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Recently there have been tremendous advances around open source and low-cost technologies 
that have implications for environmental science and environmental management [1].  Prominent 
examples of this can be found in the recent “maker movement” and the creation of community-
based “makerspaces” (http://makerspace.com) and the emergence of groups like the Public 
Laboratory for Science (http://PublicLab.org).  In this course, I hope to assemble an 
interdisciplinary set of self-motivated students who will be introduced to several general areas of 
open source or low-cost commercial technologies that can be applied to solve real-world 
environmental management problems.  
 
Specific projects will be identified by the students based on their particular interests, but centered 
around two primary areas: 
 
• Do-It-Yourself (DIY) / Do-It-Together (DIT) remote sensing of the natural environment   
 

In this project option, students will implement their own remote sensing rig (via camera and 
helium balloon or kite) using PublicLab.org’s kits and DIY instructions. Remotely-sensed data 
will be and analyzed using open source Geographic Information Systems software 
(Osgeo.org). Over the next decade, there will be a great increase in DIY remote sensing for 
environmental management applications given the advances in unmanned aerial vehicles 
(e.g., quadcopters). For example, in the summer of 2013, I, along with a team of students, 
investigated the use of this balloon-based remote sensing (infrared and RGB) for the 
inventory of the invasive plant species, Water Chestnut, in a local lake (see example images 
below). Some of my past research involved landcover change analysis with Landsat satellite 
imagery. Until this project I had never actually been in an image as it was being taken (I’m in 
the canoe, with the balloon and camera rig tethered. The middle image is an infrared image, 
the other is a natural color RGB image).  

    
 



DIY environmental remote sensing is area with tremendous potential for innovation for 
environmental monitoring, and is an area that has some interesting public policy challenges 
that the students will be asked to reflect on. For instance, there is a new group forming in the 
5-colleges interested in issues around the appropriate use and policies for the use of 
unmanned aerial vehicles. 
 
References: http://publiclab.org/wiki/balloon-mapping; http://publiclab.org/notes/cfastie/07-
23-2013/waterchestnut-big-picture)  

 
• DIY/DIT Arduino- or Raspberry PI-based environmental sensing and monitoring  
 

There is now an enormous and thriving community around developing applications using the 
open source electronic microcontroller device called the “Arduino” (http://arduino.cc), its even 
smaller microcontroller relative called the “Lillypad 
(http://arduino.cc/en/Main/arduinoBoardLilyPad) as well as the tiny, but full-fledged computer, 
called the Raspberry Pi (http://raspberrypi.org). These technologies can serve as an on-ramp 
to the world of embedded electronics, programming, and the ‘internet of things’ and provides 
them an opportunity to create technological solutions to environmental problems with low cost 
electronic and computing hardware.  

    
 
At UMass Amherst, several colleagues have implemented environmental monitors for 
buildings using Arduino and Raspberry Pi modules and assorted temperature, pressure, 
humidity, and ambient light sensors. Engineering students at UMass have already prototyped 
Arduino technology for use as a GPS tracking device and wireless data transmitter. In this 
project option, UMass Amherst engineering, computer science or information technology 
minor students would be paired with either green building or wildlife ecology students to build 
applications related to energy monitoring or wildlife-tracking applications. Energy projects can 
link their data with one of several free online services or use data visualization and 
interpretation libraries such as D3 (http://d3js.org). Wildlife tracking students will either map 
domestic animal (e.g., dog) movements using their technology and open source Geographic 
Information Systems (http://OSgeo.org), or develop their own motion-detector and camera 
equipment to monitor an area for wildlife. 

 
General Class Structure  
 
In the beginning of the class, students will meet and form teams to identify an environmental 
monitoring project they would like to design and implement. After projects are identified, we will 
use weekly class sessions for roll-up your sleeves working sessions on these projects. In these 
sessions you will (1) utilize online educational material to learn the technologies needed to build 
your device; (2) work iteratively, to develop and test a project prototype; and (3) (hopefully) 
develop a working system. A second component of the class will be to participate once a week 
(Monday-Thursday) as a teaching assistant and/or co-instructor in an after-school program 
around these technologies for Amherst Middle School youth, off campus at Amherst Media. Open 
work sessions will also be available at Amherst Media on Friday afternoons. See Table 1 below 
for more detail on the semester schedule and expected milestones.  
 



Who is this class designed for?  
 
I hope that we will get a variety of students from a variety of programs in the 5-colleges. This 
would be a natural class for students in Computer Science, Informatics or Engineering or the 
UMass Information Technology Minor. But the class is meant to be interdisciplinary and is 
designed with particular attention to students interested in Environmental Science, Natural 
Resources Conservation, Public Policy and Administration, Biology, Sustainability, or Building 
and Construction Technology/Green Building who are interested in taking a semester to learn 
about the use of these technologies. Moreover, students in other 5-college campuses (Amherst, 
Smith, Hampshire, Mt Holyoke) are also encouraged to enroll.   
 
Requirements and expectations: 
 
Each project team will need their own laptop. To the extent possible, the instructor will provide the 
open hardware technology (e.g., Arduinos, Lillypads, associated sensors) needed to implement 
your project.  
 
Expectations are that students will work six-to-seven hours/week outside of the weekly 2.5 hour 
class meeting, and will commit to helping with at least one after school help session at Amherst 
Media with middle-school youth. Students are also encouraged to go to the open Makerspace 
work hours on Friday afternoons at Amherst Media where there may be others with technical 
expertise who can help you problem solve when needed (see http://amherstmedia.org/makers).  
 
Course deliverables: 
 
1) an implemented project with digital products (e.g., software code they developed for an 
Arduino-based project, for example);  
 
(2) an “instructable” that teaches someone how to implement their project;  
 
(3) a presentation at a Makers at Amherst Media “show-and-tell” event. These documents will, at 
the very least, be stored on a class course management system (e.g., Moodle) or, may perhaps 
be implemented on a more public platform such as a “research note” on the PublicLab.org 
website. We may ask teams who produce a really excellent project to possibly allow Amherst 
Media to film a new segment in the online show we call “Makers at Amherst Media.” The first 
“show” can be found here: http://amherstmedia.org/content/makers-amherst-media-0; and 
 
(4) Service learning in the form of mentoring Amherst middle school students in a 4-day a week 
after school program in this space, 2 hours on one afternoon of your choice, Monday-Thursday, 
each week. By doing this, we hope, we will continue to build a broader maker community 
organically that involves not only UMass but the other 5-colleges as well, and other “makers” who 
are in the local community. 
 
Class schedule and milestones:  
 
September: Students are introduced to and learn about course deliverables and expectations. 
Teams form organically but are interdisciplinary team with at least one student with technical 
skills and the other having some natural resource science background. Students define a social 
and/or environmental problem they want to pursue under the Project Option areas listed above, 
write up a proposal (on the Wiki) and in class discussion, the students and I, as well as other 
Makerspace participants will work together to refine or focus the idea. In preparation for the 
learning assessment, students will complete a survey gauging their understanding of the chosen 
technologies they wish to work with, and their understanding of the science problem they seek to 
undertake.  
 



Students begin the self-learning needed to implement their idea. Generally, this will follow an 
iterative cycle, shown in the Figure below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
October-November: Students work on projects following the iterative cycle shown in the figure 
above. Expectations are that they will work approximately ~7 hours/week outside of the weekly 
2.5 hour class meeting.  
 
November/December: Continued implementation. Students work on final project deliverable, and 
finalize an “instructable” on their project as well as prepare an educational session on their project 
for local middle- or high-school students. The final class meeting with students and faculty to 
reflect on experience, and discuss improvements for next offering.  
 
This is truly an experimental class this semester, built around self-learning in a “do-it-together” 
kind of environment. If you, and perhaps a friend, are self motivated and interested in exploring 
new technologies and new applications through this class, I encourage you to contact me directly 
to discuss your background and interests before you enroll. Email me at 
cschweik@pubpol.umass.edu.   
 
Grading: 
 

Regular attendance in class meetings: 25%  
 
Semester team project: 55% 
 
Participation in after school service learning program to Amherst middle-school youth: 
20% 
 
Extra open work hours held Friday afternoons at Amherst Media (Optional, but 
encouraged). 
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