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Abstract 
Research in personal informatics (PI) depends heavily 
upon reliable hardware solutions.  Unless they are 
developing the hardware themselves, PI researchers 
frequently find themselves at the mercy of hardware 
manufacturers.  While working on EMPIRE, a 
sociotechnical system designed to help motivate people 
to reduce their electricity consumption, I have been 
shown repeatedly that I am not immune to this less-
than-desirable outcome.  In this paper, I will describe 
the numerous hardware-related roadblocks we 

encountered, explain how we handled (and continue to 
handle) these obstacles, and present suggestions to 
help PI researchers to be like water and adapt to 
challenging hardware-related problems that often come 
with PI fieldwork.  
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Introduction 
Researchers in any nascent field of study will 
undoubtedly experience obstacles during their journey, 
and the field of PI is no exception.  PI research may 
have a framework for developing software applications 
[1], but hardware developments vary wildly.  And 
because PI research is often tightly intertwined with 
hardware implementations, PI researchers are 
susceptible to finding themselves in undesirable 
situations on account of the hardware they utilize in 
their research.  It is usually time and cost-prohibitive 
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for PI researchers to develop their own hardware, and 
thus must rely on off-the-shelf technologies. As such, 
identifying the appropriate hardware for PI research 
can cause unexpected hurdles, delays, and frustrations. 

Explorations in Personal Informatics for 
Sustainability Hardware 
Our PI research in the sustainability domain has 
involved a considerable amount of searching, tinkering, 
and stumbling in trying to find an appropriate hardware 
solution for our needs.  What follows is a discussion of 
our hardware explorations, from our initial forays to our 
current implementations with all of the missteps along 
the way. 

Cheap But Not Very Helpful 
Our work in the sustainability domain began several 
years ago when PI for sustainability was in its infancy.  
We experimented with the Kill-a-Watt 
(http://www.p3international.com/products/p4400.html) 
and its hacked cousin the Tweet-a-Watt 
(http://www.ladyada.net/make/tweetawatt/).  These 
devices display real-time electricity consumption at an 
electrical outlet via an LCD screen on the device.  The 
Tweet-a-Watt can upload electricity usage to Twitter.  
While helpful, these devices are most useful when a 
person stands over them, watching the output.  They 
help little when examining the amount of electricity 
that is consumed at an outlet over a period of time; 
they provide no direct graphing capabilities and thus no 
opportunity for visual reflection of one’s electricity 
usage.  These devices are relatively inexpensive and 
easy to acquire, however, so they are useful in 
introducing researchers to PI for sustainability 
hardware.  (They were largely not useful with respect 
to direct field study work.) 

“Buying Local” Works Better with Produce than 
Electronics 
We realized that the Kill/Tweet-a-Watts wouldn’t be 
robust enough in a field study situation, so we looked 
elsewhere for hardware providers.  During this time we 
began designing EMPIRE (Empowering People in 
Reducing Energy Consumption) [1], a sociotechnical 
system we hoped would help motivate people to reduce 
their electricity usage.  As our research began to 
expand in earnest, a local company that developed 
hardware for electricity measurement secured a 
considerable amount of investor funding.  Their 
hardware could record data from multiple outlets in a 
residence and transmit that data in near-real time, 
which could then be displayed in a web application.  We 
were looking at performing our fieldwork in a dormitory 
setting where we would only be able to measure 
electricity at individual outlets and not from lighting or 
HVAC elements, so it seemed like a natural fit to work 
with this local company.  We arranged a meeting to 
discuss our research, their goals, and areas where the 
two might overlap. 

The relationship began great.  They were enthusiastic 
about our work and it looked like we had a hardware 
partner with a good product and a good team 
supporting it. We requested some sample hardware 
that we could use to develop initial prototypes against 
and were told that this wouldn’t be a problem.  
Eventually the sample hardware came but not until we 
had waited long enough to request it a second time. 

Developing against the hardware was not as 
straightforward as we’d hoped.  While the company did 
provide some documentation, it was clear that it was 
provided more as an afterthought and less as a 
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resource for developers.  Much of our early 
development involved almost systematic 
experimentation with various variables and settings in 
an effort to get things to work. 

We eventually muddled our way through enough of a 
prototype that gave us confidence that the platform 
would work for our needs, so we set about placing an 
order for enough hardware for a full field deployment.  
For us, this was a substantial capital investment.  The 
company we were dealing with, however, never 
sourced orders as small as we needed; they were used 
to dealing with large electricity companies with 
thousands upon thousands of customers.  And so we 
waited again while they figured out how they would 
process the order.  Eventually they came up with a 
solution, but not until after we had already lost more 
valuable research time.   

And then we waited.  And waited.  And waited.  We 
were originally told that we should have our hardware 
within the month but we ended up waiting several.  
When the hardware finally did arrive, we received less 
than half of what we had ordered with no explanation 
for where the rest of the hardware was or when we 
could expect it.  Furthermore, some of the hardware we 
did receive either didn’t function properly or didn’t 
function at all. 

A Better Way (and an Even Better Way) 
During our aforementioned experience, we looked to 
other possible hardware solutions since the current one 
was untenable.  We eventually discovered an affordable 
hardware solution sold by CurrentCost (the EnviR) that 
could measure and report whole-house electricity 
consumption along with consumption at up to ten 

individual outlets.  With some open-source software 
and a Raspberry Pi, we were able to cobble together a 
relatively inexpensive electricity monitoring solution 
that provided more information and could be sourced 
through parts that were fairly easy to obtain.  Because 
the solution consisted of multiple parts, there were 
more things that could go wrong, either with the 
hardware itself or its deployment.  For instance, both 
the EnviR and the Raspberry Pi need their own power 
supply.  During the first deployment we discovered that 
the residents did not have enough outlets for our 
monitoring solution so we found ourselves digging 
around for a spare power strip in one of our cars. 

CurrentCost eventually began selling a device (the 
Genius) that can report electricity consumption directly 
to a server of your choosing, eschewing the need for a 
Raspberry Pi altogether.  We have recently begun 
deploying these devices for our field study and while 
the deployment process is far more straightforward 
that our previous hardware deployments, we still 
encounter issues such as hardware not reporting 
electricity consumption accurately or simply not 
working altogether. 

Be Prepared to Bend 
PI for sustainability is still relatively new compared to 
other areas of PI research such as wellness and 
finance, so it is unsurprising that hardware designed for 
the domain can be so troublesome.  Performing 
research in this area with a flexible mindset with 
respect to hardware choices will allow you to effectively 
iterate on solutions as necessary, ensuring that your 
research never gets mired for too long in hardware 
headaches. 
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The most obvious lesson that I have learned from this 
research experience is that the more dependent you 
are on a third party, the more likely you will be to 
experience external delays and difficulties.  However, 
developing a whole-house electricity monitoring system 
was outside the scope of our research, so working with 
a third party was unavoidable.  If your PI research 
involves sourcing hardware through a third party, 
allocate time for exploration, testing, and delays. 

I strongly recommend ordering extra hardware, as 
some will no doubt malfunction.  Test all of the 
hardware in the lab before it is deployed in the field to 
determine the lemons and prevent awkward situations 
with participants. If possible choose hardware that is 
readily available.  The more available your hardware is, 
the easier it will be to get your initial batch, subsequent 
batches, and replacements should/when your hardware 
break down. 

As your hardware may fail in the field, monitor the data 
as it is being collected so that you can be alerted if a 
failure occurs.  We have a script that sends us an email 
notification when a hardware unit hasn’t reported 
electricity data for some time.  If we receive these 
notifications multiple times, we then check in with the 
participant to determine if the hardware has in fact 
failed or the participant has simply unplugged the 
device. 

If you are developing software as part of your PI 
research, keep it hardware-agnostic if possible.  We 
were able to reuse much of our software from version 
to version of EMPIRE because we adhered to a Model-
View-Controller design of the software while making 
sure to use standardized approaches to data 
encapsulation.  Open source tools, such as D3 for data 
visualization, are also useful as they allow you to focus 
on the unique elements of your research while 
leveraging community-vetted solutions to common 
problems. 

Acknowledgements 
Financial support was provided by NSF grants 
#1028017 and #1111025.  I would like to express my 
continued thanks to my advisor Gerhard Fischer and 
my research collaborators Hal Eden, and Holger Dick. 

References 
[1] Li, I., Dey, A., & Forlizzi, J. (2010, April). A stage-
based model of personal informatics systems. 
In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (pp. 557-566). ACM. 

[2] Dick, H. and Zietz, J. Cultures of Participation as a 
Persuasive Technology. i-com, 10, 2 (2011/10/01 2011), 
9-15. 

 

714

UBICOMP '14 ADJUNCT, SEPTEMBER 13 - 17, 2014, SEATTLE, WA, USA


