

explore what conceptions of social justice the etiislin the class might have.
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Study of the Course

Data collection for this study was carried outlia fall of 2008. The course was in its second
year and was attended by eight students, who vilaretheir upper years. Seven of the students
were engineering majors and one was an economis mith a minor in engineering. |
participated in the class as participant obsemereta week for the majority of the fall term
(week two to twelve out of fifteen). In additiondtassroom observation, data were collected in
the form of student interviews (primary data) andlent course assignments (secondary data).
Students were invited to take part in interviewsulihe class and those who took part were
asked if they were willing to share their assigntaevith me. All eight students in the class were
interviewed throughout the term (between weeks diveé twelve with the majority during weeks
nine and ten) and a heterogeneous sample of assiganvas collected from six of these
students. The interviewees were asked questiotsasutVhat is the course about?” “What do
you feel you have learned?” “Has the course hadrapgct on how you think about your future
profession and career and if so how?” and “Whagalounderstand by social justice?” The
interviews were audiotaped and transcribed verbdtme interview transcripts were analysed
using a phenomenographic approach. The questioratVIsocial justice?” guided the analysis.
Based on how the students talked about sociatpusti what could be interfered indirectly from
other topics, an outcome space was constructedidition, quotes referring to critical thinking

were also collected and pooled.

Outcome Space for Social Justice

All'in all, nine liminal positions (or in some caseontours of positions) related to how the
students conceived social justice emerged outeofittia. These positions go from a pre-liminal

position with little or contradictory understandiofysocial justice, through increasingly complex
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understandings, to a position bordering to a dostbl state where the need to challenge the

status quo is highlighted. The different liminakgmns are illustrated by the quotes given below

and Figure 10 represents a visual summary of theome space.
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Figure 10: The outcome space for social justic&TriE

Positiona0 — No or contradictory understanding of social jirse

Some students said that they had no clear idednaf social justice would entail or expressed
opinions or ideas that were contradictory to engjiimg and social justice (e.qg., the “logic” of an
unequal world or that engineers maybe just shoalthdir job without considering

conseguences).

I: If | say social justice what does that mean to%ou

SS8:It doesn’t mean really much to me right now.
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SS3:1 feel like the order of the world is to be unjastd unequal ... Because
you need opposites | guess and if we were all énges... | guess I've never
known everything to be the same.

I: So it's basically you say a contradiction with whyat think social justice

is?

SS3:Yeah.

I: How can engineers work for promoting social justican they do that?
SS3:1 think the way that engineers can promote squitice is being ... try
to be unbiased ... Sometimes | feel like engineemilshbe a profession
where you just go to them with the problems andg’thsolve it for you, but
not have to think about whether the solution thatt yust gave out to your

client will impact the world in a negative way.

This is a distinct pre-liminal position where cattharacteristics of social justice yet have to

come into view. There is no clear focus or subjects

Positionp0 — A pre-disposition toward social justice
Some students expressed sentiments that did matlglirelate to social justice, but that can be

said to indicate a pre-disposition toward sociatige. This included general statements about

improving, helping, being ethical, and the gregtmud.

I: What do you consider to be the right reasons éarglengineering?
SS6: For doing engineering? Just that to help the winlpgrove in a way ...
well initially 1 thought about becoming an engindmcause | was good in

math and science, and so | mean | didn'’t reallywkmnauch about it, and now
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its more like developing, and all engineers dodt this, but sort of
developing new ideas, new products, new medicioesew things that can

help the human population.

I: So what is an ethical engineer or an ethical ec@t@m

SS1: | think it goes back to the ethics approacheshtPigHow do you
determine what's right and what's wrong? | haveise the word responsible
again ... [an] altruistic person, someone ethicaltdaanselfish, right? Or you
could be selfish, but it all goes back to whattie purpose of doing what
you're doing, and it should be something like taiiian, something to benefit

everyone.

SS2: Well, | guess as long as the engineers keep thepgetive of doing
things sort of it helps the greater good and it isompletely self motivated |
think in that sense it's okay that they have thatimcontrol over things, but
then | don’t know, | guess you just have to hake la check and balance

system to make sure that things don't go totally...

Central to this position is a pre-disposition togvaocial justice and it can be imagined that a
vague outline of the social justice threshold carektrapolated. Thus, this position can be said to
exist in a border region between the pre-liminal liminal states. There is still no clear (spegific

focus and subjects are passive.

Positional — Social justice as individual conduct

Central to this position is that the students fecuan their own personal behaviour or conduct

and emphasised the need for being responsibletanteationally harming others.
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SS6:Well it's more self reflection and what | pictungyself doing. | want to

make sure that I'm doing it for the right reasomd & want to make sure that |
don’t discriminate against people or ... | always tiot to, even though you
sort of have that mentally you might unintentiopaliscriminate against some

people.

SS3:1 think in general as human beings we should glitdr be selfless and
not just worry about our own things ... becauseatlsabout connections, |
think it's all about connections, because | meam gould be a hermit, but it's
how you interact with people, and you should tryséek the best in people
and try to help them the best, and you should pdhfyour best. So in that
sense | guess engineers shouldn’t create somethatgthey think is an
unnecessary evil. | mean some people, some engindght have a problem
with developing like military technology, then maymilitary technology is

not for that engineer but some other aspect ofrexaging is.

This is a fairly simple (that is, not complex) pimainal position bordering to the liminal state.
The focus is on the self (active subject) and aerdid to tie into the relational dimension of

social justice (Gewirtz, 1998) in a practical amdgonal way.

Positiona2 — Social justice as professional conduct

Quite a few of the students in the class emphasiseanportance (for engineers) to consider the
wider scope and/or implications of one’s (profesalpactions. This was either explicitly linked

to social justice or the connection could be indtiseinferred. Also, there is a dimension of

186



consulting a wider group of people or community wiearrying out a (engineering) project or

similar activity.

I: To be a responsible engineer, what would that Mean

SS1:1 think it means a conscious engineer who's avedrhis projects, his
research. You have to think about how you are affgcsociety, the
environmental impact, just being conscientious alvehat projects you take
on. For example, | think we mentioned it in clab® Ford engineer for the
Pinto they decided oh how much is a human life ijowell what would a
human life cost you, it's not worth it. That woufdbt be a very socially
responsible thing to do. And also maybe if you havéigh tech project,
maybe in a car, how fast it goes, horsepower thi@tmost important [thing],

maybe safety, emissions, fuel usage, mileagetypatof thing.

I: What do you think about engineers solving problearsd what's
engineering problem solving about?

SS2: Well, | guess it's meeting specific user needd, then while you're
trying to meet a certain population’s requirememtseeds or whatever, you
actually keep ... it's going back to the same idé&eeping the rest of the

community in perspective also.

I: Do you feel that [the instructor’s] course relaiasany way to social
justice?
SS4: Yeah, | think so. The things that we've been tajkiabout are about

taking into account more than just the design and much it's going to cost
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without looking at what are you doing to the enmiment and does your

technology have politics, and who is it disadvaingg

I: Can engineers actively work in social justice?

SS7:Yes.

I: Give me an example, please.

SS7:1 mean developing a technology for a specific grad people to help
their situation, but making sure to work with thémunderstand how it's

actually going to benefit them and what impactsatld have.

This is a distinctly liminal position that can bees as a broadening of the scope in Positign
with a shift from one’s treatment of others to timpact of one’s actions on others. Here, clearly

identified active subjects are placed into relatidth others in a more systemic way.

Positiona3 — Social justice as helping

At this position, students focused on social jestis the act of helping or providing help in
response to a perceived need, e.g., to build iméretsire or construct cook stoves in developing

countries. Generally, students did not indicatéearaconsultation process with “local” clients.

I: And what would it mean to do social just engineg?i
SS2:Well | guess ... if it's a developing country | ggesngineers who are

involved in ... building infrastructure and thingkdithat.

SS6: Regular engineers can be part of social ... wek like cook stove
people, those engineers, they're part of socidigesthey understand that the
cook stoves ... that some of these families haveiigriy them so they feel a

need to correct it by creating a new one.

188



I: Okay, and are they creating them with input frdma tocals or are they
designing them over here and then just go over ghd...

SS6:They've talked to the people | think.

This is another liminal position that can be sega aranching from Positiarl, but here the
focus is on actively helping others who have ag@iged need. However, the focus is much
narrower than in Position2, and the wider context surrounding the “needroblem” is not

emphasised. Clearly expressed active subjectsaarefthe position.

Positionp1l — Social justice as general characteristics

Another well represented position among the stuweas talking about social justice as
something more general or intangible in naturesroftsing terms such aguality, accessor

fairness.

I: What does [the term social justice] mean to you?

SS5:The thing is often | think in binaries, so | thipstice is whether if it's
fair or not fair. So social justice is whether ot society is fair or not fair.

I: Okay for whom?

SS5:For the people. | guess you can't even think foisthe people you have
to think about the environment as a whole ... liike whole ecosystem ... |

mean we have to think about nature as well.

I: Do you feel that social justice would be mainlyoab redistribution of
goods or are there other parts that are important?
SS2:Well, | guess going back to the gender issue itdelfhere was more

social justice, | guess if there was more balaves én the engineering field
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itself, it's so dominated by men, and | think ieteystem was more socially

just it would be easier for women to enter thedfimhd things like that yeah.

SS3:Some things with engineering such as gadgetsHié&éPod or stuff gives
us a certain perspective of happiness and whateed or don't need ... |
don’t think that it's just because some people tared such improvements,
like technological improvements. And if it was twk socially just or like fair
all across the board ... have a balance of both dusame people are overly

developed and some are not developed at all.

I: So if | say this term social justice, what doeg thaan to you?
SS4:Equality across class and race and things like tha
I: Okay, so how would society look if it was moreiatlg just?

SS4:1 guess people wouldn’t be starving or exploitedhie workplace.

This is a liminal position where the subject sakds a back seat, and in contrast taothe
positions here the subjects do not take possee$wurial justice, but treat it to some extent as
something that has an independent existence outaidan relations. Both distributional and

relational dimensions of social justice are ackremlgked, but mainly in general terms.

Position 2 — Social justice as understanding the underlyiogntext

Central to this position is an emphasis on undedstg the underlying context in order to work
for social justice.
SS7:1 mean | think that ... in order to work for sddiastice or at the very

least make sure you're not working against it, aue to be aware of what’s

190



going on and what you’re doing, and so you havapily critical thinking to
your actions or the actions of others too.

I: Can you think of anything in this course that lialsed the two?

SS7:Um ...

I: I mean it can be a reading; it can be somethirdjisaglass.

SS7:0ff the top of my head not really.

I: Okay, so the link is something that you’ve drawanirall your experience?

SS7:1 think yeah.

This is a fairly advanced liminal position which gimasises awareness, but also active subjects.
This awareness goes much deeper and is more kiiticature than the one represented in
Positiona2. As indicated by the quote above this positiggre@sents a dimension of critical
variation in how social justice is conceptualisetiich is present in the data, but which cannot be

directly attributed to the course.

Positionyl — Social justice as implementing change (withimetsystem)

Central to this position is a desire to implemendifive change while still working within the

current system.

SS3:Well something that I'm interested in is actuallying to Vietham and
helping them sanitise their water and more spetifithe smog and pollution
from the bikes that they always use ... | want skenit an issue that people’s
health are deteriorating or they're not as greahag could be, and | want to
be able to implement change, like change the patidhe sense that alright
the Government should say that these companieddstiobe producing “x”

amount of emissions.
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This is another fairly advanced liminal positiomatho some extent combines elements of Position
al (helping) and Positiom2 (wider scope). This position involves active sab§ engaged in

addressing systemic issues.

Positiony2 — Social justice as challenging the status quo

Central to this position is changing the systerahallenging the status quo. Social justice (or
socially just engineering) is not possible witHie tcurrent system or part of working for social

justice involves changing the system.

SS2:1 guess one example I'm thinking of is medicinkattare available in
developed countries versus ... some things are rataée in developing
countries. So in that sense | think if there wdsetter way to engineer or
whatever | guess | think it could serve a biggempsae than just the people
who can afford medicines, for example.

I: Okay so what are you talking about there? Aretatking about how things
are made or are you talking about distribution or?

SS2:1 think the whole system, the whole process thatglace, if everybody
could like help towards changing it.

I: Okay so engineers ...

SS2:And engineers are a big player in that field beeatlney’re so involved
in those aspects, do | make sense?

I: Yeah | think yeah it's like they're a part of theocess sort of.

SS2:Yeah and they can act as like the catalyst to teelpet other people on

board yeah.
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This is a position that boarders to a post-limstate, as social justice fundamentally is about
changing an unjust status quo (Marullo & Edward€®. Here, active subjects are involved in a
dynamic process to change the current system. e sxtent the advanced awareness in

Positionf2 is combined with the action form Positigh

Summary of the social justice outcome space

Nine liminal positions (or in some cases contodingasitions) related to how students in the
course conceived social justice emerged out oflétta. These positions correspond to an
increasingly complex understanding of social justiad range from a contradictory pre-liminal
position to bordering to a post-liminal state whigne need to challenge the status quo is
highlighted. The most prominent referential anddtrral shifts in the students’ ways of
experiencing social justice include a shift fronsgige to active subjects and shifts from no
clearly expressed focus to focus on the subjestfeto focus on more systemic issues. There

was also a shift from talking about social justisesomething static to something more dynamic.

The role of Critical Thinking in the Course

Critical thinking was at the centre of this couasereflected in a number of its objectives. For
example, to receive a passing grade students sheuwddhle to “[t]hink critically about science,
technology, and ethics, identifying and analyzingdety of ethics problems” and “[e]xplain the
complex relationships among science, technology,adhics in current social contexts, and how
these contexts inform and influence social choad®sut science, technology, and ethics” (Riley,
2008a). In an interview, the instructor expandedhenrationale behind this and the basics of the

approach she used to help students reach thesgiobge
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STE_I: | start with this critique of science and engimegrand the sort of
epistemologies that underlie it just to be ableréoognise that the way
engineering is taught has a name in philosopls/aitdeliberate approach and
there are other ways of approaching it. To undedsthat is to be able to step
outside of it and say okay this isn’'t just how tfsnare, | can actually see a
power structure here now and it's something theduld challenge ... it is a
raising of awareness if you will, but it's an awaees of the power structures,
of the structure of knowledge, of the fact that than their textbook isn't
necessarily the end all be all of what a subjecams it's not the only way of
presenting the material, and it’s not ... not nsagly true.

I: So basically a deconstruction of engineering?

STE_I: Yeah.

Later in the interview, the instructor commentechomw she encouraged the students to take
ownership of their own learning, and in doing sati&rt seeing new possibilities or different

ways of doing things relevant for their own liveslduture careers.

STE_I: | want them to take ownership, that's why | wamrh to be actively

thinking about these structures and how could thing different, and do they
just have to obey the boss, do they just havesterito the professor? No,
they actually could come into a classroom and ul¢tde very different ... So

to give them that sense that there might actual\different expectations or
different structures is important because they mighen they get in a certain
hierarchy start to think about well do the meetihgse to be run this way, do

| have to just listen to my boss drone on...
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Further on in the interview, the instructor gaveoacrete example of a situation in which she

hoped the course would be of use for the students.

STE_I: There’s always this question about how involvesl they going to be
in military projects, right? And for all of thes¢éudents they have to come
down in a different place on that, and if they junshk about it | will be happy,
because we have so many students that go in ndwoutithinking about it

and it pays the bills...

Now, while the course instructor placed criticahiting at the centre of the course, how did the
students perceive this and what impact did theltfeecourse had on their thinking? Here is a

selection of quotes illustrating student perspestiv

I: What do you think [the] course is about?

SS7:1 feel it’s really an exercise in critical thinkingguess just identifying all
of the possible issues that are at play within diqdar bigger issue and
learning to | guess have the tools to look at thingpre critically and not
accept them for face value ... | guess just reallgkimng at information,
challenging the assumptions that are made withdtanderstanding, | guess
being critical of it ... | think that I've always be&ind of prone to think along
those lines anyway, but [the course] also has edawxe to a lot of different
sources or issues or something that | hadn’t realyised were out there ... in
learning more facts that | hadn't considered befbkend of opens me up to
the possibility of there being more things | hadighsidered before, so it kind

of pushes my boundaries in terms of how | thinkuahbings.
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This student expressed a position similar to th#te course instructor, and while she felt that
she already was prone to think along similar lisk® thought that the course had encouraged her
to develop her critical thinking skills further. tontrast, the next student perceived a shift m he

thinking due to the course.

SS5:1 find the class, the topics in the class thatdigeuss have forced me to
look at things differently, like with a differenye ... I'll think about it more
and ponder a little more and I'll figure out okayybe there is more to this.
What are the negatives of this? ... When an engiaegtan architect built this
structure did they consider the implications of wimey’'ve done and how it
affects latter generations and things like that?

I: Before the course you didn’t think that way?

SS5:Not really no.

Similarly, yet another student pointed out howdbarse encouraged thinking in terms of further

deconstruction of an issue, preferably from mugtipbints of view.

SS6:Another thing [that | will walk away with from theourse] is ... how to
think of different situations from different pointd views, and | consider
myself a pretty open minded person, like | haveahdity to do that, but ...

there’s always more layers that you can look atfeord.

However, this type of questioning is not alwaysyeasit rather challenging, especially

when turned toward one’s own actions or life, ag 8&@nmented.

I: Have you learnt more about your future career ahdt\Wi means to be an

engineer?
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SS7:1 think that the immediate effects that I've sewdnt are kind of small

[and] could pretty much be summed up in just disooin[Because in] the
senior design clinic ... ultimately the request fory] project came from the
Department of Homeland Security, and nominally &'system to help fire
fighters navigate in a burning building, but in theck of our minds we kind
of have the “what else could this be used for” tjoagthat we’ve just kind of

been pushing away, and this class brings issuedH#t to the forefront ... and
| guess that's how | see it affecting me down tbadr, just the discomfort
associated with knowing that I've been told | n¢edlo whatever and being
aware of the other issues and trying to figurelmw to do deal with that in
terms of my career but also in terms of ethically.

I: Has the course started that?

SS7:1feel | already had the inclination, but it wakteasier to push it down

when | didn't have to directly think about it twiones a week.

In addition, SS7 highlights how an ongoing cour#é & continued emphasis on critical thinking
keeps bringing troublesome questions back intofpaten it otherwise would be easier to

forget or ignore them. While this was just a srsalection of the students’ own perceptions of
their critical thinking abilities in relation to ¢hcourse, overall it seems it seems that the course
was successful in at least encouraging studerssitbthinking along these lines. This assessment

is also echoed by the course instructor when dtexted back on the course some time after its

STE_I: In the end, their final reflections showed a rangfe personal

transformation—some wrote eloquently about howrttiénking has changed,
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and things they are doing differently, while otheraybe didn't even seem to
understand the question. Interestingly, this did necessarily relate to
engagement or class performance. So that's an tamgdesson | think... that
other parts of students’ lives might impinge onirtlday to day performance,
but the course is still having an impact on therheyl may not learn the
content as well if they don’t do the reading, duheir conceptual framework
or outlook toward science, technology and ethigsefwineering and social
justice) is changed, that is far more valuable. Amakt did seem to get the

“big picture” points.

Concluding Summary and Reflections

While STE counts as an engineering ethics courdi#érs from most other courses with this
classification as it emphasises a more societatamimunal macro perspective rather than the
more common individual micro perspective. The didibn between macro and micro
perspectives serves to situate the course in a aimlemic context. In practice, in the classroom
little time was spent on philosophical definitiobsit rather on exposing the students to a series of
thematic blocks which problematised the role ofieegrs and scientists in varying contexts. The
main ambition of the course instructor was to hbgstudents begin to understand the socially
constructed nature of science and technology bgweaging them to develop their ability to
think critically.

Social justice runs as a strong undercurrent thr@ugumber of course elements, but
the term was rarely, if ever, used explicitly i #lassroom during the time | observed the class.
This might be one reason for why some studentsespbkocial justice in quite general terms

when asked what it meant to them. Despite this eagss, nine liminal positions emerged from
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the data. While these positions can be arrangaddardance with increasingly complex
understanding of social justice going from a pneHtial state to bordering on a post-liminal state,
it is somewhat unclear exactly how the course dautied to the positions in this outcome space.
The position corresponding to seeing social jusiE@rofessional conduct and considering the
wider impact of one’s actions fits well with magverspective of the course. However, eventual
relationships between the other liminal positiond the course are less clear. Here it is important
to point out that the interviews were concludedbethe last thematic blocks (Dissent; Feminist
Re-visioning; and Engineering, Social Justice, Badce) of the course, which had quite apparent
ties to social justice. In addition, accordinghe tourse instructor, Smith College tends to be a
more liberal place than other more traditional emsities. This and the fact that students are
required to pursue courses outside their disciptiight have played some role in the liminal
positions that emerged out of the data. On therdtéied, the instructor also commented that
engineers tend to be more conservative than othdests and that she felt that the majority of
the students in the class were fairly typical eagiing students.

To conclude, it is quite likely that the course Isathe impact on how students thought
about social justice. One thing is clear though,abntral role of critical thinking in the course
was reflected in the students’ perspectives orcthese, with a few of them feeling that the
course had encouraged them to engage in this Kitidnking and reflection. Furthermore, ability
for critical thinking is important for engaging Witocial justice in a constructive manner and
thus, the course is likely to help students naunggthe liminal space of social justice to some

degree.
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Chapter 7
Exploration of Key Pedagogical Characteristics fofencouraging

Students to Develop their Critical Thinking and Approach Social Justice

It is one thing to argue for the need for engimegegducation guided by the ideals of social
justice but how to actually do it in practice iso#irer. The approach used to study student
learning in three different courses with conneditmsocial justice was described within the
methodology and method sections of Chapter 3,lbe/* and “what” of learning in these classes
were reported on in Chapters 4-6, and the pedaaldgiplications of those studies are presented
in this chapter. First, to situate this discusserange of perspectives from different education
scholars are introduced. Prosser and Trigwell (1988vide a starting point by arguing that good

teaching in higher education involves a continuswnareness

of students’ present learning situations;

of the contextually dependent nature of teaching;

of students’ perceptions of teaching technologiediding information

technology) used in teaching;

of the student diversity (including cultural divigy¥ in classrooms; and

of the need to continually evaluate and improvehesy. (p. 166)

One implication of this is to be aware of the diffiet approaches students might take to their

learning. Drawing on phenomenographic researchttB@904) discusses two such approaches:

[A] surface approachin which the focus is on the task as given, onsige,

on doing what the task seems to call for in thecatlanal situation; and a
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deep approachwith focus on the meaning embedded in the tasit,wihich is
signified, on relating the task to prior knowledgad experience. These
approaches are not characteristics of individuadlestts but are, rather, the
result of the student’s interaction with the taskhe learning context in which
it is experienced. Thus, a student might well (anthout choosing) take a
deep approach in a task that is of intrinsic irdgrevhere it is felt that the
teacher will give significant feedback, and whelt®e tcontext invites
engagement with the subject matter, And the samdest might take a
surface approach in a context that is uncertairerevthe task seems arbitrary

or busywork, where the study programme is crowahebtane is short. (p. 17)

For students to be successful in grasping all timeptexities surrounding social justice they
likely need to adopt a deep approach to their lagrrand thus, teachers should strive to create an
learning environment that support this. Mezirowd@0emphasises the need for this supportive

learning environment further:

[L]earning theory must recognize the crucial rofesupportive relationships
and a supportive environment in making possibleoaentonfident, assured
sense of personal efficacy, of having a sel—owesel-more capable of
becoming critically reflective of one’s habitual darsometimes cherished
assumptions, and having the self-confidence to @&@on on reflective

insights. (p. 25)

A supportivelearning environment is not necessarily the sasrgsafelearning environment.
hooks (1994), for example, comments that many peafies feel that a classroom should be a

“safe” place, but that this leaves little room foe students’ emotions and passions and that those
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who come from marginalised groups rarely feel gafe conventional North American
classroom. Ellsworth (1989) points out that therethings each of us never can know and thus,
there cannot be a universal approach to studenbwanment, but rather, teachers need to be
attentive to who is in their classrooms and recagtidifferences as ‘different strengths’ and as
‘forces for change™ (p. 319). Similarly, hooks @4 argues for the need to “build community in
order to create a climate of openness and intalécigor” and “that one way to build
community in the classroom is to recognize the &aueach individual voice” (p. 40).

Cousin (2008) observes that “threshold conceptritischave suggested that we need to
convey to learners that discomfort and uncertaangynormal dimensions of learning” (p. 263)
and continues to suggest that “the idea of thresbmhcept mastery is tied into seeing unsafety as
an unavoidable part of the learner’s journey amdctbncept of liminal states offers an
explanatory framework for this journey, which linkg learning with identity processes” (pp.

263-264). Palmer (1998) reflects on this poteméatner discomfort in a wider context:

Good education may leave students deeply dissatiséit least for a while. |
do not mean the dissatisfaction that comes frommh&ex® who are inaudible,
incoherent, or incompetent. But students who haenhwell served by good
teachers may walk away angry—angry that their piieps have been
challenged and their sense of self shaken. Thisofaissatisfaction may be a

sign that real education has happened. (p. 94)

The main body of this chapter constitutes an oeevwof different key pedagogical characteristics
of the three courses studied in this dissertafitre. chapter is concluded with a summary and

some reflections.
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Key Pedagogical Characteristics of the Three CourseStudied

By drawing on students’ perceptions of their coespecially related to the questions “What
helped your learning” and “What aspects of the seutid you find useful?”), the teachers’
perspectives on the choices they made in desigmidgeaching their courses, and observation of
actual classroom dynamics in each of the threesesua number of key pedagogical
characteristics could be identified emerging fréwa three courses. The most prominent of these
were the opportunities and challenges of: an iigeiglinary classroom, a seminar-based
classroom, the role of the teacher as facilitatar iadirect guide, student autonomy and
responsibility, and constructive course assignmdritese key characteristics are further
discussed below, together with additional pedagdgispects of the three courses, and are in
most cases illustrated by quotes from studentsrestiictors. In addition, an example is given of
how the research reported on in this dissertatimtributed to practice in one of the courses.
Here it is important to acknowledge that concerighirise about the fact that much of the data
is drawn from the perspective of students. For etathe course instructor of SDPC had the

following to say regarding this:

SDPC _I: You have to sort out whose perspectives to piserit.. from an
instructor’s perspective my experience is that estdsl don't have a very good

sense of why a class is working or why a clasg sorking.

Adawi and Linder (2005), on the other hand argaé: th

The pedagogical value of phenomenographic resdaghn its potential to
improve teaching and learning in [a subject] byingkthe learner’s
perspectiveand focusing on thessential variationin the ways that key

concepts, principles and phenomena may be tholbgluta(p. 6)
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While the research approach used in the study sieclin this chapter combined elements from
phenomenography and threshold concept theory,hausddiffers from conventional
phenomenographic approaches, the newly adaptecharged approach taken in the current
work, builds on this essence of variation withim dretween conceptions and yet takes it further

by considering the variation through the liminahsp of these conceptions.

Some opportunities and challenges of an interdidmpary classroom

Each of the three classes studied had a diffetedést mix.Science, Technology, and Ethics
(STE) consisted exclusively of students with t@engineeringSustainabldesign Politics and
Culture (SDPC) was made up of students from mainly tecniisciplines, including engineers,
architects, design majors, and one or two sciendd®majors Engineering and Social Justice
(E&SJ) had the most radical diversity combiningiaegrs with students from social sciences
such as sociology and developmental studies. Iitiaddhis class was co-taught between an
engineering professor and a social science prafes$ile the other classes were taught by one
professor each. In E&SJ the idea with bringing shis from such different disciplines as
engineering, sociology and developmental studiesthat they would learn from interacting with
each other. For most students it was a novel esqpegito share a classroom with people
influenced by the thinking of a radically differaiscipline and this encouraged them to expand

their horizons. Here is what two students had yo sa

QS14: 1 loved that there was a mix ... | would love to smere interaction
between engineers and sociologists, but again lldmiuwant that sort of
thing imposed ... but | wanted more of it to happest jpecause it was so

interesting. When we were working with QS8 ... sheswiae only non-
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engineer in the group and ... she just thought efgdivery different than we

do and I really liked that and would have likedsé® more of that.

QSR12: The most valuable aspect of the course was thertappty to

interact with other students coming from very diffiet backgrounds,
especially the engineering students. | found thelass discussions very
interesting, especially as students with differgerspectives tried to
understand each other and communicate their irgqoons of subject matter.
... the opportunity to work together and question assumptions of what we

think we know.

In a similar vein, the professor of STE commentedre lack of students shaped by radically

different thinking than engineering.

STE_I: I still hope that someday I'm going to get somgbfidm the other
side of campus, and then that will raise the les@Imuch ... if | get a
philosopher in the class or if | get ... a major frdfomen’s Studies it'll
change the whole thing, their perspective, it#aathange the group dynamics
so it could be good or bad, but depending on who'there it could really

help.

Most of the interviewed students in SDPC thoughtitherdisciplinarity of the class, albeit
narrower in comparison to E&SJ, beneficial for dssion. However, some students and even the

instructor saw difficulties:

SDPC _I: | think it would be easier if they were all thensa.. Because |

think the course content is stretching them outeidieir discipline as it is...
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And if we all stretched out in one direction it vidipe easier than stretching

out from multiple directions.

One student commented that a lack of a common gratithe beginning made communication

across the disciplines difficult.

RS3: [In another course the instructor ] introduced d¢lass as introducing us
to the discourse ... so that was really great tmx#ugave us a background of
information so we were all on the same level ofarsthnding so we had a
ground base for discussion.

I: Okay so you sort of miss that here?

RS3: It's really frustrating and ... | feel like we'maissing that ground level

of being able to communicate for the sake of thgesit and not the subject in

the context of [University].

Based on the discussion above it appears thahfpneering students trying to grasp topics as
social justice it can be beneficial to be in thexsalassroom as students from disciplines notably
different from their own as this is likely to brirzglditional new perspectives and broaden the
discussion. However, if the class size is very soratudents from one discipline are in a
significant minority the dynamics of class discossbecome very dependent on the personalities
of the individual students. For example, the asgdtitre students in SDPC felt a bit marginalised
in the engineer dominated class. On the other haride 2008 iteration of the E&SJ class the
social science students were in a clear minority because a few them had strong personalities,
they made their presence felt in the classroomn®ugain, they had an ally in the social science

professor.
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The value and challenges of team teaching

In E&SJ the presence of two instructors from déferdisciplines helped to facilitate
communication over the disciplinary borders, sitieeengineering professor could act as
“interpreter” for social science terms, unfamiliarthe engineering students and vice versa for the

sociologist with technical terms.

I: The most fruitful part of what's happening in tiassroom?

QS2: The discussions definitely, you learn from eadteqtright? ... | like the
fact that [either of the instructors] talks andrthgpens it up for discussion
because then they ... also reconsider and ask waf{ttre other instructor or
the students] are saying so anything that wasedratut before is cleared up

through the questions that the class brings up.

In addition, the instructors are people with opendad attitudes willing to critique themselves
and each other. So the students knew that disagréemas OK as the two instructors could
argue with each other and take different positadungng discussions. This resulted in that the

idea of the existence of a “right” answer was avajied.

QS14: [The course] taught me that my opinions and myasdelon’t
necessarily have to be right or wrong as they wtgn are measured and
considered in engineering—right answer, wrong ansvead it's just very
weird to think: “Oh! here’s an idea and that'siaik” ... it's not an answer or

right or wrong or ... you could judge it accordingl

Ideally, the kinds of classes discussed in thiptgrashould be co-taught between an engineering

professor and a professor from another appropdiatgpline. However, a potential barrier to this
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is finding the time for academics who might alreadye significant teaching commitments to
“double up” on one course. However, one potentirtg strategy could be to reduce the
number classes as there is so much self-teachiiifigrétht students teaching one another, reading,
project work) so the number of classes with botifgesors present could be half the usual
contact hours, hence, the same work load.

Another important aspect of the team teaching ir5E&s that both professors marked
all submitted assignments so the students alwayswgosets of feedback detailed and according
to the professors this made a big difference irsthdents’ performance. Again, a potential
barrier to this is the lack-of-time-argument, bimitarly to how the number of classes could be
reduced the number of assignments can potentialgubin half. Well conceived and designed
course assignments (as discussed further belowbioechwith the level of excellent feedback
given to the students of E&SJ from two differerdaiipline professors will be a great vehicle for

learning.

Some opportunities and challenges of a seminar-lthskassroom

Freire (1970) made the distinction between whatdiied banking (passively being told the
“right” answers) and problem-posing (actively findianswers through dialogue) education and
how the latter is more appropriate for helping heass successfully engage with topics such as
those covered in the courses discussed here. Tdeseare not necessarily unique to Freire, but
in the context of this chapter his ideas are swfficframing devices. Drawing on this, the three
courses were run as seminars focused on activieipation and the classrooms were in the case

of E&SJ and STE (and sometimes SDPC), set up ilitdde this.

I: What do you think of the course format? The gitiima ring and mixing up

with everyone?
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QS6: | think it is good, | don’'t know how you could et organise a course
like this. Everybody get to face each other andtsegerson that is talking, it

is not like the lecture where everybody is faciogMard to the front

SS1: | like the way the classroom is set up also, weiténg around kind of
like talking about it, whereas if you have the sfmml course setup of
everyone sitting in rows starring at the teachéhihk the interaction you
would have between everyone else wouldn’'t be afe and | think [the
instructor] is pretty good about getting everyopetalk, even though it's

intimidating if you haven’t done the reading ané’ststaring you in the eye.

In addition to a classroom that encourages intenaca small class size is crucial since it
becomes impossible to have a meaningful discusgittntoo many participants involved. Also,
as students are moving into risky territory, itngortant to be able to “hold” their fear. This

cannot be done in a lecture theatre.

QS9: | am glad | took the course. | think it's an imfamt course and ... |
wish everyone would take it in engineering buthen you'd have to go to
lecture style of this is “engineering and socialtijce” and then one wouldn't

take it seriously so...

QS6: This is a course that wouldn’t be very good ivds a lecture. You need

the discussions.

The role of class discussion was spoken aboupiwsdive light by a majority of interviewees

from all three classes.
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RS2: 1 think the class discussions are really sort eftiost, not helpful, but
like the key feature in the course, | think it'sstlstrongest feature in the
course.

I: What do you get out from the classroom?

RS2: A lot of just different opinions that | would nevkave thought of. So
the beauty of everyone coming together is thatyewver gets to speak and
that's why he pushes for the participation becdilse everyone gets their

ideas out.

However, for students who are not used to discodsiged courses (such as many engineering

students) the switch to this type of classroom mgybve an initial challenge.

RS7: The discussion, it was really hard to get usebecause | never really
had a discussion based course, but it's probaley bee best in the end.

I: Okay. So it was sort of a ... a bump to get over?

RS7: Yeah.

I: But once you got going you feel that it is a goearhing experience?

RS7: Yeah.

However, if discussion is used to drive what hagparthe classroom students need to participate

to make it work.

SS5: I'm kind of disappointed in the class honestlycdese | feel like out of
the eight students that are in the class ... oolyr fof us participate in
anything. So there’s a lack of participation, ancally want to know what
other people’s ideas are, but they don’'t speakngpifathey do you can't hear

them and | just get really frustrated.
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While some of the interviewed E&SJ students saad they preferred to listen to their peers
debating rather than participating in the discussi@mselves, this had less or no impact on the
ability of the class to sustain a discussion sitlass size was larger in comparison to STE.
However, this raises questions about who getsaakspnd who gets to dominate in the
classroom. Drawing on the work of Ellsworth (19885 hooks (1994) an important aspect to
consider is how to create a respectful learningreninent where students have the autonomy to
explore and engage with the themes of the coursagh their own agency. The instructors of
the three courses generally did not tell the sttedehat to think, but encouraged them to come to
their own conclusions through the use of open-erhedprobing questions. However, while the
instructors knew how to do this respectful, buting dialogue, the discussion dynamic between

the students in the class was not always as snoodineficial.

QS10:1 feel that opinions are really respected wherpfeput up their hands
and they're asked to talk, | feel like everyonevésy respectful ... but | do
find it [discussing with engineers] intimidatingsfjubecause a lot of people
seem to have this very dominant and clear view af hhey think things
should be ... | find it very challenging to constrat argument that is a
counter argument in the convincing way, and | fthdt some people have

such a ... they made up their minds so clearly.
In addition, some students appeared to find it &rdublesome when their position or thinking
was challenged by probing questions from their peethe instructors.

RS5: Okay so it's supposed to be a discussion format] feel like if | say
anything then no matter what | say it just comdsasfbeing stupid, oh you

shouldn’t have thought that, you should have thoagjout something a little
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bit more deeply, but it’s like it doesn’'t mattereine just discussing that. Like
if I have a point then | can say it and that’s jastvalid as what anybody else

wants to say.

This particular student followed up on this themeethe course was over:

RS5: 1 know [that] in our interview | was very frustratdy the class and by
[the instructor] in particular. Even if | took tlsame class again, | still think
that | would be bothered by the way it was tauht, | do think that | was
able to take something away from the class. .or'tdknow why | had the
impression all semester that [the instructor] hates] because | just don't
think that is true. | have had [the instructor] fao classes now, and out of all
my professors he is probably the one that | hawtegao work the closest
with and been able to get the most personalisedbfexk from—even if his
comments aren't always what | wanted to hear! mkhhat the personalised

feedback is very valuable though.

Role of the course instructor

In a seminar-based course the instructor takeberole of facilitating discussion (if this role is
not ceded to students). In line with Freire’s (19d@Bcussion of problem-posing versus banking
education, all three courses strived for a faidyizontal relationship between professors and
students and the instructors most often triedke tastep back and let the students take
ownership of the discussion while trying to provakedents’ arguments and thoughts one step

further when needed.
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QS1:[The instructors] are always questioning in teohsvhat we're handing
in and everything ... [e.g.] Is this socially just just charity? | think that
constantly being asked that question is very heipfterms of defining social
justice and now because of that ... anything thas geilled into you, you
keep on thinking about it. So it's good.

I: So the constant questioning makes you ...?

QS1: Yeah, sort of routine to think about that in dayday life. There are

definitely cases now where I'll be thinking: Waisacond!

This encouraged students to not only state anapitiut actually try to take a position which is
much harder and requires more critical thinkindine with the discussion above this probing

dialogue needs to be carried out in a respectfuinma

RS6: The fact that we call the professor by his firsime, it changes the

whole dynamic of the course because [you] feel mmoine comfortable to

talk to him in and outside of class, to email him,participate in class, his

teaching style is great where even when you malmmment that isn’t

correct or not always very intelligent or maybe abtays insightful he never,

he always brings you up to that level.
From the study of the three classes it can be vbddhat when helping engineering students
grasp topics as social justice and/or developcatithinking skills it is important to encourage
students to take responsibility for their learnamgl provide a learning environment that allows
for this. However, since engineering students ataised to classes carried out in a seminar
manner it is important for instructors to provideagh support to help the students cope. While

student autonomy is very important for studentdeteelop as independent, critically thinking
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individuals there needs to be enough structurbesonain message of the course is not
completely lost. Ideally, this is done through medt means, such as open-ended questions, that
help students develop their conceptual abilitiesubh their own agency rather than the professor

trying to tell them how to think.

I: What do you feel has been the most important gfattte different aspects
of the course?

RS7:1 think from the discussion ... the way we all tadkand just the way [the
instructor] leads the course, because he alwayes takatever conversation
we’re having and he steers it, he always like agkedquestions to make it

bigger.

In addition, E&SJ was taught in what course ingguRichard Day refers to as the “jazz” style

of teaching (a fixed structure but which allowsatraty to emerge and bloom) which provided
the flexibility to adapt aspects of the course geirthe need of the students. One example of this
is how the instructors decided in the 2009 classhmge the focus of the students’ second essay.
Rather than writing a critical response to onehefweek’s readings, the engineers and the social
scientists got different assignments. The engineers asked to do their best at deconstructing
some of their own writing or thinking. The socialentists were asked to find viable alternative
solutions to current practices while acceptingdbestraints of engineering and not simply
deconstruct and point out flaws and shortcomingh@g might be used to doing. Much anxiety
could be observed in the classroom about this resigiament, but after more detailed
instructions with illustrative examples were seut the students produced some remarkable
essays, as reflected in the excerpts presentde isection on perception shifts of engineering in

Chapter 4.
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Student autonomy and responsibility

All three courses put a great deal of responsyhalit students for their learning. In a seminar-
based course students need to keep up with caadangs and to develop the desired conceptual
tools they need to engage with the material anticgzate in the classroom discussion. The
degree of autonomy students had varied betweetotmses. IrEngineering and Social Justice
(E&SJ) they got to decide what weekly readingsritically respond to and how to execute group
projects they had chosen from a list or generad® twn project. IrScience, Technology, and
Ethics(STE) they had to prepare and lead the class shsmutwo times during the term and
choose the topic of their term paperSastainabléesign Politics and CulturéSDPC) they got
to choose a significant portion of their (individuaadings and the topics of their case studies.
Facilitating increased student autonomy for beimdfstudent learning outcomes
requires important skills and understandings oralietf the teachers and the students. In SDPC,
picking their own readings worked well when studerduld link them to their case studies later
in the course, but initially when building a contegl tool box the freedom created confusion and

made class discussion difficult at times.

I: How much freedom should students have to pickinga@

RS7: | think the freedom isn't bad. ... [but] it's likee didn’t really know
what to choose. So we're just bringing in kind ofything and it wasn't
always very educated how we picked what we wenegbrg in. ... | think it

was troublesome and I'm confused.

RS6: Originally ... all our research updates [and] teadings had to be
related to what we were learning in class, theedifit topics. Once they

shifted to now write the research updates about gase study then it became
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an actual research update, then it became morevargleSo now the
discussion in class is very helpful because I'mimgproblems in my paper

and I'm able to talk about that with other students

Here it is worth noting that the challenge thigiadiconfusion posed to the students might very
well have paid off later in the course in termshe students’ conceptual abilities, but the teacher

needs to be aware and support the feeling of lmitgjde the students comfort zone.

SDPC_I: [U]nderstanding an STS type analysis, a complestesys analysis
of sustainability is not trivial ... recognising haemplex it is especially for
engineering students who really are taught from alag that if you're smart
enough and you get all the variables you can cbttiowhole system. Like
that is the way their education is organised andamesaying no the system
too complex, you can never control everything.It’'s hard for them to
experience that from an educational point of vithey're used to being told
like here’s the equation to solve this, here arethe ten principles of
sustainable design, apply each one of these plasciand the course is
absolutely the opposite of that. That quagmiree and the fact that they
suffer is making me uncomfortable as a teacheabuistart to look back on it

| see it as being generative.

In STE there was some agreement among the stuthanieading class discussion benefited
whoever was leading a particular class, since fiaelyto read more carefully and come up with
guestions to ask the others, but overall studgrgeared to prefer the discussions facilitated by

the professor.

I: The students leading is that a good part of thes@l
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SS7:1 kind of have mixed feelings ... | feel like ibés encourage the people
who are leading discussion to get a lot out of ibut in the first few student-
led discussions | kind of felt the absence of tiructor, where it was like
okay we're coming to a standstill, we're saying fagne things over and over
again, why doesn’t she jump in and get us backrack? ... [Now] we're
more comfortable leading discussions and so westéngy better at it ... | feel
like at the beginning it was kind of a sink or swapproach where she just
kind of was completely hands off and just saw what did, and now that
we’ve kind of gained our footing she’'s more comdibie coming in and
helping us every once in awhile. ... | mean in sa@ese | feel like if she had
held our hand more throughout the process we wdubhdive learned how to
do it as quickly. ... So | mean | don’t know if bwid have any suggestions to

make it better. ... [At first it] was really uncoonfable.

The instructor felt that while the student-led slEsimproved during the semester they often
missed critical aspects of the reading and thahsalkeo step in and highlight these. She
suggested that the students’ lack of previous éspee of facilitating class discussions resulted

in these class dynamics.

STE_I: They don't get to choose [the readings] but byirlgtthem choose
which ones they present they can identify with sahéhe topics, they can
take responsibility for them, they can pose thestjoes they want. | am kind
of rethinking that this semester because it hagrie as well as | would have
liked. ... | prepare too when | come in and | hawe set of questions and if

they don't get to those | jump in and interject enin it's sort of a scaffolded
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leading of discussion. If | were more organisedytimeight turn in their
guestions to me ahead of time and | would meet thigém and help them but
that's a lot of extra work on my part. The classuldoprobably go better if

they did because they really don’t know how totdo i

Developing skills for students to learn how to tear these contexts becomes an important

preparatory step.

Constructive course assignments

Student assignments were an important part of eagtse studied. These took one of two main

forms: 1. Reflective essays or research updatesevdtedents often had to position themselves in
relation to course readings. 2. Research caseestodigroup projects where students focused on
a particular topic, situation or context. The latigoe of assignment served as a significant dart o

each course both in terms of work and grading.

Relevant community based group project

An important aspect of E&SJ was the use of relefiatgrdisciplinary) community based group
projects focusing on issues such as uranium mioimignd claimed by indigenous people. As an
example, in this particular uranium project thedstuts were introduced to a situation arising
from discrepancies between federal and provinaialthat resulted in the commencement of
mining operations without consultation of the ireigus people claiming the land which usually
is the norm. The students had to unravel a comptdxof stakeholders and attempt to
understand what was going on by conducting intersiand surveying literature and legal
documents. They ended up proposing that the infbomshey gathered could be used as a case

study highlighting the complexities surrounding imegring practice. Like in most cases, this
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project team consisted of students from both emging and social sciences. Thus, the projects
gave students from different disciplines the opyaty to come together to learn from each other

and break down stereotypes.

QS8: A lot of people have preconceived notions of theidal engineer, the
typical arts student and | think it was amazin@pteak that down and realise a
lot of those preconceived notions are bullshit ..wéts really great to move
out of that and | did have preconceived notionsuab@ur typical male
engineering ... | think that it was really importdot me to ... work with
them and get to know them past my classmates afrgeads and yeah | think

they were amazing.

In addition, the projects gave the students somgthioncrete” to which they could relate the

topics of readings and classroom discussion.

QS8: | learned a lot from the project ... You put in thgamics or the things
that you talk about in class and social justice amatking together and
community building and local initiatives and engagiwith your world as a
community ... | talk about that kind of stuff all thiene but to actually work
within a group and look at an issue that's actutdlying people today really
shows me that if people do get together and waeh thtle things can be done

to help promote justice.

The projects also allowed the students to engatieanireal” social justice issue which made the

learning experience more personal.
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QS7: | think it's important the projects happen becaiisgets your hands
dirty and really makes you realise that we're tadkiabout people being
oppressed as a result of this or left out as dtrethat. And you know we go
and interview people | think it might give us thpportunity to realise who
that is and give a face to these ideas ... But, rigwu’re sitting in someone’s
house and they're telling you that they just cafford the Internet and as a
result you know they couldn’t use these serviceh thieir telephone provider,
they couldn’t do this or they couldn’t do that drey can't talk to their
granddaughter because she doesn't like writingretou know. | think that's
when you really have to face those issues and domierms with them

somehow.

The projects offered different challenges for stud@f each discipline. The social science
students were not used to working in group projdmis often had knowledge of required

methods and some awareness of the issues at hand.

I: Have found anything in the course challenging?

QS2: The project is challenging | think, because ... hot used to being in
project groups and then making time. I'm just sedu$o this is your essay
make your own time to write it, schedule it. | ligeheduling when I'm gonna
do what... with projects you never know, you havect@ange your schedule

and make it work for everyone ... working with peoptpiess.

The engineers on the other hand were used to wqrkojects but often lacked the required

knowledge and awareness.
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QSR1: | found the project to be a tremendous learningeegnce. To be
perfectly honest, when | first tried to do some kvbwas completely at a loss
for how to proceed. | looked at material from otlesign projects I've done
and tried to emulate the same process, but in af tys | found it breaking
down. Some of the concepts just didn’t apply tgeuts of a social nature and

even the ones that did seemed not to get me angwiserful.

This student quote strongly echoes the discussi@hapter 2 about the limitations of
conventional engineering problem solving. Thughimcontext of the course, suitable project
teams included people from both disciplines. Theents were free to choose the projects they
wanted to work on but were encouraged to mix adtesslisciplines and most project teams

were mixed. Overall, the projects were positiveezignces for many students.

QSR6: When | first found out that | would have to betpara group project
involving engineering my first thought was, | hat@up projects! My second
thought, a little more disconcerting, was what tasver contribute to this
project? Three months later | can honestly say thiathas been one of the
most enjoyable assignments of my university catlees far, and definitively
one of the most beneficial for my overall growthastudent. | cannot say
enough about the three guys that | worked withhimdssignment—they have

changed my perspective on group projects drasticall

However, there was a trend in some of the progshs to split tasks up in accordance with
disciplinary skills to better deal with a heavy wdévad and consequently for some students the

project did not help their understanding of sojiatice in any major way.

I: Have you found it useful to have the project ia tourse?
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QS4: As a tool to making me aware of that?

I: Yeah, or how to deal with the issue.

QS4: For me I'd say personally not, but I'm again doihg more technical
stuff. The seminars | prefer more, but I'm suret ttese people might have

more to say.

The use of case studies or term papers

In both STE and SDPC students carried out caséstod topics of their own choosing. How
integrated the students’ (individual) projects werte each course varied slightly with each class.
In their interviews some of the students of STE ommted that they saw few links between what

they did in their case studies and what was distlgsclass.

SS4: 1 think it's useful. | think it could be somethirgher than a ten page
research paper ... I'm having a difficult time appg the, whatever, skills we
learn in class to doing the research becauseld jest like another research
paper.

I: So what would you have preferred?

SS4: [S]omething we could bring into class with us andcdss more ...
rather than having it be a ten page paper havikeitdmaller that we could

present in class or something like that. And &ddkut it.

I: Okay so a little bit more interaction, a little bke we did with the readings

maybe?

SS4:Yeah, a little bit like that.
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SS7: 1 feel like [the assignments are] almost presenteds as something
extra, where the bulk of the course is discussiwt,the class right before
something is due we’ll have a ten minute discusatoout what's due ... | feel
like it doesn't really encourage the working aheadn though we know we
should be working ahead.

I: Okay. So how would you do it? Would you have mategration? Bringing
the papers into the class and sort of, or ...?

SS7:Maybe. | mean even maybe if we just for half of afass every couple
of weeks we came in and broke up into small gramsdiscussed in pairs or
in groups of three where we are with our reseastiat we're learning, how it
ties in, just so that we're forced ... if | knew tHat Tuesday | have to have
this much research done or whatever, and | haveetable to articulate it
because I'm going to discuss it with someone, &ed i know what they're

talking about, | articulate what I'm thinking.

Work on the case studies was done outside of #esi@om with support provided in the form of
a session with the school’s writing centre and liee#t from the instructor on term paper (case
study) proposal, outline and revised bibliograpmd draft. The instructor commented that
despite this support it was very clear that writtntgrm paper was something the students were
un-practiced in and for the exercise to be potéytiEansformational for the students they need

to get past the mechanics of writing. This is &#e in the following quote:

SS5:1 think it's important to note that the class & fust discussion in class
... a huge chunk of the course is writing a paper can come to class and

read and discuss, but the actual difficulty for imesitting down and writing

223



this term paper. ... Writing is not my strong poind shat's why |

procrastinate. I’'m putting it off as much as poksib

However, the same student appreciated the sugminvias given by the instructor:

SS5: I'm slowly learning what an annotated bibliograpisy... | really like

how she’s segmented the project, the paper. Itdike okay write this paper

by December, it's okay I'm going to take you stgpsbep through the writing

process, because we don't really get that in tlggneering classes, and like

lab reports are not the same as writing a termmp&uel like how she’s like

okay first give me your topic, tell me what you wada write, then ... get

some sources, and then she gives us a second doarcemore detailed, and

then having a draft, which | think is really bemwéi if | take the time to

utilise the opportunity as best as | can. So ipste me to actually like write

my rough draft as best | can so that | can getntlest out of the [writing

centre] | get the most out of her comments, lileeall up to me now.
The course instructor suggested that she might toeleel firmer with deadlines so the students
actually finish work on time and consequently canddit from support initiatives such as the
writing centre.

On the other hand, in SDPC significant time wadadd in class for students to
discuss work on their case studies with each o8mme students expressed scepticism toward

this exercise beforehand:

RS5: 1 think the idea of the project is a good ideaaduse [it has] definitely
given me time to look into something specific afm knjoying what I'm

researching. ... I'm a little bit annoyed too theext week we're going to
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spend four hours ... talking about, with other sttd, how our project is
coming, and it said on the syllabus that it wasigdp be case study working
sessions, and | would really rather have those hawars to just ... | would

even just bring in my material and read it theréhim class and get work done.
... I don't think anybody else has done significesgearch. | think everybody
could use that time to work on it. ... | mean telange information maybe
about what we're learning except that pointlessabse we’re doing the
presentations. | don’t think we need to exchandertnation right now. |

don’t know because if we're all still in progress our case study | don't

really know how we’re going to help each other.

However, many interviewees felt that this had besny beneficial especially in terms of helping

them develop and expand their research on a préeess

RS10: It helps to have someone else’s perspective ofisthes at hand, like
sometimes you have a bunch of thoughts in your laeadthen when you try
and explain them to somebody else you realise whatre really talking

about. ... Oh yeah because when you try and exiflaim sometimes it makes
more sense in your head and you realise that theer elements that
contribute to what you're trying to talk about thgbu maybe haven't
specifically addressed and have to look more intd.talked to probably two

or three people that were able to offer really lgk#ical points that | hadn’t

considered.

In contrast to the major assignments of the otlwerdourses studied, in SDPC the case study was

the exclusive focus during the midsection of therse. A few of the interviewees suggested that
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it might have been beneficial if work on the caselg had commenced a bit earlier in the term as

this would have given more purpose to their indraillly chosen readings.

RS7: | really like the case study, because it's not like individual readings
where it was kind of oh you read an article, bettithe next week we're onto
a new topic so you can't really follow up that eleivery much. Whereas, the
case study is everyone got to choose their owrt tdjit they get to go so in
depth that it's worth it. So you learn so much dlibis and you can actually

learn enough about it to actually take it to thggler topic to discuss it so.

However, as the conceptual tools to sustainabiiitypduced in the first section of the course
were new to most of the students in one way orrarptt was important to develop these tools a

bit before using them in practice in the case study

Summary of observations about course assignments

Overall, from the study of the three courses it lbartoncluded that course assignments can be a
vehicle for students to focus their energy and Kedge in an area of their interest. However, it

is desirable that course assignments link to gnaliith other moments of a course both to get
reinforcement of central ideas and to provide kcéfze dimension to something the students

will spend much energy and time on. For exampl&aaslvoort (2008) points out that

community based service-learning projects are notigh by themselves; there needs to be
something that adds an opportunity for studentsflect upon and contextualise their learning

experience.

Some additional pedagogical observations

Other aspects noted in the E&SJ class in partiéntnde the following:
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Large range of media and intervention

The course readings covered a large range of tapigperspectives from texts praising
technological development to texts dealing withrahizm or feminist perspectives on
technology. The idea was to make the students ataohel the complexity of the topics and again

that there might not be one right answer.

QS2: Every week is something different, right? So ttleas were definitely
broadened by that and the questions that peoplerasklen it ... it’s just you

go into it further and you learn that through iatging.

In addition to different readings, variation andedsity in perspective and ideas were also

expanded on by the use of video clips and presenglby guest speakers.

Topics seen from many perspectives with the poteiati of debate

An example of a video segment that sparked a lidelyate in the class was the Seattle police’s
forceful handling of peaceful demonstrators dutimgWorld Trade Organisation’s (WTQO)
meeting in the city in 1999. While this example dat explicitly relate directly to engineering it
was an effective example of what Ursula Frankl@9@), who the students had read, refers to as
a culture of compliance. Here is how two studeetiected upon the film clip and the following

discussion:

QS3: Many engineers in the room were shocked by whatgeéng on. If you
buy into everything that's engineering then youéhavhard time to agree with
the protests.

I: How did the engineers react?
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QS3: For example they called the film biased. Yeah @svbiased but was

unapologetic about it and let it show.

QS8: So for instance when we were talking about the WirQtest riots in

Seattle and about the police using physical forcehe protesters. A few of
the classmates said: Well they deserved it. And,tbécourse, you have this
uproar between people who are like what do you ntbay deserved it? ...
we get into discussions where people are goingsagdee with one another,
but that's the best part ... because | feel thangh can only come from this

kind of conflict and people thinking about it afterds.

Real issues and guests

As an example of how a guest speaker engagedaks, Queen’s University’s Integrated
Learning Librarian spoke of the potential of FaaadQ and similar web communities for social
justice movements, but also of who owns what onrternet and the potential dangers of
monopolisation of virtual social spaces by priviaterests. This gave the students an issue that
was relevant to many of them on a more direct levah, for example, Marx’s writings about

commodities.

I: Do you remember any part of the course ... thakstwt?

QS6: The main thing that stands out for me is commuiuoatechnologies

because ... we read a of lot stuff by Ursula Firiardehd ... we were discussing
about the impacts of communication technologiesatieties. For example,
[librarian] gave a talk about Facebook™ and ourjgmiis all about

communication technology and its impact on sociakements in Kingston.
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So what stuck out to me the most [was] discussow these technologies are

affecting our lives and our societies and everghin

A topic that was focused on through the use of filml by a guest speaker was the recovered
factories of Argentina. This was a concrete exartipé challenged the students’ notions of both
people’s goals and how industry works and showenhtthat there can be alternative business

models than those they were used to from a Nortlerdgan context.

QS7: 1 found it really inspiring that people had provérat if you want to

make a living, you know these people aren’t makingfits per se, | mean
obviously they are but they’re not answering torshelders every quarter and
coming up with bigger and better numbers. Theyirgt jmaking enough to
feed their family ... | really want to imagine thditese people really don’t
want more than just to live lives that are freenfrbunger ... it's hard to

imagine at least in my mindset that that's actutdie ... but at the same time
it's very inspiring to see that humbleness andidie@ that you could work for
something because you need to eat, but not haveidpger and better goal.
Yeah it's hard not to say those kinds of thingg, lave this greater goal of

having more than you know the Smiths next door.

Variation Theory: Incorporating the Results of Resarch

In a previous publication (Kabo & Baillie, 2009ag wuggested drawing on the outcome of that
study as an exercise. A version of that exerciseimalemented in the 2009 iteration of the
Engineering and Social Justi¢E&SJ) course. The main idea was at an early siatfee course
the instructors would expand the students’ undedstg of social justice by having them see it

through the eyes of other students. This was dgrebing them work in their project groups
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and read through a selection of quotes about spsitite from the interviews with the previous
year’s students. Each quote, of 50 in total, cpwaded to one of the nine conceptions discussed
in Chapter 4, except for a few that had not besigaed to a category. The rationale, drawing on
variation theory (Marton & Tsui, 2004) as discusse@hapter 2, was to expose the students to
variation in how social justice is understood bynsone in a similar context as the students
themselves and because this would help students winat the critical aspects are which in turn
would help them develop a more complex understgnalirsocial justice and move further along

the liminal spectrum.

Figure 11: An example of a student outcome épa&@

In addition to reading the quotes, the studentgwasked in very general terms to construct an
outcome space by grouping quotes as they sawdipaimting out any relations between the
groupings. Examples of this can be seen in Figlirerd Figure 12. In retrospect more
instructions of what we (Kabo et al., 2009) expédtes students to do could have been given,
since there was a degree of confusion presentiol#ss during the exercise, which is reflected

in this student feedback:
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Student A: | found it really interesting to read what othdudents had
written. | really wondered about the surroundingnteat of the short

paragraphs we read, and how the paragraphs weicteshl

However, the following student feedback suggesisttie exercise achieved its aim:
Student B: | really enjoyed the quote exercise. | could séet @f myself in
some of the quotes, and at the same time a ldaewafsvthat | definitely do not
share. One thing | found is that they helped toifglaome of my views on
social justice as | had the opportunity to evalwetether or not | agreed with

the statements being made.

Figure 12: Another example of a student outcomespa
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Concluding Summary and Reflections

The three courses studied in this doctoral prgjeate a number of key pedagogical
characteristics. They are all relatively smallxB, respective 30 students) seminar-based classes
in which the instructors mainly take the role dfifiéator of class discussion (when this role i$ no
ceded to the students) and the aim is to creabastreictive and respectful learning environment
that facilitates student empowerment. As can be sepreceding chapters, the pedagogical
practice used in each course appear to help studete toward desired learning outcomes and
was generally seen in a positive light by studél&bo et al., 2009; Nieusma, 2009; Riley,
2008b). The format of seminar based discussionagpebe an almost necessary prerequisite for
this kind of class as it allows the students toaggegwith the topics at hand. An observed
challenge is for instructors to provide enoughdtite and support for students while still giving
the students a chance to take ownership of thedauivered in class and of their own learning.
Additionally, interdisciplinarity offers both oppomities and challenges. While mixing

disciplines can broaden discussion and bring amfditiperspectives, it can also cause difficulties
in communication across disciplines if care istagen initially to create some sort of common
ground for the students in a course. Ideally, twafgssors from different disciplines will work
together, but if that is not an option, then iingortant that the course instructor can play both
sides to act as an interpreter. Another challenigesif one wants to make these kinds of classes
available to a greater number of students as sifeal$ size and term long engagement with the

course topics are essential for constructive stuéaming and growth.
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Chapter 8

Discussion

Up to this point, the exploration of engineeringl aocial justice focused on in this dissertation
has mainly been discussed in terms of the isoledatexts of each of the three courses studied. In
this chapter, a more holistic perspective is adbpted the discussion is broadened by comparing
and contrasting the different studies. In additibe, nature of the data and outcome spaces, the
research process, the conceptual model develogkdti#ised, and the implications of the

findings are explored and reflected upon. This traig broken down in two parts: in Part | the
three studies reported on in this dissertationthadtorresponding findings are compared,
contrasted, and reflected upon; in Part 1l the pseg conceptual model is reflected upon in
relation to threshold concept theory and a poteatianue for further development of the model

in more non-linear terms is explored.

Part | — Reflections and Lessons from the Three Stlies

Comparison of the three social justice outcome spaic

In the preceding four chapters the “what” and “ha#learning as well as key pedagogical
characteristics of the three different coursesistuuh this dissertation were discussed. Now these
different threads will be drawn together in liglitloe emerging implications for (engineering)
education aimed at the themes of social justicecaitidal thinking.

First, the social justice outcome spaces that eedeigy each course are compared.
Here it is important to remember that in phenomeaplgy (and in other qualitative research

approaches) findings are tied to the context studie cannot, in most cases, be generalised to a
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wider context, i.e., by studying engineering anciadustice at Queen’s University it is not
possible say that observations made in that coarextrue for all (North American) engineers.
Nevertheless, due to the thought collectives thaps and connect (North American) engineers
and engineering students, it should be possibdaysomething about the implications the
findings of this study might have for a wider cotitéAlso, through the study of three different
courses critical variation was added to the ovestallly and by comparing and contrasting the

courses and their respective social justice outcgpaees triangulation of sorts can be achieved.

Dimensions of variation between the three course

As should be evident from reading the four precgdimapters, quite a few qualities and
characteristics were shared between the threeepatsdied, while at the same time each course
had its own distinct nature. In this section, sahthese dimensions of variation are discussed.

The main aspect shared between the three courseth&aourse instructors’ ambition
to encourage students to develop their criticaiking (as in seeing beyond “common sense”)
abilities and broaden their conceptions of engingesind problem solving. In each course this
aim manifested in a different way: Engineering and Social Justi¢E&SJ) social justice was
used as a critical lens, 8ustainable Design Politics and Cultu(®DPC) sustainability was used
as a lens in a similar manner, anditience, Technology, and Eth{&TE) questioning
objectivity served as a starting point for a distois of the wider ethical implications of
engineering and science practice in a range obafidaus, a major dimension of variation
between the courses was the type of lens througthvihe process of developing critical
thinking and broadening horizons was focused.

Another dimension of variation was to what degnee laow social justice was
emphasised in each course. In E&SJ an explicisstnas put on social justice, for example,

through the choices of readings and topics disclissthe classroom; in SDPC and STE social
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justice was, for most of the time, not explicitctised on, but was at the same time implicit to
varying degrees in each course context.

Yet another dimension of variation was the difféq@adagogical approaches instructors
used in their classrooms, as exemplified in thegulang chapters. For example, while respectful
probing dialogue was the norm in each course, rdiffieinstructors approached this in their own
way. One of the E&SJ course instructors, Richarg, Ba example, alongside his “jazz” style of
teaching, utilised what he calls “pedagogy of teane” to in a quite direct way confront the
students with the key points of the topic at hamilevat the same time debating with his co-
instructor. Of course, this particular instructaasaon sabbatical when the social justice outcome
space for this course was constructed, but theteelyaamic was still present due to the team
teaching aspect of the course. The SDPC instruatothe other hand, preferred a more indirect
approach and tried to back students into new utateisgs. He referred to his teaching method
as Socratic in that he always asked the next qurestig., “yes but what about this and what
about this and what about this?”, so that studentdd find their own way to answers that
worked for them. The STE instructor, yet againgiea her teaching through what she referred to
as pedagogies of liberation, which encourage stasdertake ownership of their learning. As an
example, the instructor chose to cede facilitatibolass discussion to her students for most of
the term, while still being there to step in if yhmissed critical points.

Other dimensions of variation between the threesssiincluded class size, mix of
disciplines, and my own level of participation lretclass. E&SJ was the largest class with up to
30 students from engineering and social sciencgafticipant observer | was quite active in
class discussion. SDPC was the midsized classhbitictive students from mainly technical
disciplines such as architecture, design, and eeging. In this class | took a more passive role

both due to a lower number of common readings hedétct that | only attended one out of two
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weekly class sessions. STE was the smallest clitis8wtudents with ties to engineering. Due to
small class size, use of common readings as basedst discussion, and the fact that | was
present in most classes, | was an active partitig@th sometimes debated with the instructor in a
manner similar to the dynamic that existed betwbertwo instructors of E&SJ.

Thus, based on the differences in these variousmimns of variation, which have
been summarised above, it is not surprising theatthee social justice outcome spaces that
emerged differ somewhat in appearance, contenticanugd. However, there are also significant

similarities between them. The three outcome speamede seen side by side in Figure 13.

Trends in and variation between the three outcomepsices

To facilitate a rough comparison of the differdntihal positions between the three outcome
spaces an attempt has been made to correlatentinallipositions of SDPC and STE with those
of E&SJ. The rationale for using the outcome spHde&SJ as the norm is that this outcome
space was created from the largest and richesf sleta (25 transcripts from interviews and
focus groups with quotes selected from 14 diffestmtients). Also, the explicit focus on social
justice in this course likely contributed to dafaadess vague nature than some of the data
collected from the other two courses. Table 3 shanvapproximate comparison of liminal

positions in the three outcome spaces.

Social justice as | Social justice as Social justice as Social justice as Social justice as g
no understanding,| fragmented helping or changing or improving| lens for critical
misconceptions, | understanding or responsibility society (active and analysis and
or contradictions | isolated characteristicg (passive and one- | participatory) deconstruction
directional)
E&SJ A B C D E
SPDC ol ®2 ®3, 04 ®3, 04, ®5 (05)
STE a0 al, B0, Bl al,a2,a3,B1 | a2, 32),v1, ¢2) | (B2), v2)

Table 3: Approximate comparison between liminaitmss in the three outcome spaces
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Taking action

I Charity for change
‘Random_ " Lens for
No characteristics Duty and Being - deconstruction
understanding -and fragmented responsibility response-able and ¢ritical
linderstanding analysis
A participatory
“Trustee care” undertaking .7
Position A Position B Position C PosiionD ~Positio E
fe e . »
»
Pre-liminal state Liminal state Post-liminal state
Passive  Active Active Position®l1 — T
subject subject, subject, Misconceptions or
self system contradictions,
ol Pre-liminal Position @2 — Social Study 1:
state justice as focus on E&SJ
o | TP e el e i isolated or random
£ o o2 characteristics,
29 Liminal Position 3 — Social
£0 state justice as multilayered | q——  Study 2:
o= 3 _ and complex, SDPC
Static Position w4 — Social
justice as considering
Dynamic impact,
o4 Y Position 5 — Social Study 3:
justice as change STE
it et 4 ©5 F--- Post-liminal
state l
Passive  Active Active Active Position a0 — No or .
subject  subject,  subject,-” subject, contradictory understanding
self selfl, -~ system of social justice,
system Position 0 — A pre-
J 2 disposition toward social
Pre-liminal a0 justice,
state ol Position a1 — Social justice
L as individual conduct,
“ Position a2 — Social justice
BO as professional conduct,
- Position a3 — Social justice
s as helping,
,,/ Bl Position B1 — Social justice
P o3 Static [ as general characteristics,
P I L Position g2 — Social justice
I a2 Dynamic as understanding the
B2 i underlying context,
L7 Positionyl — Social justice
Yl e o as implementing change
Liminal ‘ Postliminal | (within the system),
state v2 state Positiony2 — Social justice
. as challenging the status quo

Figure 13: Three social justice outcome spaces
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As can be seen, in most cases there is no dire&lation between positions in different outcome
spaces, but rather there is overlap between mailtipsitions. All three outcome spaces display a
similar trend with positions (conceptions) goingrfra pre-liminal state of misunderstandings
and contradictions through a liminal state towambsat-liminal state of critical analysis and
deconstruction. However, of the three, the E&Sé&aue space displays a positi¢togition E—
Social justice as a lens for critical analysis dadonstruction) closest to the post-liminal state o
the position might even be counted as post-limifiaé most advanced positions of STE and
SDPC Positiony2 — SJ as challenging the status quo Raslition2 — Social justice as
understanding the underlying context respeddgsitionw5 — SJ as change) might belong to the
post-liminal state or lie in the borderland betwé&snliminal and post-liminal states and have
more in common witlPosition D(SJ as something active and participatory) of E&3rall,

the general trend can be described as moving f@meial justice as no understanding,
misconceptions, or contradictions” to “Social justas fragmented understanding and/or isolated
characteristics” to “Social justice as helping @amaésponsibility” to “Social justice as changing
society” to finally “Social justice as a criticarls.” Most of the positions appear to exist in the
liminal state of the liminal space which indicatikeat most students have entered the threshold of
social justice. Figure 14 provides a visualisatibthe liminal outcome space model used to

organise and compare the findings.
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Figure 14: A recap of the liminal outcome spaceasgriual model
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Framing of data and outcome space structures

At this point it is important to discuss how thdéadavas framed in each of the three outcome
spaces. liiengineering and Social Justi¢E&SJ), five different liminal positions and nine
different conceptions of social justice were idiédi. The two liminal positions corresponding to
the liminal state of liminal space contain threacaptions each, while the other three liminal
positions correspond to one conception eacBustainable Design Politics and Cult(®DPC),
due to the data relating to social justice not feis rich and more diffuse in nature, five liminal
positions of a more general nature were identifidgee liminal positions were not broken down
further into more well defined conceptions. Howeke five liminal positions do represent
critical variation. The outcome spaceSiience, Technology, and Eth{&TE) fell somewhere in
the middle as the data referring to social justnaenly was indirect and implicit in nature, but at
the same time, there was not a dominant courseutise present, as was the case with
sustainability in SDPC. Nine liminal positions wedentified. Some of these emerged more

strongly than others and some take on the natuneeibidefined conceptions.

Implications of the comparison of the three outcora spaces

One aspect worth noting when comparing the thremkjustice outcome spaces is that neither
Sustainable Design Politics and Cultu(®DPC) noiScience, Technology, and Eth(8TE) gave
rise to any liminal positions that are radicall§felient from the positions and conceptions of
social justice emerging froEngineering and Social Justi¢E&SJ). Yes, they do offer slightly
different framings and perspectives, but they ofil@new significant themes. This indicates that
a focus on sustainability or ethics (even in a widkro ethics way) does not to any greater
extent add anything major to help engineering sitglenderstand social justice. However, this is

not to suggest that SDPC and STE were not suc¢@sstohieving what they were intended to
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do. On the contrary, as could be seen in Chapaed® both courses appear to encourage their
students to engage with critical thinking and ie tase of SDPC a well developed sustainability
outcome space emerged from the data, which comespell with the course instructor’s
intentions for the course. However, it does appieatrif one is interested in developing an
articulated understanding of social justice in stid then an explicit focus on social justice is

preferable.

The applicability of the findings for engineering

The question of how representative these findimgda engineers’ conceptions of social justice
can be raised. This question has relevance asfttihe alasses-Sustainable Design Politics and
Culture (SDPC) andEngineering and Social Justi¢E&SJ)—were interdisciplinary in nature
and therefore the students interviewed were mibkethe case of E&SJ it can be argued that the
outcome space is fully representative of the erggevho participated in the study (and more
broadly to the engineers in the class) as outefithstudents who provided quotes to the
construction of the outcome space 11 were engind&ss, during the data analysis process, for
each quote the discipline of the interviewee waschand when the outcome space was finalised
care was taken to ensure that a quote from an esgwas included in each category. This should
not be seen as an artificial restriction was imdase the data analysis or the outcome space as
this measure was taken at the end of the processtharengineering students were naturally
present in all conceptions and liminal positionse Bocial science students helped to flesh out
the outcome space, but they did not add any coiocepainique to them as a group.

The findings are deemed representative for SDP€ealen though there was a smaller
number of students and hence overall a smaller runfiengineering student interviews.
Despite this all interviews were with technicaldgnts from a range of disciplines—not as

different from one another as in E&SJ. Thus, tlsewdssion above should be indicative of
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engineering and social justice in the contextsistlids well as in a broader North American

context.

Thoughts on participant observation

During the research project reported on in thisefisition, when | attended a course to observe
its classroom dynamics, | was not just a passigeter, but rather an active participant in class
discussion (as stated above). In this section giatemplications and consequences of this
approach are reflected upon. To situate this refledere follow a few perspectives on

participant observation from different scholargsgiAtkinson and Coffey (2003) observe that:

In the case of observational work, claims have beewle that participant
observation enables the researcher to participatednd in the happenings of
the setting; these claims have been counteredhwbke, by warnings that the
researcher may affect (contaminate) the settingemoming too much of a

participant, and thereby lose the capacity to ofeseritically. (p. 119)

The first sentiment is echoed by Jorgensen (198@) lwighlights what he considers the unique

strength of the approach:

The participant role provides access to the wofléweryday life from the
standpoint of a member or insider. ... Participaivgervation, in other words,
is a very special strategy and method for gainiogeass to the interior,
seemingly subjective aspects of human existendéraugh participation, the
researcher is able to observe and experience tl@ings and interactions

from the role of an insider. (pp. 20-21)
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A key question for Jorgensen is how the researcdi@igain and maintain access to the group or
population under study. Friedrichs and Ludtke ()3450 see the strength of the approach, but
echo the second perspective mentioned above bypgidkiand Coffey, when they reflect upon

how active a participant observer should be incthrgext studied:

As a general rule it can be said: the observerldhattempt to proceed from
peripheral to integral roles, however, only to #hdent his §ic] behaviour
does not give rise to uncontrollable impacts amndgyceffects, which change

the social structure, or to affirmations of a giyemty in the field. (p. 161)

While Friedrichs and Ludtke’s offer this “rule” ascaution Atkinson and Coffey (2003), who
write from a postmodern perspective, question tisglem of spending too much energy on such

concerns.

Through both participant observation and intervigyvthere is the potential
for “contamination,” although this is a paralyziregnd unhelpful way of

characterizing the research process (and can Bctreadder all research
inadequate). Rather, through active reflexivity sk®uld recognize that we
are part of the social events and process we obsard help to narrate. To
overemphasize our potential to change things adlfy swells our own

importance. To deny our being “there” misunderssatige inherent qualities
of both methods—in terms of documenting and makigrgse of social worlds
of which we are a part (either through participaln$ervation or as facilitators

of shared accounts and narrative strategies)2@. 1

The key point here is that when researchers chioosegage with a context they will affect it in

some way and the important thing is to be reflelyiesvare of how one chooses to engage. In the
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studies discussed in this dissertation it was a&@ons choice to actively participate in class
discussions. This was done in order to for meréearcher, to get a better understanding of the
context in question through my own subjective eigrere and to, in a sense, become a member
of the class so the students could establish taelt me as a person in order to contribute to
maintaining a relaxed learning environment andatiliftate interviewee requirement. Here it
should to be noted that these aims differ somefrbat how participant observation is discussed
by Jorgensen (1989) and Friedrichs and Ludtke (950 focus on it as a primary data
gathering approach that relies heavily on extenfi&lé notes. In the studies of this PhD project,
notes were kept, but observations were intendedrpliment and give context to the

interviews, which were the main data source.

It is quite likely that my active participation éhass discussions only had minor or
negligible impact on the outcome spaces of theissugince on most occasions the course
readings were the main driving force of the dismmsand often | was learning together with the
students. In addition, the outcome spaces (foabpestice) were drawn from the student
interviews and these were mainly driven by therinésvees’ experiences of the course in
guestion and all data was analysed using the phemognaphic iterative approach described in

Chapter 3.

Implications for teaching for engineering and sodigaustice

While it is clear that the three courses studietth&ir own respective ways (as discussed in
Chapters 4-6) are successful in helping some stadigvelop their ability to think critically and
start moving toward the desired learning outconiesaoh course, it is also clear that not all
students are achieving these goals. As suggestid beginning of Chapter 7, it is likely the

students need to adopt a deep approach to theiingao successfully navigate the liminal
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spaces connected to approaching critical thinkingeineral and social justice in particular.
Actually, since the emphasis in the courses studslless abodtnowing moreabout something
(e.g., engineering) and more abkabwingsomethinglifferently, it makes sense that students’
approaches to learning are closely intertwined widhir ability to navigate liminal space. Booth
(2004) reports that phenomenographic studies ofhileg “have shown decisively that a deep
approach [to learning] is connected with graspihgritical features of subject matter, while a
surface approach, being a temporary response imthediate situation, gives knowledge that is
easily misunderstood and quickly forgotten” (p..di)light of this, the question becomes to what
extent the different courses studied are success@ricouraging students to adopt a deep
approach to their learning.

Overall, as discussed in Chapter 7, it appearghiedbasic pedagogical model (seminar
style classroom, small class size, continuous esiplua critical thinking, high level of student
responsibility and autonomy, constructive and eifgpgssignments, and self-reflexive
instructors who act more as facilitators than lemts) used in each of the three courses, and
which is in line with Freire’s (1970) idea of prebh-posing education, offers a quite robust
foundation to build a learning environment whicbmpotes a deep approach to learning.
However, some students would with varying frequesdypt a surface approach to their learning.
For example, discussion of (common) readings wawa part of each course, but there were
occasions where class discussion was hampereck igichthat a significant number of students
had not done the reading in question. While som@esits suggested that they still got something
out of being in the classroom and listening tortpeiers discuss; to actively participate in the
discussion in a meaningful way they needed to ldave the reading. Also, if too many people

had skipped on a reading class discussion becampdimited. On these occasions, these students
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can be said to have taken a surface approachitdghaming in regards to this aspect of the

course. The following student offers a partial exition for this behaviour:

RS9: | mean for a lot of people reading 100 pages akwser't feasible

because this is [University] and unfortunately stigma of the type of student
and what'’s required of them at this institutiorvésy low. At most people read
less than 20 pages a week just for any class.cl&ss requiring that level of
reading is daunting to people that aren’t capableeading for that quantity
and pulling ideas out or being able to dedicatetiine to read that much. |
mean it's been a challenge for me personally andhad a lot of exposure to

it before.

This quote highlights the fact that many enginegstudents might not be used the amount of
reading (approximately 50-100 pages per week)@kid of reading the courses required. Thus,
it is important for instructors to consider theypoeis knowledge, skills, and experiences of their
students and how these can be bridged with theuctsts’ ambitions for the students, this is no
small challenge, especially in an interdisciplinalgssroom where the range in students’ abilities

and interests can be quite diverse.

Course effectiveness

In response to the observation above that notwadesits reached the desired outcomes of the
course they attended, the question of what carliesed in one course during one term can be
asked. As discussed in Chapter 2 it is not tritadirst become aware of and then potentially
challenge the “common sense” ways of thinking efttiought collectives one belongs to. In
addition, as the course instructor of SDPC comnukdtging his interview, topics such as social

justice and sustainability are by their nature clexpand not easy to understand. It is quite likely
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an unrealistic goal to expect all students in axta successfully navigate their way through the
liminal space in question to reach the post-limstate, as they most certainty will start their
journeys from different positions at the liminaksfrum and with different pre-dispositions
toward adopting social justice as a critical lend/ar develop their critical thinking ability.
However, what the type of courses studied areylit@be able to achieve is to start students on
their journeys toward becoming more critical thirker help them get unstuck if they are stuck

somewhere in liminal space, as suggested by test quote:

QS13: This course has had a huge effect on my way okihg. Big time! ...

It really messed with my head. Sometimes | wasest#ty go to class because
| didn’t want to think about stuff ... | feel now thalook at things from a
different perspective or CAN ... | feel I'm going think more socially about

making certain decisions.

Of course, each of the classes studied were edscind this likely resulted in a degree of self-
selection among the students. Indeed the majdrityecinterviewees expressed that they had a
previous interest in respective area of study efaburse they attended or that the course
description had appeared intriguing to them. Theree very few students among the
interviewees who only had picked their class beedlisre was nothing better to choose in its
place. The challenge remains as to whether it$sipte or desired to scale up these courses so

that every student may benefit from them.

The contribution of this study to existing and futue educational practice

Regardless of the challenges of expanding thedypeucational efforts studied in this
dissertation to a wider group of students, theifigsd of this research can be used as input to

pedagogical practices in already existing courseseall as those yet to be designed. Drawing on
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variation theory, as suggested in Chapter 3 ard tni practice in the study reported on in
Chapter 7, the liminal positions and conceptioms Were identified in the various outcome
spaces can be used to illustrate dimensions ataritariation of, for example, social justice. As

Marton et al. (2004) suggest:

We are not arguing for variation in general, andase not saying the more
variation there is, the better the possibilitiedearn. What we believe is that
variation enables learners to experience the festtinat are critical for a
particular learning as well as the developmenteasfain capabilities. In other

words, these features must be experienced as dinersf variation. (p. 15)

These dimensions of critical variation can be frrng the conceptual model proposed in
Chapter 3 and discussed above (Figure 14), ieydhiation around conceptions at different
places on the liminal space will allow studentsiave through the threshold. For example, by
drawing on the outcome space from E&SJ, studentklabiscuss and understand what the
difference might be between being charitable arndgogocially just, being aware and taking
action or what it means to involve clients in atjggvatory way, as part of the process of adopting
social justice as a lens for engineering praclite emerging perception shifts of engineering
that also were identified in the study of E&SJlue perspectives on sustainability emerging from

the study of SDPC can be discussed in a similaneran

Part Il — Reflections on the Proposed Conceptual Madel

In this dissertation the notion of adopting a catilens has been explored, with a main focus on
social justice as a lens for engineering. At theeséime, a conceptual model for framing this
process was developed. In this section, some aspktitis model, its relation to threshold

concept theory (TCT), and overall usefulness dfeated upon.

247



At the core of TCT is the elegant, yet simple mbhtapof the threshold, which is
applied to certain transformative and troublesosaeriing experiences, which in turn (often) are
tied to the characteristic concepts that have gnaane to the emerging framework. Additionally,
from TCT the useful ideas of liminal space andatii in different liminal states have emerged.
While neither of these ideas are new, e.g., Canjdised the term liminality to describe the
emotional and behavioural oscillation of men (imtigalar) going through a midlife crisis (Meyer
& Land, 2006b), the way they have been used in @3 stirred up quite a bit of interest among
educational researchers and practitioners (e g Flemagan, n.d., for examples). Aspects of TCT
have been useful for framing the research discussinis dissertation. However, to some extent
the work reported herein runs contrary to the paMCT that discuss the process of acquiring the
conventional ways of thinking and practicing ofatgrular community of practice, as efforts to
include new ways of thinking and seeing into aigistary community have been explored.
Rather, it was hypothesised that seeing througitieat social justice lens might be seen as a
threshold for the whole discipline of engineeriagd through the research conducted in this
study empirical support for this idea have beemébu

To frame this idea of a threshold for a whole giBog, or similarly the process of
acquiring new lenses that are likely to challenge lone views oneself and the world, insights
were drawn from Fleck’s (1979) ideas about thowgliectives and Gramsci’s (1971) ideas
about hegemony. Similar to the conventional TCRittet adopting the ways of thinking and
practicing of a discipline might involve navigatiohliminal spaces, challenging one’s own
“common sense” understanding of the world with meays of thinking and seeing also involves
entering into a liminal space. While Meyer et a{2608) idea of different liminal states was
never meant to be interpreted as referring to seépg@hases of learning, in this dissertation this

idea was reframed by introducing the idea of ainaous liminal spectrum in order to better
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capture the fluid nature of liminal space. To explstudents’ navigation of the proposed social
justice liminal space, phenomenographic variatiwoty was combined with TCT to create a
conceptual framework that provided a research a@gbreuited for this endeavour. Characteristic
for this approach is that the outcome space reptesemapping of liminal positions of
increasing complexity along a liminal spectrum pace. This conceptual model and
corresponding research approach has served wedlit® and explore a group of engineering
students’ attempts to approach adopting sociatgists a critical lens to view their future
practice and profession. However, as is the capaénomenography, this is an approach for
studying learning on a collective level with thevadtages and disadvantages that come with that.
If one would wish to follow the learning journey @fparticular learner, then another approach
would be needed.

In addition to being useful for framing (and exjahgy) social justice as a critical lens
toward engineering, the conceptual model has alseep transferable to other (similar) contexts,

for example service learning in a cross-culturaitest (Baillie et al., in press).

Implications for threshold concept theory

There have been some concerns (e.g., Savin-Baflea) faised that threshold concepts through
their links to the conventional ways of thinkingdgoracticing (WTPs) of a discipline might take
on a hegemonic role within the discipline in quastiHowever, proponents of threshold concepts
(e.g., Cousin, 2008) argue that they are not swggptzswork in that way and that they always are
theorised as “provisional, contestable and cullysatuated” (p. 263). However, through the
research presented in this dissertation indicati@ve been found that dominant disciplinary
ways of thinking can, indeed, be hegemonic andtthain turn can create thresholds for a whole

discipline in terms of adopting alternative wayghihking. Since threshold concepts are
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envisioned to be linked to the WTPs of a disciplinrsommunity, this is an important point, and
thus, threshold concept researchers need to paytiati to the impact on a discipline of
“common sense” WTPs. Furthermore, this discussiomgb to the forefront the question of
expertise and who it is that may judge what theptad ways of thinking are within a
community of practice. Taken together, these caresuggest that further investigation of the
underpinnings of TCT might be a good idea, for egianby applying &oucaultianlens to the
framework as part of Foucault's (1980) scholarlgject was aimed at understanding relations of

power and discursive formations.

Continued evolution of the conceptual model

While the conceptual model discussed above seheegdurposes of this dissertation well, it has
also received (informal) critique from colleaguedhe social sciences, who have commented that
the model can be perceived to suggest that theenatuearning is linear. However, this has
never been the intention. Indeed, the mappingefithinal space of social justice is in line both
with the phenomenographic idea that students ckhdeweral conceptions of the same
phenomenon simultaneously and with the idea oflaion between different liminal states
suggested by threshold concept theory; both oftitesas strongly suggest a non-linear nature of
learning. However, it is understandable that tleaidf learners moving along a liminal spectrum
toward increasingly complex conceptions or wayseafing can be interpreted as suggesting that
learning is linear in nature. In response to tlwseerns the question was asked of how the
conceptual model could be further improved and bgezl in more non-linear terms.

Land et al. (2006), when discussing the potentiabursive nature of a learning

process, by drawing on the work of Deleuze and @uat (1987), suggest that:
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Perhaps the connected design challenge for teadhers opt for a more
rhizomorphic than tree-like structure for their mtalor course (Deleuze and
Guattari, [1987]). Whereas the latter implies ardmehical, incremental
building-up of understanding, the former would domst points of entry into

learning from a number of places. (p. 202)

Drawing on botany, Deleuze and Guattari's (2004)ettep the metaphor of the rhizome:

Let us summarize the principal characteristics ohiaome: unlike trees or
their roots, the rhizome connects any point to atitwer point, and its traits are
not necessarily linked to traits of the same natiirérings into play very

different regimes of signs, even nonsign statedt is composed not of units
but of dimensions, or rather directions of motitirhas neither beginning nor
end, but always a middle (milieu) from which it gioand which it overspills.

... Unlike a structure, which is defined by a skpoints and positions, with
binary relations between the points and bluniveetdtionships between the
positions, the rhizome is made only of lines: linels segmentarity and
stratification as its dimensions, and the lineligfht or deterritorialization as
the maximum dimension after which the multiplicitundergoes

metamorphosis, changes in nature. ... Unlike tteplgc arts, drawing, or
photography, unlike tracings, the rhizome pertamsa map that must be
produced, constructed, a map that is always debéehaconnectable,

reversible, modifiable, and has multiple entrywapsl exits and its own lines
of flight. It is tracings that must be put on theapm not the opposite. In

contrast to centered (even polycentric) systemé Wwierarchical modes of
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communication and preestablished paths, the rhizasnean acentered,
nonhierarchical, nonsignifying system without a &ah and without an
organizing memory or central automaton, definealgdby a circulation of

states. (p. 23)

The idea of rhizomatic education has gotten soawitm in the context of online learning
(Cormier, 2008). To further develop the conceptnatlel of an adapted phenomenographic
liminal space proposed in this dissertation an@d@imagine it in more non-linear terms
inspiration was drawn from Deleuze and Guattafi%3(7) bookA Thousand Plateausvhich in
turn draws from a psychology and philosophy postnoidm as well as radical social thought.
Massumi (2004), in his “Translator’'s Foreword” déisesA Thousand Plateaus the following

manner:

This is a book that speaks of many things, of tekd quilts and fuzzy subsets
and noology and political economy. It is diffictdt know how to approach it.
... [The] authors recommend that you read it aswould listen to a record?
... How shouldA Thousand Plateaukse played? ..A Thousand Plateaus
conceived as an open system. It does not pretehdv® the final word. The
authors’ hope, however, is that elements of it giidly with a certain number
of its readers and will weave into the melody dditheveryday lives. ... The
reader is invited to follow each section to thetgda that rises from the
smooth space of its composition, and to move frora plateau to the next
plateau. But it is just as good to ignore the hisigWiou can take a concept that
is particularly to your liking and jump with it its next appearance. They tend

to cycle back. Some might call it repetition Deleuend Guattari call it a
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refrain. Most of all, the reader is invited to l&tdynamism out of the book
entirely, and incarnate it in a foreign medium, tiee it be painting or

politics. (pp. iX-xv)

In particular, the re-imagining of the conceptuald®l put forward in chapter 3 draws parallels to
the chapter “Of the refrain” iA Thousand Plateau$Vhile much of their discussion ties into

musical themes, Deleuze and Guattari (1987) dffefallowing definition:

In a general sense, we call a refrain any aggregfateatters of expression
that draws a territory and develops into territomatifs and landscapes (there

are optical, gestural, motor, etc., refrains).323)

The act of navigating a liminal space can be thoofim a similar light. Deleuze and Guattari
discuss three aspects of the refrain: chaos,dgrriand cosmos. These can be mapped onto the

pre-liminal, liminal, and post-liminal states ahiinal space as per Meyer et al. (2008).

The refrain has all three aspects, it makes themlsineous or mixes them:
sometimes, sometimes, sometimes. Sometimes chaas isxmense black
hole in which one endeavors to fix a fragile pasta center. Sometimes one
organizes around that point a calm and stable “p@ather than a form): the
black hole has become a home. Sometimes one guafts that pace a

breakaway from the black hole. (Deleuze and Guaft@87, p. 312)

The pre-liminal state can easily be seen as chuaditica fragile point at the centre—the initial
outline of a new conception of a phenomenon or @fageeing. While liminal space is a “place”
of flux and uncertainty, the liminal state is ag®ss or attempt to grasp the “concept” and create

a semi-stable order in the chaos. This is the ioreaf a (temporary) territory. The breakaway
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from the black hole is similar to exiting the linalnspace (the post-liminal state). Deleuze and

Guattari (1987) expand on this breakaway further:

Finally, the point launches out of itself, impelleg wandering centrifugal
forces that fan out to the sphere of the cosmos:“tbires convulsively to fly
from the earth, but at the following level one adly rises above it ...
powered by centrifugal forces that triumph overvigsd (Klee cited by

Deleuze and Guattari). (p. 312)

This opening up to the cosmos can be paralleleg¢ing the world through a new lens and/or a
new more holistic understanding of the phenomenaguestion. Thus, Meyer et al.’s (2008)
discussion of liminal space can be mapped ontou2eleand Guattari's discussion of the refrain,
but what have been gained from drawing this pdPalkemore comprehensive metaphor or
visualisation of learners’ potential journeys thghia liminal space—journeys from chaos
through territories to cosmos! Here it needs t¢refemphasised that this is not a sequential or
linear process, i.e., as Deleuze and Guattari (198fit, “All three at once. Forces of chaos,
territorial forces, cosmic forces: all of these ftont each other and converge in the territorial
refrain” (p. 312).

Based on the discussion above a new framing fofaidé conceptual model can be
devised. A central idea is that chaos, and frowrder, can arise anywhere in the cosmos, i.e., all
learners will not start their liminal journeys frdire same position. Most learner journeys
through the liminal space will begin in a statebfos when learners fix their fragile centre
points from which they will attempt to create omelterritories out of the chaos. These liminal
territories can be imagined to stretch out frors tthiaos core and to overlap with and merge into

each other to varying degrees. According to theaphenographic tradition, the territories will
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be distinct from each other and finite in numbeogtiof the time the territories will be temporary
and learners will dismantle them again when mowumngew territories. Deleuze and Guattari
(1987) refer to this as deterritorialization. Theeption from this is when a learner—for one
reason or another—gets stuck, unable to move fatvizeleuze and Guattari (1987) observe that
“[a] territory is always en route to an at leastgmdial deterritorialization [e.g., moving on towar
new understandings], even though the new assemfdagent and expression] may operate a
reterritorialization (something that ‘has-the-valféhome) [e.g., getting stuck (maybe due to an
illusion of feeling safe)]” (p. 326). At some poiearners hopefully break out from their last
territory into the cosmos. If they then could |dmdck at the “space” they had travelled through,
they would see a “territorial flower” floating ihé cosmic sea. At the centre is the chaos and out
from it stretch overlapping liminal territories e flower's petals. This is the re-imagined

liminal space of the re-framed conceptual modehisf dissertation. A visualisation can be seen
in Figure 15. The territories represent conceptmmsagments of conceptions. Movement out
toward the “flower’s” edge parallels movement tormmoomplex conceptions and breaking out
into cosmos and looking back at the flower repreaarew way of seeing and/or a more holistic

understanding (one can see the whole flower nobjua’s current territory).
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Figure 15: The new more non-linear conceptual mddeliminal space—the territorial/liminal
flower. The numbers have the following meaning:Haos, 2. Territories, 3. Cosmos

Based on Deleuze and Guattari's (1987) work, trenpmenographic idea of holding
multiple conceptions simultaneously, and the TGJaidf oscillation, the claim can be made that
learning clearly is non-linear in nature. In theém@agined conceptual model the act of learning
and navigating liminal space becomes a seriesrohdl territories learners will journey through
on their way toward cosmos and these journeys ngighim multiple directions and potentially
involve much backtracking. In the end the hop&at tost or all learners will break away from
these liminal territories and join the cosmos. lyastrawing on Deleuze and Guattari, perhaps
navigating a liminal space is more about changimgiorhythm than anything else.

To conclude, as the simple, yet elegant metaphthreothreshold is at the heart of
threshold concept theory, Deleuze and Guattar®8T) ideas appear to provide a fruitful

metaphor for liminal space, which is worth to expléurther.

Concluding Thoughts

In this chapter the different threads running tigtothis dissertation have been drawn together.

By comparing the outcome spaces for social justidbe three courses studied it was found that
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if the educational aim is for students to develo@eiculated understanding of social justice then
an explicit focus on social justice is preferablermaddressing social justice implicitly through
focus on other topics. However, at the same timeh eourse studied offered a robust approach
for encouraging students to begin engaging incatithinking. The conceptual model developed
in this dissertation served the purpose of frantiggresearch well, but by drawing on Deleuze
and Guattari’s (1987) work, the model can be furtheveloped in term of non-linearity, which in

turn might offer a fruitful metaphor for liminal ape.
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Chapter 9

Summary and Conclusions

As all good things must come to an end, in thigptérathe exploration of the proposed social
justice threshold is brought to a close with a samynof the project and some conclusions.

In the research project discussed in this dissent#itwas recognised that problem
solving is a central activity to engineering. Howg\t was also recognised that the conditions
for doing engineering are changing, especiallyghtlof pressing issues of poverty and
environmental sustainability currently facing huntgrand as a consequence, engineering
education needs to emphagseblem definitiorto a greater extent—i.e., why and how have
these problems emerged and what can we do abaoutfthighe future? One approach for
achieving this, explored in this dissertationhiotigh courses that explicitly relate engineering
and social justice, or in a somewhat wider sensg;ses aimed at developing critical thinking in
relation to engineering. Since social justice iss@mething that has been traditionally
emphasised in engineering education, it was hygatéed in this study that for many students,
adoption of a critical perspective to their pragtéand profession will be experienced as alien and
troublesome, but also has the potential of beiagsfiormative. In line with Meyer and Land’s
(2003, 2005) work on threshold concepts, socidigesvas proposed to be a threshold for
students of engineering, and in a wider sensehiomihole discipline of engineering. By studying
the variation present among students in threerdiftecourses-Sustainable Design Politics and
Culture Science, Technology, and EthiaadEngineering and Social Justiegthe intention was
to understand how students approach and interrsigal justice as a perspective on engineering

and/or develop their abilities to think criticalljjhis dissertation is part of an educational effort
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aimed at helping prepare students for the challeagd opportunities they will face in their

future careers in an increasingly globalised arahging world.

The Research Questions which Guided the Inquiry

How can students be encouraged to adopt a socistige lens toward their practice

and profession?

While all three of the courses studied operated similar basic pedagogical model and appear
to be successful in encouraging students to engagéical thinking, it does seem that the
particular constellation of thengineering and Social Justiceurse facilitated well the students
to pass through the threshold of “seeing throughie¢hs of social justice.” These included; a
seminar style classroom; two instructors with opgnded attitudes willing to critique
themselves and each other; a small class sizepamtimmunity-based group projects;
interdisciplinary students; a continuous emphasisrdical thinking; and the flexible, as course

instructor Richard Day puts it, “jazz” style of tdang.

What are the ways in which students vary in thepmoach to taking a socially just
perspective to engineering?

An outcome space for social justice emerged foh @ht¢he three courses studied and a similar
general trend that, can be described as moving f8nuial justice as no understanding,
misconceptions, or contradictions” to “Social justas fragmented understanding and/or isolated
characteristics” to “Social justice as helping amdésponsibility” to “Social justice as changing
society” to finally “Social justice as a criticars,” could be discerned. However, of the three
outcome spaces, the one tied to the cobrggneering and Social Justiceontained the most

well defined conceptions of social justice and iged the biggest variation between
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conceptions. In total, nine different conceptiasigstered together into five liminal positions
corresponding to the trend described above (saed-igon page 127) were identified. A key
characteristic that varies over the different cqtioms is the students’ awareness of the
complexities surrounding social justice, which girem simple and superficial to complex and

deep. Other shifts are from passive to active advidual to collective.

What is the variation between courses that takestly different approaches to a

similar goal of encouraging students to develop itheritical thinking abilities?

As mentioned above, all three courses studied appdemve been successful in encouraging
students to engage in critical thinking, and whilgimilar trend was observed in each social
justice outcome space, in most cases there wasexi dorrelation between liminal positions in
the different outcome spaces, but rather thereowadap between multiple positions. Table 3, on
page 236, shows an approximate comparison of lipiositions in the three outcome spaces.

One aspect worth noting is that that neither ofddnersesSustainable Design Politics
and Culture(SDPC) nofScience, Technology, and Eth{&TE) gave rise to any liminal positions
that are radically different from the positions amhceptions of social justice emerging from
Engineering and Social Justi¢E&SJ). Yes, they do offer slightly different framgs and
perspectives, but they offer no new significantitee. This indicates that a focus on
sustainability or ethics (even in a wide macro-&ghway) does not, to any greater extent, add
anything major to help engineering students undadssocial justice. However, it does appear to
contribute a general awareness of social justideaat if the course instructor has a personal
interest in this area (but for one reason or amathes not stress it in the classroom). Hence, it
does appear that if engineering educators arecstet in developing an articulated

understanding of social justice in students theaxaiicit focus on social justice is preferable.
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Also, SDPC and STE appear successful in their mhjective of helping students develop
critical thinking in relation to sustainable desigispective macro-ethical perspectives on

engineering.

Concluding Thoughts on the Conceptual Framing of te Study

In addition to contributing to the growing bodyesigineering education research, another
outcome of this research project is a contributethe emerging conceptual framework of
threshold concepts and troublesome knowledge (deyer & and Land, 2003, 2005, 2010), in
the form of the two versions (“linear” and “nondiar”) of the proposed liminal outcome space
model shown in Figure 14 (on page 238) respectigere 15 (on page 256). The initial
conceptual model served the purpose of framingdsearch well, but could be further developed
in terms of non-linearity by drawing on the work@¢leuze and Guattari's (1987) in order to

create an intriguing metaphor for liminal space.
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Chapter 10

Future Work

As the research project reported on in this diagert has concluded and this document itself is
about to be brought to a close, the question othérehere are any aspects of the research that
can be further addressed or explored can be agkaaf the discussion in Chapter 8 three areas
of further inquiry emerge: 1. To draw on the fingsrof this study to create new content or
practice for courses and study the impact; 2. Tthéuw develop the nonlinearity of the conceptual
model by continue to draw inspiration from Delearnel Guattari (1987); and 3. To explore the
underpinnings of the threshold concept theory latien to dominant disciplinary ways of

thinking by drawing on the work of Foucault (1980).

Variation around Conceptions at Different Places ima Liminal Space

The main idea here would be to use the findingsisfstudy, i.e., the three social justice outcome
spaces, the outcome space for sustainability,eetherging perception shifts of engineering
depending on course context, as input into cuadtfuture pedagogical practices, by drawing
on the variation theory of learning (Marton & TsBf)04), to use variation around conceptions of
the phenomenon on question (e.g., engineering @ridl gustice) at different places in the liminal
space to help students to move through the thréshAslwas reported in Chapter 7, this was done
in a limited manner within the frame of the currpndject, but more study is needed in order to
improve the exercise and evaluate its usefulnesstfidents more thoroughly.

In terms of lessons learned regarding eventuakigdexind development of the three
courses studied, as has been discussed in Chapilkthfee classes have a robust pedagogical

model at their core, but some suggestions for éurtlevelopment can be made Hngineering
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and Social Justigebecause there was a tendency among studenttpgojeps to split their work
down disciplinary lines, it would be advisable tteetively stress that both engineering and
social science students engage with the full rarigasks involved in a project, in order to
enhance their learning experience further.

In Sustainable Design Politics and Cultyes the students’ case studies are a central
part of the course and were appreciated by theestadit would be advisable to bring them in a
bit earlier in the course and further tie themh® techanism of the students picking their own
readings and writing research updates in ordeiviothese course elements further purpose and
structure.

Because interdisciplinarity overall was perceit@tte a beneficial element in the other
courses, irscience, Technology, and Ethigss/olving non-engineers in the class would tabe
good idea (which the course instructor wants to Atso, it would be advisable to integrate the
students’ case studies further into the classrdomexample, by asking students to discuss an

earlier draft of their paper with peers during @ssl session.

Further Development of the Conceptual Model

The foundation for a more non-linear conceptual ehad the adapted phenomenographic liminal
space used in this research project was put forimaitte Chapter 8. While the idea of mapping
the different states of liminality (Meyer et alQ@B) onto Deleuze and Guattari’'s (1987) work in
A thousand Plateausppear to provide a fruitful metaphor for limisglace, this needs to be

further explored. This work is in its planning stag

Threshold Concepts through a Foucaultian Lens

A key part of how the threshold concept theory (JT@ds been developed focuses on the

relationship between threshold concepts and theefsted” ways of thinking in a discipline; for

263



example, Davies and Mangan (2007) see thresholceptsin a discipline as a web of related
concepts that partly reflects the historical depglent of thinking within the subject. In the light
of the discussion of thought collectives withirstidissertation and the indications that the
“accepted” ways of thinking of a discipline can trdsute to the creation of thresholds for the
discipline in question, further investigation oéthinderpinnings of TCT might be a good idea.
This will be done by applying Boucaultianlens to the framework, since part of Foucault’s
(1980) scholarly project was aimed at understantétagions of power and discursive

formations. This work is in its planning stage.
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Appendix |

Examples of Interview Guides

The questions that were used to generate discuabimut social justice and engineering during

the interviews and in the study Bhgineering and Social Justiege presented below.
First round of interviews

General discussion of the class

What are your impressions of the class?

What do you feel is the purpose of the class?

What were your reasons for picking the class?

What is social justice to you? Can you define anfe it?

What is engineering to you?

What in your view controls engineering and techggi

What is the role of profit in relation to engineey?

What is in your opinion the relationship betweeaialjustice and engineering?

What would socially just engineering entail?

Focus on the group projects

What has the group done so far? What do you tHaokigit?
How have the group structured the work?
How do you make this a social justice project?

What is the role of project in course?
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Second round of interviews

What do you feel that you have learnt?

How has the course contributed to your understanalirsocial justice?

Has your understanding of social justice changethduhe course? If so, in what ways?
What is social justice to you now?

What does socially just engineering mean to you?

How did you engage with the topics raised in therse—in and outside class?
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Appendix Il

Excerpt from an Interview Transcript

Below, an excerpt from a transcript from the fi@iind of interviews in the study &hgineering
and Social Justices shown to illustrate how a discussion basecherguestions in the previous
section could evolve. The following notation hasibesed: ler = interviewer and lee =

interviewee.

ler: What is social justice to you? Define it? Fran®eWhat you just said?

lee: | think that it is a bit more complicated as liates to engineering, cause there is the, you
know, teach a man to fish ... for the rest of himle life, but with eng you can’t really teach
someone to do engineering, or be able to do thisgd. | think that social justice is, | guess,
promoting a social change, in sort of helping betgociety to grow itself instead of just throwing

money at the situation.
ler: How would you relate that to eng? Would engindéetp building society?

lee: Looking at countries that have very poor wastemgygstems which causes disease and
causes huge problems in a country. Having engireeeng in and aid the city and the country
with technology we already know about and we im@etand is already out there, to kind of
assist them, bring them up more to health standaedsre on (inaudible) on issues like that.
Helping them bring their knowledge as a countyityr up to that level of understanding so that

they can continue a sustainable infrastructure.

ler: So the difference would be if we only went in dmnt?
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lee: If we went in and build a wastewater system foityathat would be kind of a charity thing.
Going in and working with the country’s what woude like ministry of transportation or
ministry of environment for Canada, working witleth to assist them in understanding of those

matters and (inaudible) to help them bring thdiesiup to a liveable level.

ler: So that would be more socially just?

lee: That's the important part to help them to be ablaun their own country, rather than us

coming in and throwing in a water system or sonmgthike that, which is good in itself, but...

ler: So you see do you see the term SJ in relationdmeering mostly on a global scale, or?

lee: | think that it is at least on a large scale, pstause engineering itself is kind of a largeescal
thing, like civil engineering, the things you arerking, are going to be assisting on are

wastewater systems, fresh water supply, large gijike that.

ler: Itis less let’s build this little gadget here?

lee: Yeah, it can be that too. ... It is almost asoifi yeally only need to assist the government that
runs a country, because you can’t go in and helglre country, like it is up to the government of
that country to run itself. And you are not goinghave someone to come in like just start
assisting Canada and running Canada. Canada meedsitself and do things its way. | think it

is national on that level where there needs tdbggbvernment of that country that's deciding to

go on with any project it thinks is good.

ler: You seem to be saying there are two aspects.y@issére saying we can't just teach them
something, at least not in relation to engineetival’s it not enough, but on the other if we are

going in and help them build something then we Istil’e to teach them something, right?
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lee: Yeah.

ler: So itis to get a bit of both then? To actuallystdonething and then share knowledge is that

what you are saying?

lee: | think there are sort of two different levelsipfbecause ... whatever, it is third world orsit i
Canada, there is just the people in the city thghtrbenefit from an engineering project or
humanitarian whatever, right? But you are not dlstgming to teach them about this
infrastructure system you have put in, becauselpeoKingston, in Canada, wouldn’t
understand anything you are talking about andatliaround them all the time. But the people

who are the engineers of that country...

ler: (inaudible)

lee: ... teaching them...

ler: So you would share with the people who have tiilks slhd knowledge?

lee: Exactly.

ler: That's make sense.
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