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ABSTRACT

For infrastructure energy efficiency to reach its full potential, new and improved
ways for occupants to engage with their energy use are needed. Despite the recent
advancements in eco-feedback systems, strategies to increase motivation and user
engagement in these systems remain primitive for a number of reasons. Improving
the efficiency of user driven energy conservation actions requires improvements in
the delivery of energy consumption feedback, and methods that trigger occupant
engagement with infrastructure data within eco-feedback systems. One approach to
achieve increased engagement is through integrating feedback solutions with social
networking platforms. This will enable feedback systems to address a larger
population and to utilize persuasive engagement approaches such as. customized
awareness, engagement motivations, and time/location sensitive alerts. In this paper,
we explore potential interactions between the occupants, infrastructure, and eco-
feedback systems to examine the relevance of exploiting social mediato increase user
engagement in energy conservation actions. We examine the applicability and
effectiveness of four eco-feedback systems from an occupant engagement perspective
and identify gaps in these interactive systems. Finally, we propose a dynamic and
interactive approach to feedback to enhance infrastructure energy efficiency.

INTRODUCTION

Renewable energy developments and energy efficiency efforts designed to address
today’s environmental challenge of reducing CO, emissions are effective once in
correspondence with each other. On one hand, renewable energy technologies are
increasing the amount of alternative clean energy resources available. On the other
hand, energy conservation actions are critical to slow down the energy demand
growth; otherwise, CO, emission goals will fall into an ascending trend (Prindle et al.
2007). The infrastructure occupants play a significant role in stabilizing energy
demand and, as a result, reducing the associated environmental impacts. Hence, a
number of eco-feedback systems have been developed to provide feedback to the
occupants on their energy consumption behavior. These systems intend to increase
the occupants awareness, thus trigger energy efficient activities through user
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engagement. The level of occupant engagement with such eco-feedback systems is
fundamental to meeting the goals of these systems to reduce energy consumption. Y et,
it can be the case that, despite the delivered eco-feedback, occupants still may refuse
to cut down certain electricity use during peak demand hours (Strengers 2011).

These behaviors reinforce the importance of occupant engagement, and the
necessity for providing continuous motivation in designing eco-feedback systems.
However, the existing eco-feedback systems present evidence of user disengagement
in their results (Strengers 2011; Pereira et al. 2013). For instance, despite the attention
to the user-interface design in increasing the occupants' engagement (Jain et al. 2012),
basic desktop energy monitoring systems are often ignored or discarded when the
novelty and attractiveness of the system dissipates (Pierce et al. 2010). Also, alack of
sufficient occupant interaction with these systems adds to disengagement results and
thus inefficiency of energy conservation actions. Studies have shown significant
decreases in user interactions with an eco-feedback system when examined over
longer time periods (Pereiraet al. 2013). Pereira et al. concluded that after nearly one
year of eco-feedback system deployment, no further significant increase or decrease
in electricity consumption was exhibited.

Nevertheless, integrating the existing web-based eco-feedback systems with
socia networking platforms, can potentially offer significant improvements in
occupant engagement, due to the possibilities that social affordances of these
platforms enable. Online social networks are in use across the globe on a regular
basis, and they have great potential in raising awareness and energy behavior change
(Foster and Linehan 2013). Social networking platforms in this paper refer to those
mobile social networking websites that enable time/location-based services to enrich
social networking; such as Facebook or Twitter.

Incorporating social networking platforms in existing eco-feedback systems
will enable rich communications, and perhaps the capability of influencing a larger
population. Their time/location-based sensitivity, can allow the spread of customized
awareness and persuasive messaging to the occupants at the right time and location. It
has been well-established that feedback provided closest in time relative to an action
has the highest effect (Ester 1984). Social networking platforms will permit providing
the users customized goal-setting arrangements based on their socia orientation.
Since every user is connected to hig’her own familiar social network, the positive
energy conservation influences of peer networks (Peschiera and Taylor 2012) can
also be increased. Likewise, there will be less difficulty in propagating energy
efficient normative behavior.

This paper assesses a number of existing well integrated eco-feedback
technologies from an occupant engagement perspective to understand the current
state of the art in employing social networking platforms to increase user engagement
in energy conservative actions.

BACKGROUND
Currently, computerized consumption eco-feedback systems are among the

most successful channels of infrastructure-occupant energy interactions and
awareness delivery systems (Fischer 2008). However, there appears to be a



COMPUTING IN CIVIL AND BUILDING ENGINEERING ©ASCE 2014 1838

digiunction between the disciplines that are pursuing this solution. This, results in
disintegration of these systems in terms of the actual goals intended to be met. Such
disintegration relies on ether not having appropriate infrastructure energy data
integrated into their systems (Grevet et al. 2010); or, having presented very small-
scale post user evaluation studies for their system performance and implications.
These efforts are often limited to interviews and pilot studies (Petersen et a. 2009;
Petkov et al. 2011). Such disintegration will lead to further engagement issues with
the users.

Eco-feedback systems emerged as an area of research in the area of Human
Computer Interaction (HCI). Yet, the literature in this area (e.g., Foster et al. 2010
and Froehlich et al. 2010) has focused on the interface design and individua
interactions with the software. These endeavors are essentially accomplished
independently from the long-term social impacts on energy consumption behavior.
The true influence of the system within the social network that they are influencing is
neglected. In order for eco-feedback systems with energy efficiency goals to operate
effectively, they need to appropriately integrate with ambient intelligent systems that
make the infrastructure data available. This integration requires an interdisciplinary
approach which combines knowledge from different domains. Stated in this way,
addressing the problem of user engagement in these systems, isin fact a combination
of several factors. In the first step, the system needs to have an integrated approach in
the design, its implementation, and the resulting data collection, anaysis and
feedback. Once that is achieved, we can then study those systems in terms of new
features and media, through which they can be more effective. In order to explore the
disengaging factors in the existing eco-feedback systems which can be addressed
through social networking platforms, we examined several of these systemsin detail.

The following section will compare four of the most well-integrated eco-
feedback systems in the literature, from an occupant engagement perspective. In this
selection, we have only considered those eco-feedback systems that are integrated
with energy sensor data, and whose social networks' influences were studied. We will
call these systems ‘integrated eco-feedback systems. We narrowed our selection
based on their application medium, and the type of energy which has been monitored.
Watt’s Watts (Gulbinas et al. 2013; Jain et al. 2012) is a web-based system, designed
to provide near real-time feedback to the users within a social network environment.
ECOIS (Ueno et a. 2006) is an on-line interactive energy consumption information
system for motivating energy-saving in residential buildings. Oberlin College
(Petersen et a. 2007) is a college dormitory wide energy feedback system which
provides different resolutions of socio-technical feedback, combined with incentives
to encourage students for improved energy behavior. Among these systems was also
EnergyWiz (Petkov et a. 2011), an eco-feedback system with a user-friendly
interface which was designed to address the initial steps of motivation-specific design
of energy-related application. Despite the shortcomings of this system in its user
evaluations, we concluded that due to its rich user interface design and user
interaction features it should be included in our study.
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Four web-based integrated eco-feedback systems for residential buildings that are
intended to trigger electricity consumption behavior changes of their occupants are
shown in Table 1. We evaluated the occupant engagements of these systems based on
the following engagement factors: 1- Adoption rate (study participants, study period),
2- User customized motivation, 3- User-interface design consideration, 4- Feedback
frequency, and 5- Availability of user interaction features. The number of users for
eco-feedback systems, and the duration of the study (Pereira et al. 2013), determines
the fast/slow adoption of positive energy consumption behavior. A study (Fischer
2008) exploring the effects of feedback on electricity consumption, and users
reactions and attitudes found that in cases with no energy savings, the billing

feedback was provided
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Disaggregation

too infrequently. This caused the users to feel disconnected from their positive
behavior. Research has shown that feedback must be given frequently to be effective
(Ester, 1984). The interface design plays a critical role in triggering positive energy
consumption behavior (Jacucci et al. 2009).

Observations Evaluating the eco-feedback systems of Table 1 from an
engagement perspective, we first note that most of the eco-feedback user evaluations
have been implemented within small scale communities and over short periods. The
adoption rate and success of these systems cannot be simply expanded to a larger
population. Studies involving a smal number of participants and over longer
durations (Pereira et a. 2013), has observed a significant decrease in user interactions.
This may suggest another reason for motivation dissipation. Individuals adopt
positive behavior when they are part of a larger community and are able to compete
against their own selected networks. Limiting the number of occupants—as was the
case in three of the four studies we examined—will likely impede the adoption of
positive energy consumption behaviors, especially in the longer term.

Another influencing factor in establishing user engagement is the frequency of
feedback, which has been improved over the years from daily email distributions in
ECOIS to near rea-time and live data in EnergyWiz and Watt's Watts. However,
nowadays the real engagement challenge is not to provide live data to the users but
rather to make the data meaningful. We can only increase the user’ s engagement with
continuous real-time data if it is provided at the right time and location (e.g., during
peak hours of consumption). Despite some efforts to introduce user interactions for
these systems, e.g. an energy audit tool in Watt’s Watts and performance comparison
tools in EnergyWiz, the number of interactive features is till limited and not
necessarily customized towards the user’s personal motivations.

User motivations such as ‘challenge’ and ‘ranking’ in EnergyWiz, mini
movies for energy explanation in the Oberlin College competition project, or prize
redemption through rewards points in Watt’s Watts are following a ‘ one size fits all’
design approach which may cause user engagement to dissipate over time. Studies
have concluded that receiving points for reduced energy consumption will appear
ineffective in the long term; and the users will accomplish their acceptable minimum
after a certain point (Petkov et a. 2011). The four existing eco-feedback technology
designs also are limited in that they provide the same feedback to all users regardless
of their motivational level and individua willingness to take energy conservative
actions. People are motivated differently (He et a. 2010), and thus customized
motivations are required to increase engagement.

Discussion These observations revealed a number of disengagement factorsin
four existing integrated eco-feedback systems. However, much of these issues can be
addressed by integrating existing eco-feedback systems with socia networking
platforms. With pervasively available sensor technologies, infrastructure energy data
such as disaggregated energy consumption of electricity, lighting, CO, emissions,
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temperature, etc. can be presented to the occupants through social networking
platforms.

With the availability of mobile social media (Facebook, Twitter) which have
time-location sensitivity affordances, real-time and customized awareness can be
delivered to users; changes can be tracked and used to trigger increased engagement.
Mobile social media can connect the occupants to the infrastructure energy data, and
alow further interactions by customized, compelling, and persuasive alerts. Therefore,
socia networking platform-based eco-feedback systems would enable tapping into an
expansive population of occupants when raising awareness, and encouraging positive
behavior.

The examined platforms could be improved if they enabled goal-setting that is
based on social orientation. It has been studied that pro-social individuals are more
easily persuaded in taking targeted actions when assigned a goal, whereas, pro-self
individuals who are more effective through self-set goals (McCaley and Midden
2002). If mobile social platforms were to be integrated with eco-feedback systems,
then the positive effects of peer networks for encouraging energy conservation
behavior could be expanded. Peer networks would no longer be limited to peers from
the same building. Competitive peer network effects can be developed with the
individuals own family and friends' circles, perhaps even from different locations
with different types of energy feedback. Utilizing social networking platforms can
increase user engagement and interaction through socia affordances such as ’like’
and 'share’ within the users' customized networks.

Socia networking platform-based eco-feedback systems have great potential
in improving successful self-reporting of energy saving systems like StepGreen
(Grevet et al. 2010) in support of a city-wide social visualization system. This system
can be integrated with real infrastructure data to reduce the effort involved with self-
logging actions, and thus increase user engagement. Persuasive mobile applications
are aready being used in the area of human sustainable mobility, through persuasive
mobile applications which track the CO, emissions of the users' journey, and provide
them with persuasive and personalized challenges that lead to energy conservative
actions (Froehlich et a. 2009; Jylha” et a. 2013). Such intelligent transportation
systems can be expanded to ambient intelligent infrastructure, in order to ensure
energy behavior change at alarger scale. In summary, the persuasive power of socia
media should be directed towards increasing user engagement in order to increase the
effectiveness of energy efficiency interventions involving eco-feedback.

CONCLUSION

This paper contributed an evaluation of selected integrated eco-feedback systems
from a user engagement perspective. We found that three of the four eco-feedback
systems examined a small number of users, and all studies took place over a short
time period, or were limited to interviews Although adoption was found to be strong
in these cases, given the results of Pereira et al. (2013) over along time period, it is
likely that adoption of positive energy consumption behavior would be less optimistic
than suggested by smaller scale, shorter duration studies. Tapping into larger social
networking platforms may result in increasing user participation and decreased user
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disengagement. Utilizing social networking platforms may increase users
engagement and interaction through social affordances such as ’like’, "share’, or
‘retweet’ within the user’s customized networks. The examined eco-feedback system
designs assumed a ‘one size fits all’ perspective toward user interface design. And,
yet, the same interface may not appeal to al users equally and may result in
motivational loss and disengagement. Employing social networking platforms may
improve the delivery of personalized and |ocation/time-sensitive feedback to the users
for increased engagement. These platforms have already attracted attention. For
example, Wattsup is providing socially enabled feedback through Facebook, which
allows social comparisons of domestic energy using standalone energy monitoring
devices (Foster et a. 2010). Also, EnergyWiz allows challenging a Facebook friend
on a weeklong energy saving competition. These examples are illustrative of the
potential direction for eco-feedback system design.

We suggest future eco-feedback system researchers employ tailored feedback
using mobile social media platforms to impact users energy efficiency behavior.
Considerable efforts are being made in the area of HCI in developing applications to
promote energy efficiency for infrastructure. However, there are limitations in
understanding the essence of the problem due to the fact that studies in this area tend
to focus within a single discipline. Improving infrastructure energy efficiency is
necessarily an interdisciplinary effort which requires collaboration from computer
science, civil engineering, sociology, psychology and other disciplines to ensure
achieving the overarching goal of reducing energy consumption and the associated
greenhouse gas emissions generated in its production.
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