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Abstract—The Kukui Cup is an advanced dorm energy compe-
tition whose goal is to investigate the relationships among energy
literacy, sustained energy conservation, and information technol-
ogy support of behavior change. Two general purpose open source
systems have been implemented: WattDepot and Makahiki.
WattDepot provides enterprise-level collection, storage, analysis,
and visualization of energy data. Makahiki is a web application
framework that supports dorm energy competitions of varying
degrees of complexity, including a personalized homepage where
participants can complete tasks designed to increase energy
literacy that can be verified by competition administrators. The
technology and approach will be evaluated in a dorm energy
competition to take place in the Spring of 2011, with hundreds
of University freshmen. The energy use of each pair of dormitory
floors will be metered in near-realtime, and the energy literacy
of participants will be assessed before and after the competition.

I. INTRODUCTION

Dorm energy competitions are becoming an increasingly

popular event; over two dozen universities were listed in an

online reference guide. Dorm energy competitions have many

desirable properties: they appear to be reliably successful

at reducing energy usage during the competition, they help

foster community in the dorms, they create opportunities for

education, they enhance ecological awareness, and they are

generally perceived as fun by the residents. To the extent

that energy reductions are achieved, they reduce the carbon

footprint associated with the dorm, and of course the electricity

cost to the university. One hopes that the lessons learned from

a dorm energy competition carry over into the student’s life

post-competition and even post-dormitory living.

Dorm energy competitions also provide a useful setting for

research regarding behavioral aspects of energy usage. First,

dorm residents are a “renewable resource”: regular turn-over in

occupancy means that it is possible to embed experimental de-

signs into the energy competition structure and perform partial

“replications” of the study each year. Second, dorm residents

are an interesting group to study because the typical incentive

for behavioral change, financial savings, is not present in this

group. Dorm residents normally pay a flat rate that does not

change regardless of their energy consumption. Finally, dorm

energy competitions can easily involve hundreds of students,

providing a relatively large subject pool for analysis.

Despite this potential, very few dorm energy competitions

have formed the basis for behavioral research. In reviewing the

information available regarding dorm energy competitions, we

find that in most cases, very little data is systematically col-

lected, and fundamental questions regarding the competition

(such as whether consumption returned to its post-competition

level or not) go unanswered. In some cases, this is perhaps due

to the student-led nature of the competition, where resources

and expertise did not extend to the additional level of structure

and analysis required to support a research focus.

In this paper, we report on the design and implementation

of a dorm energy competition to be held at the University

of Hawai‘i called the Kukui Cup1. Like other dorm energy

competitions, we intend this competition to foster commu-

nity, provide opportunities for education, enhance ecological

awareness, and provide fun for the residents. Unlike other

competitions, we are designing this competition not only to

address interesting research questions regarding behavioral

change with respect to energy usage, but also to produce new

technology to aid the research community, whether they wish

to carry out a dorm energy competition or energy research in

some other domain.

We designed our approach to address three basic research

questions. First, to what extent and in what ways does our

dorm energy competition improve the “energy literacy” of

participating students? Second, how effective is our use of

information technology to support behavioral change tools

including goals, commitments, and near real-time energy

feedback? Third, to what extent does our approach yield

sustained changes in energy behavior, and what factors appear

1So named because oil from the kukui nut was a source of energy for
ancient Hawaiians.



to influence sustained change?

In addition to these research questions, our approach also

involves the design and implementation of two general purpose

software systems. WattDepot is a generic framework for

enterprise-level energy data collection, storage, analysis, and

presentation. It is useful not just in the context of dorm energy

competitions, but also to a variety of organizations that need

to collect energy data from dozens to hundreds of independent

sources and store and analyze the results. Makahiki is a generic

web application framework for dorm energy competitions. It

is useful not just for the University of Hawai‘i Kukui Cup,

but can be adapted to support the needs of other universities

who want information technology that can be configured to

the needs of their environment.

The remainder of this paper provides details on our ap-

proach. Section II briefly overviews the relevant literature.

Section III presents the design of the WattDepot and Makahiki

systems and how they work together to support the needs of

the Kukui Cup dorm energy competition. Section IV provides

details on how the competition will facilitate investigation into

our research questions. Section V presents the current status

of our work and promising future directions.

II. RELATED WORK

Our research draws on work from multiple areas. First,

we discuss other dorm energy competitions, then we cover

energy feedback research. Next, we examine related techno-

logical systems, and relate our work to psychological work on

behavior change. Finally, we examine the concept of energy

literacy.

A. Dormitory energy competitions

Energy competitions on college campuses involve residence

halls competing to see which building can use the least energy

over a period of time. The competitions tap into both the

residents competitive urges, and their interest in environmental

issues. However, unlike a home environment, the residents do

not financially benefit from any reduction in electricity use

resulting from their behavior changes, since residence hall

fees are flat-rate and do not change based on energy usage.

This leads to residents being completely unaware of their

energy usage, since they lack even a monthly bill as feedback.

Dillahunt et al. describe similar a similar situation with their

investigation of energy usage in low income communities,

where individuals may not be billed directly for electricity and

may not have the means to upgrade appliances [1]. Despite

these differences, Dillahunt et al. found that the residents

of low-income housing were still motivated to save energy

and came up with diverse energy-saving solutions, which may

suggest that dorm residents can be similarly motivated.

The most basic type of energy competition website displays

energy data which is updated manually on a periodic basis

(such as weekly). The Wellesley College Green Cup [2] is an

example of this type of competition.

Other schools have more complicated and interactive com-

petition websites, such as the early adopter Oberlin College.

Petersen et al. describe their experiences deploying a real-

time feedback system in an Oberlin College dorm energy

competition in 2005 [3]. 22 dormitories were in competition

over a 2 week period, with 2 dorms having feedback updates

every 20 seconds, and the other 20 getting updates every

week. The realtime dorms also recorded electricity usage for

each of the three floors, but only displayed the data from

two of the floors, leaving the third as a control. Web pages

were used to provide feedback to students, since they all had

computers and Internet access in their rooms. They found a

32% reduction in electricity use across all dormitories, with the

2 realtime feedback dorms reducing usage the most. Freshman

dorms were among the highest electricity reducers, while

upperclassman dormitory reductions were quite low (average

2% reduction). During a 2 week post-competition period, the

average electricity usage was similar to consumption levels

during the competition. However, the weather was warmer and

there was more sunlight during the post-competition period, so

it is unclear if the reduction was competition-related. In a post-

competition survey, respondents indicated that some behaviors,

such as turning off hallway lights at night and unplugging

vending machines were not sustainable outside the competition

period.

While dorm energy competitions are being conducted with

regularity, often the emphasis appears to be on the event

and not on research on the effects of the competition. In

particular, there has been little analysis on energy usage after

the competition is over, or how positive behavior changes

could be sustained.

B. Energy feedback

As Lord Kelvin is famously reputed to have said, “If you

can not measure it, you can not improve it.” In the case of

electricity usage, for many people the only feedback they

receive is a monthly bill detailing the number of kilowatt-

hours used over the course of the last month. Ed Lu of Google

analogizes this as if there were no prices on anything at the

grocery store, and shoppers were just billed at the end of the

month [4]. Office workers or dormitory residents might never

see any feedback on how much electricity they are using!

To reduce energy use, people must know how much energy

they are using. Feedback systems display the consumption of

a resource (such as electricity) to the user, usually in real

time. Darby provides a detailed survey of studies on electricity

feedback systems from the past 3 decades [5]. The survey of 20

studies finds that, on average, the introduction of a direct (real-

time) feedback system leads to reductions of energy usage

ranging from 5-15%. Feedback systems providing historical

data (such as those provided with billing statements) are not

as effective (0-10% reductions), but can be useful for assessing

the impact of efficiency measures such as improved insulation

or a more energy efficient appliance, since those savings

accumulate over time.

Darby found that “consumption in identical homes, even

those designed to be low-energy dwellings, can easily differ

by a factor of two or more depending on the behaviour of the



inhabitants.” This finding demonstrates the significant potential

to curb energy usage through changes in individual’s behavior.

Another survey of energy feedback was conducted Faruqui

et al., looking at 12 utility pilot programs that installed in-

home displays with near-realtime feedback [6]. They found

that customers that actively used the display averaged a

7% reduction in energy usage, while those pilot programs

that included pre-paid electrical services reduced their energy

usage by 14%. The sustainability of the energy reduction is

unclear based on the pilot studies since they were of limited

length. The authors believe it is unknown whether the residents

of homes with displays will acclimate to the display and cease

to use it to reduce their energy usage.

Providing energy feedback is a critical foundation for any

attempt to reduce energy consumption, and the feedback itself

will likely curb energy usage somewhat. However, Darby

points out that while feedback is critical for energy conser-

vation behaviors, feedback alone is not always enough [7].

Other factors that lead to higher rates of energy conservation

include contact with an advisor when needed, training and

social infrastructure.

C. Related systems

In this section we examine other systems designed to help

users make environmentally-positive behavior changes.

StepGreen is a social web application designed to encourage

people to undertake environmentally responsible actions [8].

Mankoff et al. have written about the rationale for the system

and description of the design [9]. StepGreen is designed to

leverage online social networks to motivate personal change,

by providing suggestions for improvement. Users create an

account on StepGreen, and then are presented with a list

of actions with positive environmental consequences such as

“Turn off the lights when you exit the house in the morning for

the day”. Each action is associated with its cost savings and

reduction in greenhouse gas emissions. For each action, users

can indicate whether they are already performing that action,

whether they commit to undertaking that action, or whether

the action is not applicable to them. For recurring actions,

users must indicate how many times they have performed the

action since their last report in order for the system to track

the activities. Based on the user’s self-reporting, StepGreen

calculates the amount of money saved, pounds of CO2 saved

(i.e., reduced), and missed pounds of CO2 saved, and provides

a historical graph of these values.

In its current state, it is challenging for StepGreen users

to keep up to date due to the reliance on manual data input.

Grevet et al. studied social visualizations in StepGreen with

a dorm competition at Wellesley College, and found that the

list of actions was not well suited to their lifestyle [10].

The Building Dashboard [11] and Green TouchScreen [12]

are systems that aim to make building occupants aware of the

overall environmental impact of their building. While these

systems are feature rich, they are relatively expensive and

closed commercial systems, making integration with other

software difficult.

At the scale of a single residence, there are systems like the

TED 5000 [13] that provide both the metering hardware and

closely-integrated software for storing and displaying energy

data. These systems provide a good solution for a single

residence, but are not designed for wider-scale data collection.

Pachube is a hosted service that provides a rich API for

storing, retrieving, and visualizing sensor data in an effort to

build the ‘internet of things’ [14]. Pachube has created an

active community around a concept similar to our WattDepot

server (see Section III-B2), with a variety of software libraries,

input tools, and applications. However, Pachube is a commer-

cial hosted service that enforces limits on the rate at which

data can be stored and retrieved (50 requests every 3 minutes

as of this writing), which may be less than some applications

require. In addition, WattDepot is focused on energy data, so

the WattDepot REST API provides energy-specific methods

that make it easier for clients to focus on their application

domain.

Google PowerMeter is a web application developed to

make smart meter data available to the end users living in

smart metered homes [15]. Google partners with utilities that

have rolled out smart meters, and collects the power data

from the utility. PowerMeter also works with the TED 5000

home energy meter that can be installed by end-users without

interaction with the utility. The data is recorded at 15 minute

intervals, and presented in a variety of graphs that show daily

usage and home base load levels. The primary interface for

PowerMeter is a web gadget that is installed on the user’s

iGoogle home page. PowerMeter allows users to share their

data with others, and has added an API to allow users to

get access to their raw data. Google PowerMeter focuses

on single-family homes, and the energy visualization design

reflects that focus. Home-oriented visualizations and the lack

of real-time energy data make PowerMeter inappropriate for

a dormitory deployment at this time.

D. Fostering sustainable behavior

A variety of methods have been employed in an attempt

to get people to change their behavior to be environmentally

sustainable; McKenzie-Mohr provides a good summary of the

area in his online book [16]. Simply providing information

about sustainable behavior tends to not lead to behavior

change. For example, Geller performed an investigation of

the impact of three hour workshops on energy conservation

that included a survey before and after the workshop [17].

The results of the survey indicated that the workshop had

increased the energy literacy of the attendees and they indi-

cated a willingness to implement energy conservation in their

homes. However, followup visits with a selected group of

40 of the attendees found that very few had actually taken

action (insulating their water heater or installing low-flow

showerheads that had been given out during the workshops).

Techniques that have been shown to work are obtaining

commitments, setting goals, and influencing social norms.

Asking an individual to make a commitment has been shown

to be an effective tool in changing behavior. In particular, an



initial small, innocuous commitment can lead later to a larger

commitment. For example, Freedman and Fraser conducted

experiments in which subjects were asked to perform a small

task (such as signing a petition to keep California beautiful)

and then later asked to perform a more onerous task (such

as placing a large billboard on their lawn that said “Keep

California Beautiful”) [18]. They found that subjects that

committed to the small task were much more likely to agree

to the second task. The authors call this the “foot-in-the-door”

technique. One of the reasons this technique is believed to

work is the desire by individuals for self-consistency.

Making commitments public can increase their effective-

ness. Pallak et al. studied residents that were asked to make

a commitment to conserve electricity and natural gas [19].

Some homes were asked to make a private commitment, while

others were asked if their commitment could be publicized,

though they were never actually published. Those that made

commitments that they thought were public conserved more

energy than the private committers, even one year later and

after they were told that their names were not actually going

to be publicized.

Goals can be thought of as commitments that can be

objectively measured, which makes for a good pairing with

feedback. Becker investigated goal setting along with feedback

of home electricity use [20]. Half of the subjects were given

a goal of reducing electricity use by 20% during the summer,

the other half were given a goal of 2%. The subjects given the

higher goal conserved between 13%–15%, while the group

with the smaller goal did no better than a control group.

Houwelingen and van Raaij investigated use of natural gas in

homes and compared daily feedback with monthly feedback

and self reporting, with all groups having a conservation goal

of 10% [21]. The group with daily feedback reduced their

energy use by 12.3%, and some reduction continued in the

year after the feedback device was removed from their home.

Social norms are one way in which people’s behavior is

influenced by the behavior of others. Cialdini et al. make the

distinction between descriptive norms (the way things are)

and injunctive norms (the way things ought to be) [22]. In a

series of experiments on littering, they found that subjects were

significantly influenced by observing the behavior of others.

For example, subjects that viewed someone else littering were

more likely to litter a handbill that had been placed on their

car. Also, subjects that viewed someone else littering into a

clean environment were less likely to litter than those that

observed littering into an environment that already contained

a lot of litter.

One problem with descriptive norms is that they can lead

to ‘boomerang effects’ where the norm has the effect of

decreasing the desired behavior. Schultz et al. investigated

this issue in the context of home energy conservation [23].

290 homes were divided into two groups: one that would

receive a written descriptive norm regarding their energy

usage, and one that would receive the descriptive norm plus

an injunctive norm. The descriptive norm showed subjects

whether they were above or below the average energy usage

in their neighborhood. The injunctive norm was simply a

frowning or smiling emoticon based on whether the subject

home was using more or less than the average consumption

respectively. They found that homes that only received the

descriptive norm led to energy conservation in homes above

the average, but led to increased energy usage in homes below

the average (the boomerang effect). However, those homes

that also received the injunctive emoticon did not have a

boomerang effect. Clearly injunctive norms are an important

addition to any attempt to use comparative data to foster

energy conservation.

E. Energy literacy

Energy literacy is the understanding of energy concepts

as they relate both on the individual level and on the na-

tional/global level. Solving the world energy crisis will require

everyone to understand how energy is generated and con-

sumed, so that they can make more informed choices in their

lives and as informed citizens involved in their communities.

Defining and assessing energy literacy are therefore key to

any attempt to improve energy literacy. DeWaters and Powers

of Clarkson University have been working on an energy

literacy survey instrument for middle and high school students

[24], [25]. They define energy literacy as consisting of three

components: knowledge, attitudes, and behaviors. An example

of energy knowledge would be understanding that the kilowatt-

hour is the basic measure of electrical energy. Energy attitudes

refers to concepts like needing to make more use of renewable

energy in our power grid. Energy behaviors refer to specific

things that can be done to reduce energy use, such as turning

off lights when leaving a room.

Earlier work on assessing energy literacy includes a survey

of attitude, knowledge, and intentions by Geller [17] given to

participants at energy conservation workshops in the wake of

the 1970s energy crisis.

III. SYSTEM DESIGN

A. Requirements

As our related work findings illustrate, current software for

energy competitions tends to be either commercial, closed

systems, or special purpose, “one-off” systems. We strive in

this project to create software with an architecture that is

open, extensible, and easily tailored to the needs of different

universities. We intend the software infrastructure from this

project to provide as much of a research contribution as our

actual experimental results.

The following general requirements inform our system

design.

Open source. To maximize the potential for community

participation in development as well as use of the software,

we make all components available as open source, and utilize

only freely available third party components for development.

There are no software costs associated with the use of our

system.

Platform, language, and meter neutrality. We want to avoid

lock-in to any particular platform, language, or metering



technology. To avoid platform lock-in, we develop all com-

ponents using technologies such as Java, Python, Javascript,

and Google Visualizations that are available on Windows,

Macintosh, and Linux platforms. To avoid language lock-

in, the system observes a service-oriented architecture, where

components communicate with each other over HTTP via a

RESTful API. This isolates language dependencies to individ-

ual services. For example, the WattDepot server is written in

Java, while the Makahiki web application framework is written

in Python. Finally, to avoid metering technology lock-in, the

system architecture involves “sensors” that query any given

meter using its native protocol, which then translates the data

into a common format for use in the rest of the system. Thus,

adapting the system to a new meter technology simply involves

implementing the sensor for that technology.

Feature subsetting. Not all universities need or want the

same level of sophistication in their dorm energy competitions.

In reviewing other sites, we found that they ranged from

simple single web pages that are edited manually, to advanced

sites that integrate near-real time energy data. Our software is

designed to support users with a variety of needs.

B. Architecture

Figure 1 illustrates the high-level architecture of the system.

There are three basic subsystems in this architecture. The

first is the dorm electrical infrastructure, illustrated on the left

hand side of the diagram. This infrastructure includes power

distribution to dorm rooms where residents consume power. It

also includes one or more electrical meters that monitor power

consumption and that are connected to the Internet. The second

subsystem is WattDepot, an open source suite of tools for

enterprise-level collection, storage, analysis, and presentation

of energy data [26], [27]. The third subsystem is Makahiki, an

open source framework for building dorm energy competition

web applications. The following sections discuss each of these

architectural components in more detail.

1) WattDepot Sensors: In order to track energy consump-

tion or production, a physical meter of some sort is required.

Energy meters come in a variety of designs from many

manufacturers, and the manufacturers often provide some sort

of management or data collection software. However, the data

collection software is often closely tied to a particular brand

of device, making data collection from heterogeneous meters

complicated and reducing flexibility when selecting a meter

vendor.

WattDepot solves this problem through the introduction of

software “sensors” that collect data from a type of meter

and send that data in a standardized format to a WattDepot

server using the Internet and the RESTful WattDepot API

over HTTP. This encapsulates the meter-specific code into the

sensor, allowing meter selection to be performed independent

of storage, analysis, and visualization capabilities.

2) WattDepot Server: The WattDepot server acts as the

central hub for energy data: sensors send energy data to the

server, and clients make requests to retrieve data from the

server for analysis or visualization. To allow for flexibility and

extensibility, the server provides a RESTful web services API.

REST (REpresentational State Transfer) [28] is a specification

paradigm, which, when applied to web services, generally

results in more easily usable and extensible communication

than alternatives such as SOAP. The WattDepot API [29]

provides more details and a full specification of the supported

operations.

Two other notable features of the WattDepot server are

meter aggregation and data interpolation. When deploying

meters to monitor a large installation such as a building, it may

require multiple meters to track the energy usage of a single

logical unit, such as floor of a building. WattDepot allows

the specification of virtual sources that aggregate the energy

data from all their sub-sources. These virtual sources make it

easier for clients to retrieve data about logical units (such as

floors) without having to worry about the details of the meter

installation.

When multiple meters are used to monitor a single logical

unit, another common issue is the “timestamp problem”.

The internal clocks on meters may not be synchronized,

and interval between successive queries of meter data by a

sensor may not be uniform. This can lead to a virtual source

that aggregates meter data from two subsources where the

timestamps of the energy data differ significantly. Clients will

often want to request energy data from a virtual source at an

arbitrary time, independent of the data timestamps the server

actually possesses. WattDepot solves this problem by linearly

interpolating energy data requests from clients that lie between

timestamps of recorded meter data. This allows the energy data

retrieved from meters to be stored verbatim, while allowing

clients the flexibility to request data at arbitrary times. If

the energy data is being sampled frequently, the error from

interpolation should be relatively low.

3) WattDepot Cloud Cache: A typical dorm energy compe-

tition will involve hundreds to thousands of students. Energy

data requests are characterized by the desire for relatively

recent results. For example, how much power did my dorm

use in the last hour, and how does that compare to usage

during the same hour over the past month? They are also

characterized by the fact that those same results do not tend

to be user-specific: monitoring the energy usage of individual

dorm members is not practical at the current time; the most

fine-grained collection we have seen is floor-level. These

two application characteristics argue for caching of results so

that the WattDepot server is not processing the same request

hundreds or thousands of times.

The architectural issue is: where should that cache of

reusable data be placed? There are three choices: in the

server, in the web application, or in a third service “in

between” the server and the web application. All of these

approaches have their strengths and weaknesses. Our system

architecture chooses the last approach, in which a service

called WattDepot-GData creates Google Docs spreadsheets

containing high level abstractions of the raw data stored in

the WattDepot server. We chose the Google Docs cloud-based

storage system because it is free, it is scalable and very high



Fig. 1. System Architecture: Dorm energy usage is captured by one or more meters, which are queried by WattDepot sensors and the raw
data sent to the WattDepot server. Analyses are computed and stored in cloud-based services for ease of retrieval and display in the Makahiki
web application.

performance, and it integrates extremely well with the Google

Visualization API. This latter feature enables the Makahiki

web application framework to provide advanced, interactive

visualizations of energy data with very little end-user coding.

4) Makahiki: The final subsystem in our architecture is

called Makahiki [30], which is a framework for developing

dorm energy competition web applications. Figure 2 illustrates

the home page for the University of Hawai‘i dorm energy

web application built as a configuration of Makahiki. As

a framework, Makahiki supports several forms of tailoring

without requiring any editing of the underlying Python source

code.

Configurable look and feel. The color scheme and logos

for the site are defined in CSS files that can be edited or

replaced to best reflect the University’s color scheme. At the

University of Hawai‘i, Makahiki is configured with a green

and white color scheme and the “Kukui Cup” name and logo.

We use the JQuery ThemeRoller application to simplify the

generation of alternative look and feels.

Configurable display panes. Each page in the web appli-

cation generated by Makahiki contains a number of display

panes. The contents of these display panes can be easily

reconfigured. For example, the form of energy visualization

can be changed by editing the underlying Javascript associated

with the display pane.

Configurable functional modes. Makahiki supports several

functional “modes”, which enable it to conform to the needs

of a wide variety of dorm energy competitions.

The “single page” mode is the simplest mode, which enables

a university to create a simple, single page website with a

matching look and feel for their university. In single page

mode, energy data and dorm standings can be visualized by

manually creating Google Docs spreadsheets and configuring

the display panes to visualize the data as tables or bar charts.

In this basic functional mode, there need not be any use of

WattDepot; all data can be collected manually by competition

organizers and entered into spreadsheets for display.

In “multi page” mode, Makahiki generates a web application

containing a Home page, a Resources page, an Energy data

page, a Competition page, and an About page. Multi page

mode provides a more comprehensive web application that

enables the university to provide significantly more informa-

tion than is possible with single page mode. As with single

page mode, multi page mode does not require WattDepot.

The final mode is called “login” mode, and it is in this

mode that Makahiki provides features not currently found in

other dorm energy competition web applications. In this mode,

each resident of the dorm can login (using their university-

assigned credentials) to their own personally customized home

page, which provides access to energy data regarding their

floor as well as behavioral change tools. Login mode requires

automated access to energy data and so WattDepot is required.

Figure 3 illustrates a sample configuration of an individual user

home page.

The design of Makahiki’s login mode is based upon research

findings regarding behavioral change in energy consumption,

which indicate that feedback, commitments, goal setting,

knowledge, and incentives are all important mechanisms to

create sustained change. Makahiki provides feedback regard-

ing energy usage via near-real time data on the user’s floor’s

cumulative energy usage during the competition, instantaneous

power consumption, and comparisons to baseline measures

and other floors. Activities are individual, concrete actions

such as attending a meeting or movie showing about energy,

watching an energy-related video, or reading news articles, all

of which are designed to heighten the student’s knowledge and

awareness of energy. Commitments are more general changes

in behavior, such as turning off the lights when leaving any

room. Finally, goals are behaviors involving the floor as a

whole, such as attempting to reduce energy usage by 10% over

the next week. The weekly energy reduction goal is picked

collaboratively by the group participants through voting, and

progress towards the goal is visualized with a variety of charts.

To incentivize participation in activities, goals, and commit-

ments, Makahiki provides the capability for users to accumu-

late points for completing instances of these three types of

actions. Makahiki supports verification of activities and goals.

When defining an activity for inclusion in the system (such as

the watching of a short YouTube video on wind energy), the

site administrator also can enter several short questions whose

answers are found in the video (such as “What is the average

power output of the wind turbine in the video?”). When a user

requests to receive points for having performed that activity,

the system will prompt the user with a question selected at

random. The user’s request, with their answer, is reviewed by

administrators who can decide whether or not to confirm or



Fig. 2. An example dorm energy web application built with Makahiki.

Fig. 3. The personalized user home page with floor-level monitoring and behavioral change tools including commitments, activities, and
goals.



deny the request.

Commitments, while an important tool for behavioral

change, are problematic to verify. Makahiki addresses this

issue in several ways. First, commitments are worth less points

than verifiable activities or goals. Second, commitments are

active for a period of five days, and when the user requests

points at the end of that time, they must self-verify that

they satisfied the commitment. Finally, and most importantly,

commitments are public: the Makahiki website broadcasts

the commitments entered into by the users. Research shows

that making public commitments are a powerful incentive for

behavioral change.

To leverage students’ use of social networking sites,

Makahiki will integrate with Facebook. With the consent

of the participant, Makahiki will be able to post messages

to the participant’s “wall” when they make commitments,

or complete activities. Facebook integration is expected to

increase the visibility of the competition, and encourage the

participant’s peer group to engage in the competition.

Mobile phones capable of running applications and brows-

ing the web are an increasing part of college students’ informa-

tion ecosystem. To make it as easy as possible for residents

to participate, we are developing a version of the Makahiki

website optimized for mobile phones. The mobile-optimized

website will provide the essential functions: displaying energy

usage and contest standings, progress towards goals, and

completion of activities.

Another way to keep residents aware of the competition

is an electronic billboard displayed in the lobby of the

dorms. The billboard rotates through a variety of competition

information, such as upcoming events, recent commitments,

energy usage, and competition standings. The billboard is

being implemented as a single web page with embedded

JavaScript, which queries the WattDepot Cloud Cache for

energy data and Makahiki for competition data. The web page

can be displayed to residents using a large television connected

to a networked computer. The billboard is assembled using

the open data and components of WattDepot and Makahiki,

making future extension possible.

IV. EVALUATION

Our work addresses the following research questions:

1) To what extent and in what ways does our dorm energy

competition impact the “energy literacy” of participating

students?

2) How effective is our use of information technology to

support behavioral change tools?

3) To what extent does our approach yield sustained

changes in energy behavior, and what factors appear to

influence sustained change?

To find the answers to these questions, we have planned

a dorm energy competition for Spring 2011 semester at the

University of Hawai‘i at Mānoa. The rest of this section

describes the competition design, the data we plan to gather,

and how we intend to analyze the data.

A. Competition design

The competition is planned to take place in multiple fresh-

man dormitories on the Mānoa campus. Freshmen have been

targeted since they are deemed more likely to participate

in dormitory events, they are a “renewable resource”, and

past research has shown that freshmen perform well in these

competitions [3]. There are 10 floors per residence hall, with

26 residents per floor at full occupancy, resulting in 260

potential participants per building.

The competition will take place over three weeks in the

Spring 2011 semester. Each of the first two weeks will

constitute a separate round of the competition, while the results

from the final week apply only to the overall competition.

Structuring the competition into rounds ensures that residents

that did not participate initially can start participating in a later

round without undue disadvantage.

The energy usage of the participants will be measured using

power meters we will install in the central electrical panels

on the floors of the dorms. Due to the architectural design

and electrical infrastructure of the buildings, the meters will

measure the energy consumption of each pair of floors. The

meters to be installed will support sampling every 15 seconds,

enabling near-realtime energy feedback display. The meter

data will be stored using WattDepot.

There will be two scores for the competition: energy con-

sumption and Kukui Nut points. Energy consumption is the

total amount of electrical energy consumed by a pair of floors

in kWh during a round as measured by the power meters,

so lower energy consumption scores are better. Kukui Nut

points are awarded through the competition website (powered

by Makahiki) for the completion of tasks intended to increase

participants’ energy literacy or reduce energy usage. Kukui

Nut points are awarded to individuals through the website

(though they can also be aggregated at the floor or dorm level),

but the energy consumption is only recorded at the floor level.

We will provide awards based on energy consumption (at floor

and dormitory levels), and Kukui Nut points (at individual,

floor, and dormitory levels), many with associated prizes to

incentivize participation.

In addition to the information technology support of the

competition, we will deploy a variety of other methods to

engage residents in the competition, such as a kick-off meeting

for each dorm where free T-shirts will be distributed, buttons

to be distributed to all residents, signage on each floor about

the competition, and closing grand prize ceremony.

B. Data sources

We plan to collect a variety of types of data from the

competition. We will record both instantaneous power and

cumulative energy consumed on a floor by floor basis for

each residence hall, both before the competition starts and

continuing for at least 6 months after the competition ends.

The sampling rate will be a minimum of 1 minute outside the

competition period, and a maximum of 1 minute during the

competition period (with a target of 15 seconds), with both

rates kept constant during the study to the degree possible.



The energy literacy of participants will be assessed at the

start and end of the competition. The assessment will be

through a questionnaire that is presented to participants via

the contest website as an activity that can be performed for

Kukui Nut points. The pre-competition questionnaire will be

made available only in the first week of the competition, while

the post-competition questionnaire will be made available

only in the final week of the competition. Since the website-

administered questionnaire is simply a task that can selected

by participants, there is the potential that only those partic-

ipants that feel that they are energy literate will participate

in the survey, leading to bias. For this reason, in addition

to administration through the website, the questionnaire will

be administered in person on paper to two randomly-selected

floors.

The competition website will log data about participants’

actions on the site. All participant actions and events will be

logged with a timestamp. Some example events are: logging

into website, selecting a goal for floor participation, and

submitting text to verify completion of an activity. These

events can be used to create a profile of each participant.

After the competition has ended, participants that used the

website will be emailed a link to a qualitative questionnaire.

This questionnaire will ask for participants’ assessment of the

competition, the website, and energy literacy in general.

Later in the semester (April 2011), the power data for

floors will be re-examined to see whether conservation begun

as part of the competition has been sustained several weeks

after the competition ended. Floors with particularly high

sustained conservation (compared to pre-competition average

floor power), and those with low or non-conservation will be

selected for an additional questionnaire, and possible face-to-

face interviews to determine residents’ self-assessment about

why they were or were not sustaining the conservation gains

made during the competition.

C. Analysis

Using the energy literacy surveys from before and after

the competition, we can address the first research question:

the impact of the competition on the energy literacy of

the participants. Increased scores in post-competition energy

literacy would provide an indication that the activities of

the competition may increase energy literacy. We will also

examine the opposite relationship, to see how the energy

literacy of a pair of floors correlates to the energy consumption

of those floors during the competition.

There are several ways to address the second research

question: the effectiveness of our information technology to

support behavioral change tools. One basic metric will be to

examine the website logs to see how many residents actually

participate in the competition by logging into the website,

how often they log in, and how many tasks they complete.

The effectiveness of the tasks in improving energy literacy

will be assessed by examining the correlation between Kukui

Nut points awarded per participant, and their performance

on the energy literacy surveys. The relationship between a

floor’s energy usage and its aggregated Kukui Nut points

will provide another window into the effectiveness of the

information technology to support behavior change.

The third research question is to what extent does our

approach yield sustained changes in energy behavior, and

what factors appear to influence sustained change? Using the

energy data, we can determine the energy consumption of

each pair of floors before, during, and after the competition.

The energy consumption after the competition ends is most

important when looking for sustained change, and we will look

at the relationship between energy consumption and Kukui Nut

points, website use, and energy literacy.

V. FUTURE DIRECTIONS

As noted above, we are currently planning for the inaugural

Kukui Cup competition to take place in the Spring 2011

semester. In addition, we are planning several other extensions

to this research.

First, we are interested in adapting this technology and

research approach to the issue of residential energy consump-

tion. Residential energy consumption differs in many ways

from dorm energy consumption. Most significantly, residential

energy users are billed directly for the energy use, so there is

an important financial incentive for conservation. However, the

research indicates that tools such as goals and public com-

mitments remain important for sustained behavioral change

in the residential energy application domain. When dealing

with energy data for individual homes, ensuring the privacy

of that data becomes critical because activity and occupancy

can be inferred from energy usage data. To address privacy

concerns, detailed data must only be displayed to the residents

of a home and others explicitly designated (friends, perhaps

close neighbors). For all other viewers, the energy data must be

anonymized and aggregated. Most residential users would also

lack the close ties that a floor of college dormitory residents

may possess. One solution may be to create virtual teams

based on existing social networks, as specified on services

like Facebook.

Second, we would like to support the use of Makahiki as

a framework for other universities who desire to implement

a dorm energy competition. We believe that Makahiki can

significantly lower the “barrier to entry” for universities, and

allows them to get started with a simple site if required.

Third, we are excited by the possibility of integrating grid-

level information into WattDepot for use by Makahiki and

other high level applications. For example, we are working

with our local utility to provide WattDepot with information

on the current mix of generation sources (i.e. coal, oil, solar,

wind, etc.) and their aggregate output (i.e. grid load). Given

this information, it would be possible for WattDepot to provide

the carbon intensity associated with the energy consumed by

end-users at any point in time. This would make it possible for

the Kukui Cup to incentivize behaviors such as “doing laundry

when the carbon intensity of the grid is low.”
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