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ABSTRACT 
This paper surveys efforts at the integration of sustainability into the 
computing curriculum at three levels of granularity, with our 
particular focus on higher education. Course-level integration 
introduces whole courses into a computing curriculum that are 
focused on topics at the intersection of computing and sustainability. 
At finer granularity is component-level integration, which 
introduces sustainability-topical exercises, assessments, lectures, 
modules, and other materials into computing courses where the 
dominant focus is on the learning of computing concepts, 
techniques, and applications. Finally, we draft a possible future of 
curricular-level integration of sustainability into computing 
education, which can include special tracks and majors.  
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1. INTRODUCTION 
Computing is ubiquitous, and potentially benefits and impinges on 
many environmental and societal sustainability issues. It is no 
surprise then that computing is included across sustainability-
relevant education and research. Courses in agent-based and other 
simulation modeling for environmental applications are good 
examples of the penetration of computing into sustainability-topical 
curricula. For example, consider Environmental Science 475 from 
Southern Oregon University (SOUES475, ongoing): 

ES 475 Environmental Modeling This course teaches 
environmental simulation modeling and the application of 
computer model results to real world problems in 
environmental studies. Computer-driven data analysis and 
modeling have become critical to the understanding and 
resolution of environmental problems and issues of 
sustainability and natural resource management. This course 
teaches computer simulation modeling skills and environmental 
system dynamics through an applied approach requiring the 
conceptualization, construction and creation of dynamic 
computer simulation models to aid in the resolution of 
environmental problems. (SOUES475, ongoing) 

There are important computing concepts and techniques presented 
in such courses, which can be a valuable source of ideas for teaching 
computing generally, including within a computer science 
curriculum.   

Inversely, sustainability issues can be infused into the curricula of 
computing; this directionality is the focus of our paper. The reasons 
advocated for this infusion of sustainability into computing are 
several fold (CCC/CRA, 2011, pp. 20-21; NAP, 2012, Ch. 5, pp. 96-
97).  

First, sustainability concerns are (or should be) pervasive, as are the 
disruptive (aka potentially transformative) technologies of 
computing. For the benefit of society and environment, a 
sustainability agenda and a computing agenda should be 
coordinated, if not coextensive.  

Second, computer science educators better ensure that computing is 
“taught right” in sustainability fields, and other application fields for 
that matter, if CS educators embrace sustainability applications and 
lead on developing pedagogy and materials for computing 
technologies in these areas, ideally in collaboration with 
sustainability-area domain experts.  

Third, sustainability areas offer rich real-world problems that can be 
crafted at varying complexity, all of which can benefit the education 
of computer science students.   

This paper surveys efforts at the integration of sustainability into the 
computing curriculum at three levels of granularity, with our 
particular focus on higher education. The space of computing and 
sustainability education and research has been termed 
computational sustainability (Gomes, 2009), a term that we adopt 
here, but we also recognize that much work in computing and 
sustainability is not labeled as such (e.g., Mankoff, et al, 2008), and 
we recognize relevant work regardless of label. 

Course-level integration introduces whole courses that are focused 
on computational sustainability topics. At finer granularity is 
component-level integration, which introduces sustainability-
topical exercises, assessments, lectures and other materials into 
courses where the dominant focus is on learning of computing 
concepts, techniques, and applications. These types of integration 
are proposed elsewhere too (Cui, 2010; Fisher, 2007), though an 
actual survey of available courses and materials is new. 

Finally, we draft a possible future for curricular-level integration 
of sustainability into computing education. While we don’t imagine 
creation of computational sustainability majors in the near term, 
many universities allow for student-customized majors (Fehlen, 
2016), of which computational sustainability might be an attractive 
option.  

Our motivations for surveying and framing the integration of 
sustainability into computing curricula are (a) to provide resources 
for instructors interested in creating their own courses, including 
wiki resources for adding to the community’s resources; and (b) to 
provide thoughts on computational sustainability curricula that 
instructors may find beneficial for advising students. 

2. Course-Level Integration 
Perhaps the most apparent type of integration of sustainability into 
computing education is the introduction of specialized 
computational sustainability courses. A Google search using a core 



set of keywords (i.e., ‘sustainability computer science course’), with 
variations that include additional keywords, and quotes, turns up a 
number of such courses offered at diverse institutions of higher 
education. But our search for relevant coursework has been ongoing 
for a longer time. Indeed, one of our primary motivations in this 
paper is to catalog computational sustainability courses and 
materials, and to highlight the crowdsourcing mechanisms that are 
already created, which others can use to add to online repositories. 
The References include links to the courses and materials cited 
herein. 

In this section and throughout the paper, we will focus attention on 
integration of sustainability into computing curricula. Having noted 
the relevance and importance of the inverse direction, to the extent 
it can be distinguished, of computing into sustainability, we set it 
aside in this paper, other than briefly returning to it in Section 4. 
Thus, some courses in the intersection of computing and 
sustainability have been excluded here because their home 
department is not computing primary -- this includes the exclusion 
of courses in non-computing primary engineering disciplines. 

2.1  Green IT Courses 
Some courses are concerned exclusively with what is popularly called 
“Green IT.” It is widely recognized that there are sustainability 
concerns with information technology itself, most notably 
computing. Köhler & Erdmann (2004) reference these as the  “first 
order effects” of information technology. The first order (aka direct) 
effects include the growing energy footprint of computing 
worldwide, and thus there is an interest in reducing per “computing 
unit” energy usage, as well as the energy used to create and recycle 
computing hardware. Other concerns relate to the depletion of 
precious metals and other materials used in hardware, and the 
difficulty with recycling these materials.  

At the level of topic abstraction in which we will subsequently 
consider other computational sustainability courses, those courses 
that are predominantly “Green IT” (e.g., GMUCS795, 2016; 
BUCS504, 2012; Hamilton, 2015; Cui, 2010) form their own 
category. A further decomposition of Green IT courses would  

* characterize the extent to which the focus was on energy, to 
the exclusion of materials depletion and recycling (GMUCS795 
2016; Hamilton, 2015), or in combination with materials 
depletion and recycling (BUCS504, 2012); 

* characterize the course’s attention to the entire technology 
lifecycle (BUCS504, 2012), versus just the usage phase 
(GMUCS795 2016; Hamilton, 2015); and 

* characterize the kinds of technology considered, to include 
mobile devices, networks, the cloud and server farms, and 
virtualization. 

Finally, a deeper characterization of Green IT courses would ask 
whether they have any coverage of “rebound effects” (Fisher, 2012; 
Tomlinson, et al 2011), which are indirect effects (e.g., increased 
collective worldwide energy footprint) that result from changes in 
technology (e.g., greater per computing-unit energy efficiency) for a 
variety of reasons (e.g., “induced use”, in which increased efficiency 
encourages greater use). The Green IT courses we surveyed have no 
such coverage. Indeed, such coverage would imply an attention to 
larger system-level considerations about how humans use 
technology, to include HCI, and by the definitions we have given 
here, such coverage would make the course NOT exclusively Green 
IT. 

Other courses that we survey next may include some Green IT as 
part of their content, but they are broader in scope, addressing what 
Köhler & Erdmann (2004) call second and third order effects of 
computing. Tomlinson (2010) refers to such higher-order effects as 
“Greening through IT”. These higher order effects will typically 
relate in one way or another to computing’s importance in 
intelligent, evidence-based decision making about environmental and 
societal challenges. This is much more in line with what Gomes 
(2009) and others have intended by the term computational 
sustainability.  

2.2 Computational Sustainability Courses 
Of the computational sustainability courses that we have 

found, some appear to have no public facing presence beyond brief 
catalog course descriptions (SewaneeCSCI120, ongoing; PittCS690, 
ongoing; NDSUCSCI428, ongoing). Nonetheless, having been 
found, instructors will be invited to contribute details. 

Other courses, such as two current Fall 2016 offerings 
(UNMARTS441/541, 2016; VUCS3892/5892, 2016), have much 
more publicly available material than the catalog description. For 
these latter courses, the available online material includes required 
and optional readings, and assignment and project deadlines. The 
course description for the University of New Mexico course, for 
example, is here, and a link to the complete syllabus is found under 
the References (which is the case for all courses, when those 
resources are available). 

ARTS 441/541, ECE, CS, SUST, CRP: Computational 
Sustainability, Computational sustainability focuses on 
computational methods for balancing environmental, 
economic, and societal needs for a sustainable future.   It is a 
highly interdisciplinary field full of diverse developments. The 
course is designed to be an introduction to computational 
sustainability, providing a broad coverage of the field. It is 
suitable for advanced undergraduate and graduate students in 
computer science, computer engineering or from other 
disciplines with good familiarity with computational methods. 
(UNMARTS441/541, 2016). 

2.2.1 Computational Sustainability Course Topics 
To better characterize and understand the coverage of topics in 
computational sustainability courses to date, we used the Mallet 
topic modeling software (Mallet, 2016) from UMass Amherst to 
discover plausible topic models from the readings of 6 previously 
offered courses. These previously offered courses are: 

Sustainability and Assistive Computing (Bryn Mawr 
College, Fall 2010); 

Computing and the Environment (Vanderbilt University, 
Spring 2011); 

Topics in Computational Sustainability (Cornell University, 
Spring 2011); 

Computational Sustainability (University of British 
Columbia, Winter 2013–2014); 

Computational Sustainability (Georgia Tech, Spring 2014); 

Seminar on Computational Sustainability: Algorithms for 
Ecology and Conservation (University of Massachusetts 
Amherst, Spring 2014). 



 

 

 

Table  1 :  Ten topics discovered with Mallet when run on full papers of all 
readings of 6 courses. Each topic is defined by 9 keywords. Each topic is 
weighted to reflect its prevalence in the document collection. Because a document 
can reflect multiple topics, these weights do not sum to 1.0. The topic name was 
selected by the authors, as is typical when using topic modeling. 

The materials for these courses, and others, are in a Wikibook 
repository that is open to community readership, authorship, and 
editorship (Wikibook CompSust courses, 2016 -- see References for 
the link). It is to this repository that instructors can add details of 
their computational sustainability courses. We plan to update and 
refine the kind of initial analysis reported here at intermittent points, 
and informed by community feedback. While this initial cohort of 
courses is small enough at present, and our domain expertise is good 
enough, that topic modeling is not yet required, we imagine a future 
in which cataloging of subsequent materials is aided through topic 
modeling (e.g., Ecowatch, ongoing). 

Given a set of documents, Mallet returns a set of “topics” that are 
represented in the collection. For example, given a set of scientific 
papers from multiple academic disciplines, we might expect that 
Mallet would “rediscover” the disciplines from which the documents 
were drawn. Mallet uses word prevalence, co-occurrences, and other 
factors to guide the definition of topics. The topics themselves are 
characterized by a list of dominant words that tend to be found in 
the documents of that topic.  

To use Mallet, we took all electronically available readings, which 
included virtually all of the readings from across all 6 courses above, 
and treated this union as a single document collection. The topics 
discovered by Mallet are in Table 1. 

Using Mallet, and other topic modeling packages, for the discovery 
of topics is almost never a fully automated process. Rather, analysts -
- the authors in this case -- ran Mallet with a variety of parameter 
settings (e.g., the target number of topics was varied) and we initially 
experimented with simply using the abstracts of readings rather than 
the full papers. While we had done manual stemming when 

experimenting with paper abstracts (e.g., replacing each instance of 
“models” with “model”), we have not yet done this for full papers, 
so “word” and “words” both appear in topic 5’s keyword list, and to 
simply remove ‘models’, for example, would artificially diminish the 

role of modeling in the 
definition of topic 5 and 
potentially other topics. 

Tomlinson (2010) was a 
required textbook in the 
Vanderbilt course. This text 
largely focused on social 
computing for 
sustainability, but it was not 
online, and probably would 
not have been used in any 
case given its 
disproportionate length. 
Thus, social computing is 
probably underrepresented 

in the topic list. 

With the discovered topics in Table 1, Mallet is able to characterize a 
given document by a weighted vector of topics. In particular, after 
topic discovery, we appended the readings for each course into its 
own “super-document” and ran Mallet’s characterization procedures 
on each course’s super-document, which we take as a topic 
characterization for the course. The results of characterizing each 
course by a weighted topic vector are shown in Table 2. We will 
continue experiments post review. 

In Table 2, each course is represented by 10 topic weights, 
representing the degree that the course’s readings reflect each topic. 
For a given course, the ten weights sum to 1.0. Thus, the average 
topic weight is 1.0/10 or 0.1. We take each topic with a weight that 
is greater than this average to be “characteristic” of the course. 
Thus, the characteristic topics of the Bryn Mawr course are Topics 
1, 2, 4, and 5. We use bold face and font size to for visualizing the 
characteristic topics across courses. The same caveats apply as did in 
topic discovery (e.g., Vanderbilt’s use of a social computing textbook 
is not reflected in its characterization).  

Despite the imperfect precision of topic modeling for characterizing 
our course collection, we believe that refining the methodology is 
worth pursuing, thereby allowing us to track changes in 
computational sustainability course coverage over time. For 
example, as an additional analysis, we want to separate discovery of 
computing topics from discovery of sustainability topics. Currently, 
these two areas are conflated in one topic modeling analysis, which 
is interesting, but it may result in sustainability topics suppressing 
computing topics. Indeed, with the exception of topic 7 in Table 1, 
there seems to be a bias towards sustainability-topical keywords. 

Even in its current preliminary form, the characterization using topic 
modeling enables interested instructors and learners to see what 
topics appear most common across courses (e.g., 1, 2, 3, 5) and 
which topics are somewhat unique to a given course (e.g., 4, 7, 9). In 
many cases this information can be useful for planning a syllabus 
that covers important bases and fills gaps. 

 

3. Component-Level Integration 
Finer grained integration of sustainability can happen within the 
substrate of an individual course. For example, Abernethy & Treu 
(2014) introduce a week-long module into an introductory 
(“familiarity”) computing course, as well as a module into an upper-
division project management course.  

 



 

Table  2 :  Topic representation in each of 6 courses. See main text for 
explanation.  

At even finer levels of granularity, infusion can happen through the 
introduction of video lectures, readings, exercises, and projects. 
Rather than being component materials for a computing and 
sustainability topical course, these fine-grained infusions happen in 
computing courses in which the almost-exclusive focus is on 
teaching and learning of computing concepts. 

Often, sustainability-focused introductions are particular to an 
instructor or class, even if they are sometimes available on the Web. 
For example, a project used in an introductory database 
management course (VUCS3265, ongoing) has students reverse 
engineer the database used in support of Oberlin’s dorm energy 
monitoring initiative (Petersen, et al, 2007), and in the process, 
students learn about the environmental consequences of technology. 
However, there is undoubtedly a magnifier effect when sustainability 
materials make their way into more widely disseminated textbooks, 
such as Patterson and Hennessy’s (2005) computer organization 
textbook, in which real-world applications, most with considerable 
sustainability relevance, are interleaved between the regular technical 
chapters. 

3.1 Computational-Sustainability Repositories 
Instructors can contribute to and use materials from resource 
repositories that are specific to computational sustainability. For 
example, the SISL (Sustainability Improves Student Learning) 
project includes pages of suggested educational resources for 
incorporating sustainability into many disciplines, including in 
computer science (SISL CS, lapsed -- See references for URL). 
Unfortunately, funding for the SISL-sponsored pages, including the 
SIGCSE-cosponsored CS page, has lapsed (SISL, personal 
communication), and while updates by the SISL CS author are 
theoretically ok, such updates are fragile, with any breaks introduced 
through editing not being correctable on the SISL side.  

While SISL CS (lapsed) is computing wide, albeit under developed, it 
can be copied, expanded, and maintained by the computing 
community on another site. A model for community stewardship is 
on Wikimedia, such as the sustainability “lab companion” for 
standard courses in artificial intelligence (Wikibooks, AI Lab). The 
goals of this site are to be a repository for sustainability-focused 
materials that any AI instructor can use -- first and foremost, to 
illustrate and exercise AI concepts and techniques. 

The ultimate success of these niche repositories may be 
helped by lessons learned, and perhaps by piggybacking on 
repositories of a more general nature. 

3.2 Integration into General Repositories 
Nifty assignments (Parlante, ongoing) is an established and 
vetted repository of exercises and projects for computing 
generally. Along with repositories that are more general still 
(e.g., IEEE Real World, ongoing; Merlot, ongoing), Nifty 
Assignments is another target for and source of sustainability-
relevant CS educational materials. 

A survey of Nifty assignments doesn’t show any exercises that 
are substantially sustainability primary, but some are clearly 
close and could be adapted to a sustainability-topical problem. 
For example, Wator World (Scott, 2011) points to relevant 
biology background that could be highlighted and perhaps 
expanded, so that there is infusion of yet more sustainability-
relevant content, while not detracting from the CS concepts. 
Another example is Mountain Paths (Franke, 2016), for 
finding paths through mountainous terrain. If paired with 

background such as Brunskill & Lesh’s (2010) accessible write-up on 
finding optimal paths for rural, developing world healthcare 
workers, who walk many miles a day, then varying adaptations of the 
exercise could be compelling sustainability-relevant exercises. 

If executing a strategy for adapting existing exercises, or simply 
using exercises as is, then ideally those exercises can and should be 
cited, as we have done in this section. Citation better ensures that 
the contributions of educational material will be recognized, and that 
its usage will tracked through analytics on publicly accessible 
platforms such as Google. It is worth community effort to decide 
upon conventions for citation, which can then be posted to 
repositories. 

4. Curriculum-Level Integration 
A third, coarsest proposed level of granularity for integrating 
sustainability into computing education is through the introduction 
of curricular-level constructs like minors, tracks, and majors. This 
section is largely speculative. 

Here we focus on possible computational sustainability majors, in 
part because a computational sustainability minor may be of little 
added value given typical possibilities for both computer science and 
sustainability-relevant minors. 

While we know of sustainability majors, and sustainability-rich 
engineering disciplines, we know of no computational sustainability 
majors per se, nor do we expect these to be offered anytime soon. 
Nonetheless, we set ourselves the task of defining what a 
computational sustainability major might look like at our institution, 
because like so many other institutions, our students have an option 
of creating their own major (e.g., see Fehlen, 2016; or the readers 
can simply Web-search ‘create your own major’).  

A relevant benefit of this exercise, even if just a thought experiment, 
is that we surveyed our institution’s across-campus course offerings 
in search of computational relevance, and uncovered courses that 
clearly integrated computing into sustainability disciplines. In many 
cases these would be desirable electives for our computer science 
students, and they give good ideas to instructors for material, as 
noted in Section 1. 

A relevant question in advising a student on a possible 
computational sustainability major is whether a customized major is 
needed, or can the desired goals be achieved within the confines of a 
computer science major. Our institution, and we expect all 
institutions, will want a reasoned answer to this from a student 



proposing a customized major. A related question is how close to 
satisfying the computer science major requirements will a 
computational sustainability major be. If too close, then perhaps a 
special major is not required, but still, the exercise of thinking 
through the possibilities can inform the advice we give students on 
selecting electives in what is otherwise a “standard” computer 
science major. 

Short of a major, but more ambitious than a single course, is the 
deliberative integration of sustainability into a course sequence. We 
know of no implemented examples in computing per se, but Cui 
(2010) recommends a strategy that appears to be similar to this one 
relative to Green IT courses. An implemented example in 
engineering more generally is a sequence known as PRAXIS (1-2-3) 
at the University of Toronto (Heeney & Foster, 2010). This is a first-
year design sequence in which sustainability is deliberatively 
embedded, and as a first-year sequence, it then influences the 
remainder of the curriculum. 

5. Concluding Remarks 
We have introduced a framework for considering the integration of 
sustainability into computing education, for reasons outlined in 
reports by the National Academies (NAP, 2012) and CCC/CRA 
(2011). This framework defines a continuum in the granularity in 
which integration occurs, from (a) course components, and within 
this, variation from individual exercises to week-long modules; to (b) 
individual courses in computational sustainability; and to (c) larger 
curricular constructs, such as course sequences and customized 
majors. This framework is similar to earlier proposals (e.g., Cui, 
2010), but we have expanded the call for integration of sustainability 
to include higher order effects of computing beyond Green IT. 

Moreover, we have also significantly populated the framework, 
particularly at the course level, and pointed to online resources that 
instructors can add and use content at the component level, ideally 
accompanied by citation practices that strengthen community. The 
supplemental sites are a valuable resource, if used. Our survey and 
highlight of the crowdsourcing mechanisms are additional new 
contributions of this paper. 

Finally, we have made a bare start at organizing and visualizing 
course topic structure, which we believe can be a valuable tool for 
syllabus and curriculum design, particularly as more computational 
sustainability courses come online and can be included in analysis. 
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