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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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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 , 

INTER ACT I D N S. AC M .oRG 

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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