
I NT ER ACT IO N s NOVEMBER-DECEMBE R 2 0 16 VO LUME XX l ll : 6 

Special Topic on I 
1 

Sustainable HCI Educatio~ 
I 

Design Without a Future 

Citizen Interaction Design 

I I 

I 

. - I 

. I 

I . 'I 

: · 11 

I . 

!I 

Associat ion for .... 
Comp uting Machinery T 



34 I N TER A CT ION S N OVE MBER - DECE M BER 20 16 
I NTERA CTI ON 5. ACM .0 RG INTE R ACT I ON S. ACM . OR G 

3 6 AT ODDS WITH A WORLDVIEW-

TEACHING LIMITS AT A TECHNICAL UNIVERSITY 

40 TEACHING GLOBAL DISRUPTION 

AND INFORMATION TECHNOLOGY ONLINE 

44 COMPUTING EDUCATION FOR 

SUSTAINABILITY-WHAT GIVES ME HOPE? 

> 
SPECIAL 

TOPIC 

NOV EM BER - D ECEMB E R 2 01 6 INTERACTI ON S 35 



e SPECIAL TOPIC 

A 1-C)IJIJS \l\111-11 
A \I\I C) I~ I_ IJ \/ II~ \l\l­
l-l~A C 111 N CJ l_l~~ll-S 
Al-A l-l~Cl1NICAI_ 
LJ N 1\/l~l~Sll-~' 

0 
Daniel Pargman and Elina Eriksson , KTH Royal Insti tu te of Techno log y 

3 6 IN T ER A CTION S N OVEMB ER- D ECE M BER 2016 

Th is art icle takes as it s sta rtmg point 
the stagger ing challenges humanity 
is now facing and will cont inue to 
face during the rema inder of th e 21st 
centu ry. Dur ing the pas t century , our 
civilization has exper ienced an explosion 
in ingenu ity, knowledge, and creat ivity, 
but it has also shapec!I th e world in such 
a way that some resear chers suggest 
we have left the Holocene and are now 
living in a new geological era called the 
Anthropoc ene. Our s is a finite planet, 
and human -induced (anthropogenic) 
developmen ts have pushed th e ear th 
system beyond safe boundarie s when 
it comes to biochemical flows, climate 
change, and biosphere integr ity [1]. 
Perhaps even more alarmin g, we ar e st ill 
in the dark in term s ofu nderstand ing 

those limit s (e.g., the concentrat ion of 
aerosols in th e atmos phere, chem ical 
pollution in th e form of heavy meta ls, 
toxic substances, endocrine d isrupto rs), 
while th e out put from our indu strial 
system cont inues to pollute and alter 
th e atm osphere, the biosphere, and the 
oceans. We are simulta neously reaching 
lim its to what we can harvest from 
th e Earth in term s of non-renewable 
resources like mineral s and oil [2]. These 
large-scale development s are capping the 
possibilities for what can be developed 
and built in t he futu re, includin g 
comput ational systems and devices. 
Comput ing itself will be bounded by the 
lim its and the challenges and changes. 
Since the y will affect all of us, we believe 
th ey should be addr essed in Interactions 
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and by th e HCI and interac tion design 
commu nit y in general. 

We teach an intro ductory course 
in sustaina bility and ICT (informa tion 
and communicat ion technology) to 
first-year media technology engineering 
maste r 's students at KTH Royal 
Institute ofT echnology in Stock holm. 
We are plannin g to teach the fifth cycle 
(the cour se debut ed in 2012) in para llel 
with the launch of a new master 's 
level t rack, Sustainable Information 
Society. Many of our student s major 
in HCI; th ey will do research or work 
as pract itioners of usability and user 
experience for decades to come. In this 
arti cle, we will first elaborate on two 
approaches to addr essing and teac hing 
engineering (comp uting) stude nts 
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about the environmental and other 
challenges presented above. We call 
the se approaches vanilla and strong 
susta inabilit y. We will reflect on our 
experi ences in meeti ng these challenges 
head on and teaching our students about 
susta inability and comp ut ing from a 
perspective tha t emphasizes st rong 
sustainability . 

VANILLA VERSUS 
STRONG SUSTAINABILITY 
In plan ning, teaching, and evaluat ing 
our course on sustainab ility and 
ICT, and having ta ken courses on 
sustainability ourse lves, we are aware 
of the various sta nces a teache r can 
choose when commun icating and 
teac hing the top ic [3]. In many cases, 

especiall y in engineering education , the 
foremost stan ce is to present prob lem s 
in such a way that th ey become possible 
to solve through picking low-hanging 
fruit in th e form of energy efficiency, 
incremental technological inn ovat ions, 
or by applying hu man ingenuit y. If 
those solut ions seem inadequate, 
anot her option is th e omnipre sent 
catch-all of hoping for technological 
breakt hroughs (the hydrogen economy, 
electr ic cars and smar t grid s, breed er 
reactors , carbon capture and stor age, 
geoengineering, space migrat ion, and so 
on). All proposed solutions are habitually 
placed 1vithi11 an imagined future social, 
p olitical, and economic system that will 
allow us to continue to li1Je as we do today 
and 11Jhere the de11elopmental trajectory 
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does not d[ffer significantlp from what 
we have experienced during the past 100 
yea rs. This imagined future ties into 
the dominan t na rrative that we live at 
the best of times an d that econom ic and 
techno logica l progress has solved, and 
will continue to solve, any problems we 
are and will be encou ntering. 

We have prev iously defined this 
stance as vanilla sustainability [4], 
a perspective in which mitigat ion 
strateg ies are emp loyed to avoid 
calam ity and whe re the proble ms 
might be severe, but will somehow still 
always be manageable. It could be that 
th is perspective is especially att ractive 
to students and profess ionals in the 
infor mat ion and computing sciences 
because it bot h defines the prob lem 
of sustainab ility as 1) manageable 
and relat ively easy to solve and 2) as 
a problem that someone else will solve 
(someone working with transportation, 
energy, pollution, planning, po licy­
anyone but me!). Nothi ng could be 
furthe r from the truth. Living in a 
world of absolute limits will affect us all, 
and we all have to pitch in, both in our 
professional roles and as private citizens . 

In betw een "This is easy" (van illa 
susta inability) and "Thi s is too hard," 
we carve out a stance we choose 
to call strong sustainability. Strong 
sustai nability does not shy away from 
taking seriously pr edica ments such as 
climate change, p lanetary boundaries, 
fut ure scarcity of nonrenewable 
resources (fossil energy, mi nerals), and 
the consequent challenges th is scarcity 
will pose for our econom ic system . Th is 
perspect ive is tough to take on, and for 
some, provocat ive in challenging the 
sustai nability (or indeed the poss ibility) 
of everyone st riv ing to take on Western 
lifestyles, or even for Westerne rs to 
maintain their current lifesty les. 

In earlier writin g we have called this 
sta nce doomsday sustainability [4], not 
because it implies we are approac hing 
t he end of the world, but because it 
impl ies the end of the world as we !mow 
it- our social and economic systems 
will have to change in count less ma jor 
ways to address the in surmountable 
pre dicam ents in front of us. This stance 
to teaching sustai nability embra ces 
uncerta inty and addre sses issues 
that might be unavoidable, such as 
climat e change and resource depletion, 
including their global and long-term 
consequences . This perspective , in 
turn, requires adaptation strate gies and 
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presents visions of the futu re that to 
some extent can be perce ived as bleak 
and challenging, an d where computing 
might not play a central role. 

TEACHING LIMITS 
In university courses there is often a 
gap betwee n the syllabus and the act ual 
course . Since vani lla sustainab ility is 
the norm at our unive rsity and in our 
society, we believe that most syllabi 
tend towa rd bland, un controve rsial 
for mulat ions eit her because these 
formulatio ns represent an accu rate 
descrip t ion of the (blan d) course 
contents, or because it makes for fewer 
problems for teachers, like us, who 
complement or fill the ir courses up 
with more rad ica l cou rse contents . 
There are thu s severa l levels we can 
use to describe the goa ls we have with 
teaching our course. 

The most basic level is to ascerta in 
tha t the course taught corres ponds, or 
correspo nds well enough, to the course 
that was prom ised. Our expe rience is 
tha t students, at least at an engineering 
university, seldom complain about the 
actual ("political" dimensions of) lecture 
contents, the choice ofliterature, and 
so on, but t hat admin istrat ive gaffes 
of various kinds can become the topic 
of complaints (e.g., a problem with the 
attendance list, a last -minute chang e in 
the inst ructio ns for a seminar , delays 
in grad ing). Also, we have found it 
exceedi ngly rare that students compare 
the course given with the course 
promised (as desc ribed by the syllabus) 
and complain about discrepancies. 
Assuring that the course runs smooth ly 
and fulfills t he most basic requirements 
is important, but our goals with t he 
course are de.finitely higher than just 
delive ring what has been promised in 
official docu ments . 

T he next level is to move our 
students to care, at least a little, about 
susta inability and ot her issues we raise 
in the course. We have writte n about 
the challenge of engagi ng media and 
computer science students in what 
many of them (at least before the course) 
regard as "a top ic oflittle relevance 
to thei r future careers" [4]. We have 
concluded that it is crucial to find ways to 
connect and bridge the dista nce bet ween 
stud ent s' perceptio ns of their own 
profession and sustainability as a topic. 

We do, however, bel ieve that it is 
easier to move studen ts with course 
content that takes stro ng rather than 

van illa susta inability as t he sta rting 
poin t, and by not avoidin g discussio ns 
of difficu lt topics. Such discussions can 
bridge the gap betwee n our curre nt 
affluent Western lifestyles and the 
nagging feeling t hat our way ofli fe 
is, in fact , patently unsustainable 
(probably wit hin the lifespans of 
our 20-some thi ng students and 
especially so if scaled up globa lly). 
Such discussio ns also acknow ledge 
th at susta inabili ty is the challenge of 
the 21st century, and what we mean by 
affect ing our stu de nts can be han dily 
summed up in a hypothetical st udent 's 
sudde n rea lizat ion that " ... oh my god, 
does th at mea n t hat I personally have 
to .. . ?". This rea lization const itutes 
a direct challenge to many students' 
worldv iews. As an example, and despi te 
th e fact that th e course hardly t ouches 
on the topic of food, it seems this is 
an area whe re many feel that they 
can make a difference . We know th at 
several students felt the course was the 
st raw that broke the camel's back to 
make them go vegetarian . It should be 
said, though, that we don't know if this 
is a tempora ry dec ision fro m which they 
later re tr eat (say, three or six month s 
after the course is over). Some stud ents 
experie nce a wake -up ca ll like this as a 
mixed blessing: 

The revelations ha1Je made me more 
anxious about life and our future. It's good 
stuff but I would probably be more happy 
·without it. Not knowing is bliss. (2015 
stu dent answer to a questio nnaire that 
was distribu ted a th ird of th e way into 
the course) 

Yet another level of describing our 
goals for teaching the course is to go 
beyond the indiv idual here and now. 
We want our cours e and t he lessons 
and perspect ives we offer our students 
to be something they interna lize and 
carry with them during the rema inder 
of the ir education, as well as into their 
private and professiona l lives. By 
affect ing our students' worldviews, we as 
teachers challenge the business -as-usual 
world view of our tec hnical university 
thro ugh our students ' own act ions. We 
notice it when some st udents take our 
lessons to heart, and their ot her teachers 
complain to us that st udents' questi oning 
att itud es about sustainab ility constit ute 
a "dist raction " in their courses. One 
student complained about the cognitive 
dissonance of taking hard environm ental 
limits into account while simu ltan eously 
takin g a course at the Stock holm School 
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of Economics, where she worked on a 
task to increase the revenue of an airline 
company by optimizing the pricing of 
seats. It is of course harder to know if the 
alternative worldview we presen t has an 
impact in the ir lives afte r they leave the 
university, but the re are encouraging 
signs that it might. 

Ult imately, the goal for us is to teach 
students a perspective that they will not 
only practice in thei r own lives, but that 
will also support them to act as change 
agents, affecting and pers uadi ng ot hers 
to work towa rd the endeavor of build ing 
a more sustaina ble society in both their 
private an d professio nal lives. We do, 
however, have to prepare them for this 
effort, since the stro ng sustainabi lity 
perspect ive will be at odds with other, 
less forceful sustainabili ty perspec tives. 
In the best of all possible worlds, we 
would like them to act as insiders who 
are part of the domi nant culture, but 
who at the same time t ry to change the 
system th ey are part of from withi n. In 
sum, we wa nt them to balance between 
a complacent reaso nableness and G.B. 
Shaw's "Max ims for Revolut ion ists": 

The reasonable [person ] adapts himself 
to the umrld: The unreasonable one persists 
in trying to adapt the world to himself. 
Therefore all progress depends on the 
unreasonable [person ]. 

CHALLENGING A WORLDVIEW 
We have out lined a sta nce called strong 
susta inability, which we have chosen 
to adopt in our first-year mast er 's level 
course about ICT and sustain ability. 
By adopti ng this stance, we have also 
chosen to make life a little more difficult 
for both ourse lves and our students. 
Many of our student s tell us that they 
felt alarmed and unnerved in particular 
during the beginning of the course, 
when lectures focus on the predicament s 
describe d in the introduction. However, 
we believe it is important to dare to 
confront the hard facts of the state of 
the world and discuss them. In that 
way we avoid slipping into th e socially 
construc ted denial so often sought when 
we are faced with distu rbing issues [SJ. 

Strong sustai nability and its 
implications for t he futu re profes siona l 
and private lives of our students 
constitute a dire ct challenge to 
most st udents' worldviews. Thi s 
also const itutes a challenge to the 
predominant ethos at a tech nica l 

univers ity in general, and a school of 
comput ing science and communicat ion 
in pa rticular. So how has th is gone down 
with the st udents? We have to say we are 
surprised how ready our stude nts have 
been to liste n to what we have to say. But 
we have expe rienced the whole gamut 
of reac tions, from polite rejection to 
students crav ing to hear more, includ ing 
a request to continue the sem inars after 
the course had ended. 

W hile planning the cour se and giving 
the course for the first time, we were 
very nervous. W hat if our students 
wouldn' t accept the perspect ive we were 
presenting? What if our experiences 
would come to mimic th ose of h igh 
school chemistry teache r Dan Allen: 

Upon hearing my "pessimistic" news, 
many of my students immediately begin 
to formulate ideas to "save us." With 
optimism as their default setting ... they 
want to see it as a sob?able problem ... They 
see/e to find some technological way out of 
this energy jam. Lifestyle change is simply 
not a thinleableoption [6]. 

To coun ter any and all possib le 
objections, we had massive amoun ts 
of additional informat ion for all 
eventualit ies at ha nd duri ng the first 
cycle of the course . Afterward, we 
realized that the students were much 
more receptive to t he ideas than we had 
anticipated . We later aske d ourse lves 
where the students' ope nness came 
from, and our hypot hesis nowadays is 
that it comes from living th rough t he 
2008 European debt crisis. That event 
and its aftermat h now constitute a major 
part of any 20-somethi ng university 
student's life, and what is considered 
norma l to the ir pa rents' generatio n (e.g., 
econom ic growth, employme nt, and 
contin ued prospe rity) is not necessarily 
somet hing that young adults born in the 
1990s will assume. 

These students are the ones we entrust 
with the tasle of creating the sustainable 
society that we haJJefailed to create. 
Adopti ng a vanilla sustainab ility stance 
could never have been an opt ion for us 
since we believe that compu ti ng and 
HCI will be severely affected by coming 
cha nges, and that we are as respo nsible 
for addressing the prob lems as any other 
discip line. Perhaps we are even more 
respons ible than many discip lines, 
since comput ing has become such an 
important par t of the infrastru cture in 
society at large. 

We argue that HCI researche rs 
and practitioners are well equi pped 
to be change agent s due to the baked­
in multidisciplinar ity of HCI and the 
bridging capac ity it can encapsu late. 
We are already in between-in 
betwee n technology and use, between 
system an d hu man, betw een the 
boardroom and t he shop floor. We 
can also be between sustai nability 
and deve lopment, bri nging the ideas 
of a more sustaina ble society into the 
deve lopme nt of technology. 
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Comput er science has always dealt wit h 
limits . Developing effective algorithms 
th at compensaite for limit ed memory, 
limit ed compu ta tional power, and 
limi ted bandwidth are cent ral to the 
discipline. Over t im e technology has 
gra duall y rai sed t hese limit s (e.g., 
Moore' s Law) to such a degree tha t 
computin g now competes for large-sca le 
access to th e electr ical grid , oil, and 
oth er energy res ources, as well as ra re­
earth min e als. These resourc es were 
not t raditi onally thought of as limi ts for 
compu t ing. On th e othe r hand , sectors 
of society that have always worked 
with limited physica l resou rces such 
as agr icultur e, logist ics, and ut ilities 
have now emb raced compu t ing as a 
means of oper at ing more efficient ly and 
now consume even more intensively 
than before . To cap ture these new 
int ersect ions between compu ti ng and 
resour ce usage, th e term Computing 
within LD\!l!TS was coined. 
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In 2015, a grou p of researc hers, 
including the three aut hors of t his 
articl e, organized th e first LIMIT S 
confer ence, which prov ided a venue for 
br inging toget her scholar s from many 
d ifferent subfields to foster "discuss ion 
on the impact of pr esent or futur e 
ecological, mate rial, energet ic, and/ or 
societ al limits on compu ti ng." (htt p :// 
www.limi ts 20l 5 .org/) These ongoing 
discussions p rov ide th e intellect ua l 
cont ext for the university course 
desc ribed here . 

In 2014, the authors proposed an 
underg raduate course to the UC system 
mot ivated by the perspect ives, concerns, 
and knowledge fundame ntal to the 
Computi ng within LIMITS commun ity 
(e.g., [1,2]). Th rough a competi t ive 
process, the University of California 
Office of the Preside nt's (UCOP) 
Innovative Learn ing Technologies 
Initiative (ILTI) awarded us a gra nt to 
prototype and run t he course. Our goal 

was to enable students to learn a range of 
concepts- about infor mation technology, 
global sustainability, and various limiting 
factors on industr ial civilizat ion- that 
are foundat ional to th e thinking that 
underlies the LIMIT S pers pective . 
UCO P's goal was prim arily to respo nd 
to California Governor Jerry Brown's 
initiat ive to explore onlin e teach ing as a 
potentia l source of increased efficiency 
in higher education. The course was 
t itled "ICS 5: Global Disruption and 
Informat ion Technology." 

ICS 5 was one of th e first onlin e 
cour ses to be offered across the nin e 
unde rgrad uate cam puses of t he 
Univers ity of Ca liforni a syste m. The 
course has been offered thr ee t imes 
to da te: Wi nter 2015, Fa ll 2015, and 
Spring 2016. He re we descr ibe the 
course , and our exper iences teac hing 
it , in an effort to help ot hers offer 
similar content to st ude nts at var iou s 
educatio nal levels. 
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RELATION TO 
PREVIOUS EFFORTS 
The role of sustainability in comput ing 
education has been a growing topic of 
inte rest to the compu t ing commu nity 
(e.g., [3]). Steph en Sterling arg ues that 
"sustain ability does not simply requir e 
an 'add-on' to existin g st ructure s 
and cur r icu la, but implies a change 
of fundamental epistemology in our 
cult ure and hen ce also in our educational 
thinkin g and practi ce" [4]. Teaching 
LIMIT S involves embrac ing the notion 
of fundamen t ally rethin k ing cer tain 
tenets of indu str ial civilizati on . 

A cour se at th e KTH Royal In st itute 
ofT echn ology in Stock holm, address ing 
a range of topics at the junctu re ofIT , 
sustainability, and related topics [5], 
is perhaps the most similar existing 
cour se to ICS 5. Its instru cto rs offer a 
framework de signe d to concept ualize 
courses in this doma in. The KTH 
course, for graduate stude nts, was 
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targete d at a more exper ienced student 
communit y th an the unde rgrad uates 
enro lled in ICS 5. One of th e challenges 
we faced was that most of our stude nts 
took th e cou rse to satisfy a science 
and technology GE requir ement , and 
typ ically were not science or tech nology 
majors. We see our work on ICS 5 as 
complementa ry to the KTH cour se, by 
offering a mor e int rod ucto ry level of 
exposure to th e core content . 

PEDAGOGICAL CONTENT 
The syllabus included the following 
summ ary : "T his course seeks to 
understan d how sociotechnica l syste ms 
(that is, collections of people and 
inform ation tec hnologies) may suppor t 
a tran sition to a sustai nable civ ilizat ion 
th at allows for human needs and want s 
to be met in the face of global change ." 
Th ere were th ree prim ary cur ricular 
goals. The first was to educa te stude nts 
abou t t he science of globa l chan ge. The 

second was to educ ate stud ents about the 
sociotechn ica l appro ach to tec hnology 
design , which the three instru ctors 
have pursued th roughout thei r car eers . 
The third was to engage studen ts in 
understan din g and crit iqu ing th eir own 
values and t he processes by which such 
values may be brou ght to bear in the 
creat ion of sociotechni cal solut ion s to 
global chan ge. 

Each week, we offered severa l five-
to 15-mi nute videos, as well as severa l 
read ings. T he cour se covered a ran ge of 
week ly themes, includin g: Peak W eek, 
where we discussed peak oil, peak 
informa t ion, and variou s other global 
turnin g point s; W icked Week, wher e we 
discussed the complexity of this suite 
of pro blems; and Hope We ek, where we 
presented a var iety of successful projects­
th at commu nit ies and gover nment s 
have ta ken on th at have resu lted in 
mean ingful pos itive changes. 

One of the challenges of teac hing 
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Transportation 

Renewable 

Conservation 

Figure 1. A hierarchical categorization of student final projects by topic. 

and res pondin g to sustainab ility 
concerns in genera l, and those in this 
cours e in particular, is how to avoid 
communicating despair or hope lessness. 
Th e prob lems that sustainabilit y ent ails 
are overwhe lmi ng, but we felt that 
creating ent husia sm for tackling them 
and helpful ways of think ing about them 
was an impo rtant point of offering the 
course. As a result, we structured the 
course as a de scent into th e prob lems in 
the early weeks, and then an ascent to 
solutions, idea s for solut ions, and case 
st udie s of successes in the later weeks . 

We occas ionally took students on 
virtual field trip s-videos we shot on 
location at venues such as UCI's eWaste 
recycling center, an aquapon ics facility 
near UC Santa Cru z, and an urban 
gar den in Los Angele s. We included 
numerous video guest lectures wit h 
scholars from aro und the world whom 
we solicited specifically for thi s course. 

To furth er reinforce the activ ist 
stance we wanted student s to develop, 
we requir ed each person to undert ake a 
capsto ne activity for the cours e. In th e 
first two offering s, st udents were asked 
to create videos about a top ic of int erest 
to them that related to the concept s of 
the cour se. In the third offering, students 
were asked to write a 2,000 -word paper . 
Stud ent projects covered a wide array of 
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topics, from pointed critiques ofU CI's 
sprin kler syst ems to humoro us satir es of 
iPhones (as we will discuss). 

A key pr emi se of the course is th at 
while technol ogy may be able to address 
some aspects of sustai nability , the core 
problem lies with the nature of current 
indu stri alized society. Many stu dents 
com e to the cours e with a solutioni st 
mindset: Technology is good for fixing 
things and making th ings better, and 
therefore the way forward is to find 
the right things to fix and then create 
some innovative tec hn ology to do so. 
Wh ile there are some elements of the 
course where we point to tech nological 
solut ions to concrete problems, the 
broader remi t is to help student s 
understand that a prob lema tic cultural 
perspecti ve is at th e root of many of 
the issues facing industr ial civilization. 
Throughout the cour se, we seek to help 
student s thi nk about th ese cultura l 
and political issues, and when thinking 
about using techno logy to solve 
problems , we focus largely on how IT 
can help shift sociopolitical perspect ives 
in beneficial ways. 

STUDENT POPULATION 
AND EXPERIENCE 
In the first offering of the cour se, we had 
95 st udents from 28 differen t majors. 

The vast majority were student s at UCI, 
with four student s from other campuses. 
In th e second offering, we had 149 
stude nts- a 56 per cent increase-all 
but one from UCI, across 38 majors. The 
third offering included 220 students 
from 40 majors. Aga in, th e vast majority 
were from UCL 

T his diversity of students, and the 
fact that many of them d id not have 
tec hnical backgrounds, made it critical 
for us to teach the course in ways that 
would be accessible to students without 
technical expe rience. We tried to 
leverage the diversity of t he student 
body to enric h t he cou rse, encouraging 
stu dents to draw on their personal 
experiences and expertise from their 
majors when replying to d iscussion 
boa rds and creat ing their final projec ts. 

Student evaluat ions of the course 
were generally positive, from 7.14 to 
8 .04 across the thre e offerings (on a scale 
of 1- 9). UCI course evaluat ions do not 
include questions tailored to captur ing 
th e broad intellect ual impact of the 
course. Wh ile KTH has a question in 
which stude nts rated how "meaningful " 
a course was for them, UCI's evaluations 
do not includ e a similar quest ion. The 
sheer existence of a que stio n about 
how meaningful a course has been 
demonstrates a commitme nt to a 
particular kind of educational outcome, 
and one that is mor e aligned with 
sustainab ility in general. Never theless, 
in ter ms of"e ncouragin g stude nts to 
think," which is perhaps closest to 
being mean ingful, the course scored an 
8.40/ 9, 8.0 1/ 9, and 6.80 / 9 in the three 
offerings of th e ICS 5 to date, indicati ng 
that it was fairly effective at encour aging 
student s to th ink . 

Nevertheless, desp ite our efforts, 
we found that many students struggled 
to grasp the core premise of LIMIT S. 
This premise run s counter to prevailing 
menta l model s tha t most residents 
in ind ustrialized civilizatio ns adhere 
to-that growth is inherentl y good, that 
technology can and shou ld support that 
grow th , and that more tech nology, is, on 
balance , bet ter. 

T his conundrum is an ever-pre sent 
challe nge in our efforts to offer thi s 
cour se in the spirit of th e LIMITS 
communit y. T he notion of offering th is 
cour se online , partly about inform ation 
tech nology, at a major resear ch 
uni ver sity, in whic h all students ar e 
essenti ally requir ed to particip ate in 
myri ad indu str ial infr astruct ures , 
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flies in the face of th e core perspecti ve 
we hope to present. Requiring high­
quality Internet access, computer s 
with the late st softwa re and protocol s 
supported , 10 weeks of dedicated time 
to com plete th e cour se, and enro llment 
in a UC undergraduate program all play 
into and reinforce a ub iquito us growth 
pers pective that is embedded in current 
U.S. higher ed ucation. This imp licitly 
undermines our premise that scarcity, 
contra ctio n, and simplic ity may well be 
the hallmarks of our futu re. As a result , 
it is not sur pris ing the st udents had 
a hard time nav igat ing both of these 
worlds simultaneous ly and tended to 
fall back to the cult ur al norms that 
require growth. 

Nevertheless, we had an imp act 
on some of our students an d hope the 
impact extended further. Surprisingly, 
many students to ld us they had never 
thought about sustaina bilit y at all 
before the course. (Stud ents may 
sign up, as noted, to fulfi ll at GE 
requireme nt, or to ta ke an onli ne 
course to ease their busy sched ules.) 
In addition , in an email exchange after 
the course was over, one of the student s 
in the second offer ing wrote to th e 
instru ctor, "I think you'd be happy 
to know tha t I 'm working at [a global 
environme nta l infor mation compan y]. 
How I en ded up here was large ly 
insp ired by wha t I took away from ICS 
5." This is the kind ofimpact we have 
sought to have . 

STUDENT PROJECTS 
Analyzing student s' final projects 
gave us insight into the thinkin g and 
approac hes t hat the students brought to 
th e class. 

In the first two offerings of the 
course , we re quired stude nts to engage 
with the par t icula rs of the UC system. 
From the final project description: 
"This project involves envisioning and / 
or discovering a way that IT may help 
provide for a particular aspect of human 
well-being in a sustainable way, and 
documenting plans for enacting that 
interve ntion on or around one or more 
UC campuses." Whi le thi s description 
biased students toward a pro -tech nology 
or more-tec hnology perspective, it was 
a considered choice: In an assigned 
project from th e offline version of 
ICS 5 some years earlier, in which th e 
instructor had given studen ts th e option 

of thinking abou t "negatechnologie s" [ 6] 
or other ways of consciously remov ing 
technological systems, students seeme d 
largely baffled by the premi se and 
process by which one might remove 
tech nological systems. Therefor e, as 
th is was an introductory-lev el course, 
we chose to focus on the interventionist 
approach. In future offerin gs, we want 
to find a way to strike a balance between 
the two approaches . 

In Figure 1 we grouped the 
projects fro m the fir st offering of the 
course into hierarchical categories. 
The high-level catego ri es included 
Food, Water, Tr ansportation, 
Economics, and Ge neric. The Gene ric 
category referred to paper s that made 
non -specific appeals to sustainability 
in general ("We need a way to bring 
ene rgy-awareness to th e masses") and 
re fl ected the abil ity of th e student 
aut hors to mimic the dominant 
narratives in sustaina bil ity or repeat 
resea rch find ings t hat they had 
read, wh ile stoppin g short of crit ical 
engagement with t he res ult s or 
act ual innovat ion . Fortunately, t hi s 
category was on ly a sma ll proportion 
of the papers. 

CONCLUSION 
Computing within LIMITS is 
crit ically important to the future of the 
computing discipline , and pot entially 
a powerful t ransfo rma tive force in the 
world more broadly. We see teac hin g 
LIMITS in general, and this online 
course in particular , as a pathway to thi s 
greater engage ment. 

With more th an 186,00 0 
underg raduate s dra wn from th e 
world's best and brig htest students , the 
Univers ity of Californ ia is an importa nt 
global inst itution of higher learning . 
Enab ling as ma ny UC undergraduates 
as possible to take thi s cour se could help 
red uce the imp act of global disruptio n 
from resource comp etition by 
conne cti ng the computing disciplin e to 
the broader discours e on susta inabilit y. 
We hop e it is a model and inspira tion 
for oth er efforts at unive rsities arou nd 
the world. We believe our exper iences 
can make a small contribution to this 
grea ter effort. 
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After more tha n 20 years in comput ing, 
I doubted our field's desire or abilit y to 
dr ive change. So I changed d irecti on. 
Formerly a prof essor in IT, I am now 
a professor of sustain able pract ice in a 
po st-di scipli ne depar tment spec ializ ing 
in profess ional pract ice. 

My work cent ers around the 
notio n of the sustainable-p ractitioner 
an d th e sustaina ble !ens. You ca n 
th ink of edu cati on as bein g abou~ t he 
developme ut of your lens- how you 
see the world , your va lues, an d your 
mind set . The earl y bit s of life and 
ed tLcatio11 ar e about deve loping your 
person al lens, m ixing your values wit h 
opport uni t ies to prac ti ce increas ingly 

adva nced sets of ski lls. Then higher 
educat ion is abo ut tu rn ing that in to 
a pro fessional lens. T he focus of 
my work is in mak ing sure t hat th e 
per sonal and professional lenses are 
al so sust ainable lenses. 

In 2011, I began a ra dio show an d 
podcas t ca lled "Sust ain able Lens : 
Resilience on Radio" (sust ain ablelens. 
org ). On t hat show we have had 
conversat ions with more t ha n 270 
peop le from many di fferent di scip li nes 
who are acti vely wor king for a 
sust ain able fut ure . In our ta lks, we try 
to find out what mot ivat es our guest s 
and what it means to see t he world 
fro m a sust ainable perspect ive-
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through their particular sustainable 
len s. Th e archive on Sustainable 
Len s provides wisdom, optimism, 
challenges being faced , and thin gs 
that can be done. T he show presents a 
positive , forward-looking vis ion. Our 
guests are people who are work ing-in 
a var iety of scales and contexts-for a 
sustai nable future. What can we learn 
from them to help us scale that up t o 
the socio-ecological tran sformat ion we 
really need? (Th roughout thi s article, 
I point to particular Sustainable Len s 
interviews as noted by their name s in 
parentheses.) 

For me, th e mos t important 
thing is identif y ing and helping the 
disciplin es that have the greatest 
societal leverage. That is, the 
disciplines where the handprint-the 
pot ential to do good-is mas sively 
grea te r than the negative impact , the 
footprint. Education, computing, and 
in particular HC I are disciplines wit h 
very high societal leverage, so that is 
where I have focused my career. 

Computin g has the promise of 
being such a leverage discipline. 
It s handprint is ma ssively greater 
than its footprint. Don't get me 
wrong . Its footp rin t is huge, too; if 
we ju st consid er climat e change (and 
we sho uldn't , as sustainability is 
much broader t han th at, but ene rgy 
and carbon are useful pro xies), 
ICT contribute s about 2 pe rcent 
of anthropogen ic greenh ouse gas 
emissions (Chri s Preist , Barath 
Raghava n). T hi s is about the same 
as the aviat ion indu stry. It 's a 
huge footp rin t, and we need to do 
everything we can to reduce t hi s 
bur den on th e plane t. But computin g's 
potential han dprint is bigger-
much bigge r. Skip Laitne r est im ates 
th at our societ y runs on about 14 
perce nt energy efficiency: "We ar e 
wasting most of what we produ ce" 
(Skip Laitner). Wh ile not th e only 
solution - we need to consume less, 
too - a chunk of the ga in Laitn er 
de scribes can come only from ICT­
enabled sys tems improvements, 
perhaps as much as 30 to 40 perc ent. 

Education can similarly be 
considered a leverage discipline. Our 
service- our potential to do good- is 
vast ly greate r th an our negative impact. 
This is why educatio n for sustainab ility 
is fundam ental to the global Sustainabl e 
Developm ent Goals. Most , if not all, 
terti ary organizati ons have begun 

to address the operationa l aspects of 
sustainab ility. But few have addres sed 
educ ation for sust ainability in a holi stic, 
multidi sciplinary, and systema tic 
manner. The noti ons of the sustain able 
practitioner and the sustainable lens can 
provide a vehicle for this project. 

In 2007, Otago Polytechnic 
adopted as a core strategic objective 
th e statement that "every graduate 
may think and act as a susta inable 
pr actiti oner." The statement has been 
revised over the years but still holds, as 
illustrated in the ope ning paragraph of 
Otago Polytechnic's Annu al Report: 

Guiding our students through a 
formative time in their lifelong learning 
journeys is a special privileg e. A t 
Otago Polytechnic, they engage in an 
experiential learning process and emerge 
as capable, work-ready,futurefocused 
and sustainable practi tioners [l]. 

Otago Polytechnic's sustai nabilit y 
journe y is explored in The Green 
Graduate [2] and The Simple Pledge 
[3]. Rather than specify ing in 
advance a predetermined set of 
behaviors to describe a sust ainabl e 
prac t itioner (either gene ri cally or 
for each di scipline ), instead we aim 
to take stude nts on a journ ey to ward 
identi fying what it me ans for them 
to th ink and act as sustainab le 
pra ct iti oners. After nearly 10 
years, 93 perc ent of grad uat es 
agre ed wit h t he st atement, "My 
learning exper ience developed 
my under st anding of soc ial, 
environment al, and economic 
susta in abili ty" (2013). In the 
Graduate Emplo yer Surve y (2012 
dat a), 94 pe rcent of emp loyers rated 
"D emo nst rate an und erstandin g of 
social, environ mental, and economic 
susta in ability" as a criteria for 
employment as very hi gh, high, or 
moderate , and 87 percent agre ed 
that Otago Polytechni c graduates 
demonstrated thi s att ribut e. The 
int ernational ben chm ar k AUSSE 
survey (2013) asked re spondents 
to ra te th e lea rning expe rienc e on 
a numb er of dimensions, incl udin g 
"[the learning exp erien ce] contr ibut es 
to liv ing in a sustainable way ." OP 
respo ndents were con sider ab ly 
more agre eable than the benchm ar k 
(58 pe rcent agr ee, compared with 
35 percent for both nat ional and 
in te rnation al benchmar k gro up s). 

Bot h compu t ing and edu cation 
can clearly have a big effect on 
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sus tainabilit y. Therefore the potent ia l 
for com binin g them as Computing 
Education for Sustainability 
(CEfS) was appealing. While I had 
been doing sus tainabilit y through 
comput ing before 2007, in th at 
year my colleag ues and I began 
a series of papers on computing 
education for sus tainabilit y. We 
first linked su stainability and 
computing, quoting United Nation s 
Secretary General Ban Ki-Moon, 
who argued that "infor mation and 
communications technologies (ICT) 
are crucial in spurring developmen t , 
dignit y, and pea ce ." H e urged us to 
"turn th e digital divide into digit al 
opport unity" and sai d that ICT 
shou ld be promoted "in fightin g 
poverty, illite racy, and disease; in 
prote ct ing t he environment; and 
in empo wering women and girls. " 
We respond ed, "As comp ut ing 
professionals, we need to examin e 
what role we see computing 
professionals playing in that future. 
As computing educators charged 
with cre ating those computing 
professionals, we are doubly 
respo nsible, as we also have put in 
place the sys t em to get us there" 
[4]. In anoth er paper we t ook up 
thi s challeng e an d described th e 
dri vers for CEfS [SJ. We explored 
option s for including susta in ability in 
comput ing qualific ati ons. We looked 
for, but couldn 't find , whole degrees 
in su st a inable com puting-ind eed 
whole cour ses were simil arly elusive. 
Our pr eferred appro ach was one 
of"c riti cal inquiry and in tegration 
throu ghout the cur riculum in ways 
th at are both inc rement al and 
transformat ive" [4]. 

That paper conclud ed with a 
suggested agenda for developing 
CEfS. After further works hopping at 
a nat ional conference, an agend a was 
develop ed by the New Zealand National 
Adviso ry Committee on Computing 
Qualification s (NACCQ). NACCQ 
(then it s successo r organiza ti on 
CITRENZ) add ed susta inable prac tice 
to all comput ing qual ificati ons. Most 
recently, all sub-d egree compu ting 
qualification s were complete ly 
rewr itten in a governm ent-man dated 
review. All such New Zealand 
comput ing qualifi cati ons now include 
explicit requir ements for susta inable 
pract itioners in th e gradu ate profile 
outcomes. On an intern at iona l level, a 
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series of works hops at ACM' s ITiCSE 
conference brought CEfS to the 
attentio n of internatio nal computi ng 
educator s (Michael Goldweber ). 
The eventual outcome of thi s was 
the recognition of th e susta inable 
practitioner in the ACM CS20l3 Core 
Curriculum as a Core Tier 1: "Identify 
ways to be a sustainable practitioner." 

So, has thi s been a success? Have we 
m'ade it? Unfortunately, no. 

If we take the example ofHCI 
seminal pap ers such as Blevis's ' 
"Susta inabl e Interaction Design" (Eli 
Blevis) prompted a flurr y of research 
in sustainable HCI. However, as 
Brynjarsdottir et al. [6] found , much of 
this research is weak and focuses on a 
limited framin g of sustainability and 
h~man behavior, or, as Eric Meyers and 
Lisa Nathan [7] described, is research 
with an "impoverished" focus. 

In describing computin g as a 
pote ntial leverage discipline earlier 1 
?osit_io.ned computing as having str ~ngth 
111 dnvmg computing-supported 
efficiencies. But now I believe this is 
not just ineffective; in fact , thi s focus is 
doing us harm. To be clear, computing 
do~s nee.cl to add ress its own footprint, 
wlu ch will requi re edu cation. And it 
do~s nee.cl to maximiz e its handpr int, 
wluch will also requir e educatio n. 
But so far we have been ineffective at 
addressing the handprin t, and for the 
mos: par t have gotten stuck on energy 
efficiency, with limit ed effectiveness and 
quite po ssibly even doing sustainabili ty 
a disservice (Bran Knowles). 

sca les and barriers of spac e, time , 
cult ur e, species, and di sciplin ary 
bound aries. It means we need to 
switch from a focus on ou tcomes 
to one of proce ss. Ethics and 
sustainability are rarely as sim ple as 
choosin g between an obviou s good 
and an obvious bad. Th e world is beset 
with wick e~ pro~lems, but, as Andy 
Read describes , t he wickedness of 
probl ems is no excuse for standing 
by" (Andy Read). We need to be 
thinking about eve ry decision and 
every ~ction contributing t o a system 
opera :mg .u.nder ethical pr inciples. 
Susta111ab1Itty provides a fram ework 
for expanding eth ical reasoning to a 
complex world. 

So what gives me hope? The 
previous paragraph does-and th e 
fact tha t some comp uti ng researchers 
are beginning to recogni ze thi s as 
th~ next step (Six Silberman) . Batya 
Fri edman and Lisa Nathan' s multi­
lifespan inform at ion systems have 
really looked at how we might start to 
ad~ress int ergenerati ona l equi ty (Batya 
Friedman ). I'm excited by work th at 
focuses on communit y engagemen t , 
not as a means for behavior change, 
but for th e sake of an empo wer ed 
communi ty: Steve Benford's traj ect ories 
and un comfortab le interaction s (Steve 
Benfo rd), the University of Lancaster' s 
work on Tiree (Maria Angela 
Ferrario), Rob Comber's empo wering 
communitie s (Rob Combe r), and David 
Gre~n's par t icipatory docum ent ary 
ma kmg (David Green). T his research 
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now making a different difference 
dir ectly supporti ng the profe ssi01;al 
practi ce of people who want to be 
conside red sustainable practitioners. So 
her e's th e qu estion I would like every 
computing educator to ask themselves: 
How is my work contributin g 
to a re storative socio-ecological 
tra nsformation at scale? 
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So now, ra th er than being critical 
of compu ting, I'm instead work ing 
to demonstra te po sitive alt erna t ives . 
There are a numb er of computin g 
people. o_n Sustainable Lens workin g 
on pos1t1ve soluti ons (http: // 
susta ina blelens.org / ?cat =66), but if 
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0 A geog raphe r work ing in computing, 
Samuel Mann has taught and resea rche d 

Compu~in g for sust ain abili ty 
cannot be Just about effi cienc y gain s. 
The problem tran scends carbon and 
energ y. How can comput in g help 
reverse biodi versit y Joss? Or ma ssive 
globa l in equiti es? Or eve n local 
problem s, such as why the Jogs are 
trans por te d on the road instead of 0 11 

the adja cent train t rack? Nor is it ju st 
~bout the environment - the system s 
111 qu~st ion .are as much social as they 
are b10phys1cal. As a society we have 
~o learn to live in a compl ex world of 
interdepen dent syst em s with high 
'.lncerta inti es and multipl e legitim ate 
interests . T hese compl ex and evolving 
system~ require a new way of thi nking 
abo~t n sk, un certai nty, am bigu it y, 
and ignora nce [8]. Th ey req uire t hat 
We think simultan eously of dri vers 
and impacts of our acti ons across 

you look for on ly one, I suggest going 
b~yond comput ing and listening to 
Richard Lath am and Jennifer Mcl vor 
ofWis hbone Des ign Studi o (Lath am 
and McI:or) .. r: we coul d do computin g 
for susta 111ab1hty like the y do bu siness 
th e world would be a better pl ace. ' 

I began a career in computing to 
mak e a d ifference. I would like to thi nk 
t hat I have mad e tha t difference. I am 
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