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ABSTRACT

At an early stage of designing persuasive techmedottpere is the
challenge of selecting a target behavior and exagimariables
that prevent it. Within our research we are formasugtainability
related persuasive technologies in the contextoofigstic energy
consumption. In this paper we present differenesypf barriers
preventing people from the desired energy efficieghavior. In

an explorative field study 48 participants receivibé task to
selfmonitor their energy consumption behavior oee week. A
qualitative analysis of daily statements revealigthteunderlying

categories of behavioral barriers. The most commbserved
barriers relate to Lack of Attention followed by @fort. On the
basis of these results, we formulated four guidslinfor

sustainability related persuasive technologies.

Categories and Subject Descriptors

H5.m. Information interfaces and presentation (€@l):
Miscellaneous.

General Terms
Measurement, Design, Experimentation, Human Factors

Keywords

Sustainability, behavioral barriers, domestic epe@nsumption

1. INTRODUCTION

Domestic energy consumption is responsible for 8866 of the
overall energy demands of our society [10]. Suppgrtpro-

environmental behavior in this context thereforeoige of the
main goals these days. Widespread political andketiaig efforts

are made to promote behavior change towards matisable
lifestyles. Besides information campaigns, recerdlgo new
technological approaches have been introduced dongte and
support a more sustainable lifestyle. A typicalrapée for such a
system is Show-me [22], which provides real-timedfeack about
water consumption in the shower. Similar systenes amilable
with regard to feedback on electric energy consiompe.g. [18].

Research showed that these systems have potemtislipgport
users in behaving pro-environmentally [15].

In order to strengthen the impact of those tectgieky design
should be (and has been) based on findings frorferdift
research areas, especially behavior research, oamvéntal
psychology and persuasion. Helpful guidelines - edm
persuasive strategies — have been formulated fwosuthe design
process [7], [11], [29], [34]. Examples are redaoeti of
complexity or providing the opportunity for sociebmparison.
Oinas-Kukkonen & Harjumaa [29] provide a comprelans
overview on persuasive strategies applied by differesearchers.

However, designing persuasive technology is natmple task at
all. The process of behavior change is very compéexd

influenced by several manifest and latent variatgs For an
early stage of designing persuasive technology, gFfil]

formulates an eight-step process, which aims tdeydiesigners.
One important step in the suggested process isdémtify

variables preventing the targeted behavior with dbal to find

ways to overcome or minimize these restrictingdect

We are currently working on designing persuasivahnelogies
for reducing domestic energy consumption. To be abltailor
the persuasive strategies to the needs of thecapipl context we
aim to understand consumer practices and habissdiem energy
consumption in the context home in more detail. Thesent
study especially aims at identifying barriers preieg
individuals to engage in an energy-efficient bebawVe want to
understand the involved factors and dynamics dginthese
barriers in detail, and develop design ideas amategfies for
persuasive technologies helping individuals in owering the
barriers.

To answer these questions by analyzing the domestitext, we
applied an exploratory field study. We asked 48&igaants to
observe their energy consumption over one week idedtify
situations in which they do not behave in an en&figient
manner. We differentiated between four energy-apaascipants
were asked to focus on namely electricity, ententaint
electronics, heating and water consumption. Eversty d
participants were requested to fill in an onlineesfionnaire
regarding the reasons and circumstances for thefrawor.
Analyzing these statements we are able to idertyifyes of
barriers as well as their frequency.

Within the next section we introduce research istanability
related persuasive system design. We describe irExist
approaches, the process of creating persuasivensysis well as
guidelines for it. Furthermore we present reseanmttbehavioral
barriers including theoretical models as well apieical findings.
Section three presents the applied method by désgrthe used
methodology, the tested sample, the procedure lamdnaterials
used in the study. The resulting types of barréges presented in
section four, and section five presents the deriyadelines for



creating persuasive technology for sustainabilfnally, we
discuss our findings in relation to the state oé thrt and
limitations of our study.

2. RELATED WORK

Within the following section we discuss differepipaoaches used
in persuasive technologies in the context of eneeipted

behavior. We then discuss design strategies foratiog

persuasive systems and analyze the specific roleadables

preventing the target behavior. We next presentaisadiescribing
types of behavioral barriers, as well as existimpigical findings

in the targeted context of domestic energy consiompt

2.1 Persuasive Technologies for Sustainability
Persuasive technologies aim to influence userstud#s and
behavior in a desired direction. They have alredunsyen
successfully applied in various contexts such adtihg16] or
safety [30]. In the last few years persuasive teldgies
promoting sustainable behavior received increasattention.
2.1.1 Classification of available systems

Numerous systems following different approachesehéeen
developed. Table 1 offers an overview of such teldgies. The
systems use different approaches for the reduabiorenergy

consumption. One approach mainly relies on infognirsers
about their energy consumption (e.g. Google Powestel
Microsoft Hohm). Such systems provide the possibilio
compare actual energy consumption with the previcdlise
second approach is the usage of stimulative vizatidins which
catches the users’ attention within specific sitrat (e.g. Power
Aware Cord). The third approach, especially addngsshe
younger population, employs computer-based gamesg. (e
PowerHouse, Power Agent) to teach and encouragegyene
efficient behavior. Finally, in the fourth approacemotional
attachment to certain avatars is created. Wellghedh these
avatars is linked with the target behavior, hemeating pressure
towards the desired user behavior (e.g. Ecoisl&tmtal Polar
Bear).

Hence all mentioned approached have the opporttmityfluence
behavior. According to Fogg, the first step of dasig

persuasive technologies should consist of defiringpecific
target behavior [13]. However, most of the obsersygstems lack
adequate definitions of their targeted behavioeiiTaim can only
be described as reduction of energy-consumptiaeireral. Only
Show-me as well as the Waterbot system specifyifepéarget

behaviors, in both cases is the water consumptioneg shower.

Persuasive System | Description of the System

Reference

Google Power Mete

Microsoft Hohm

Green Pocket

PowerMeter by Google, Hohm by Microsoft and Greeocket are al

www.google.com/powermeter

software solutions for visualizing domestic energgnsumption. Thos
systems present the actual and previous energyegni®n by illustrations|

www.microsoft-hohm.com

However there is the need for cognitive effort,itss not accessible for
user groups.

www.greenpocket.de

Ubigreen Feedback about transportation behavior is proviskedUbigreen and PEIR Froehlich et al., 2009
These systems aim at supporting green transporthtibits by visualizing th
PEIR ecological impact. Mun et al., 2009
Energy Orb www.ambientdevices.com/cat/q

Power Aware Cord

b

Energy orb, Power Aware Cord, Show-me and Wattserfaur examples fo

Gustafsson & Gyllensward, 20(

: ambient devices providing energy-relevant inforomti in real-time .
Show-me Visualizations are used to attract users’ attentidfattson and Waterb Kappel & Grechenig, 2009
additionally provide the opportunity to compare somption with others. ]
Wattson www.diykyoto.com/uk
Waterbot Arroyo et al., 2005
PowerHouse Bang et al., 2006

Power Agent

PowerHouse and PowerAgent are two games aimingo#ivating domestig

energy reduction. The game character should appeéeénagers and motiv
their energy saving behavior.

Gustafsson & Bang, 2008

Virtual Polar Bear

Ecolsland

Ecolsland and Virtual Polar Bear provide feedbadlowt the overal
ecological impact using a virtual avatar (the fanal a bear). Depending ¢

Dillahunt et al., 2008

the environmental behavior the ice floe's size desn and the water arou
the isle begins to rise.

Takayama & Lehdonvirta, 2009

Table 1: Overview of sustainable-related persuasiviechnologies



2.1.1 Creating Persuasive Technologies for

sustainability

In order to ensure the effectiveness of newly ecatersuasive
technologies, a proper design process should bkedppn the

following we discuss the eight-step design progasposed by
Fogg [13]. We focus on the first four steps of thiamework, as
they are in the scope of the study. Additionallye wescribe
existing guidelines for creation of persuasive tetbgies and
discuss their application on the already mentioredsting

systems.

Designing persuasive technologies by eight steps

Fogg suggested eight-step process [13] can be asageneral
path of the early stages of designing persuasigientgogies. It

consists of three main parts: Part one includes etee to four
describing preparation activities and definitioéthin part two,

including steps five to seven, the major developmend

inclusion of leanings of other successful systeamhed place. Part
three, involving step eight, consists of iteratitg design and
enhancing the success. Within the present papéoeus on part
one (steps one to four) of this process (see Figure

2. Choose a
receptive
audience

1. Choose a
simple behavior |-
to target

3. Find what is

preventing the
target behavior

4, Choose an appropriate
technology channel

5. Find relevant
examples of
persuasive
technology

6. Imitate
successful
examples

7. Test & iterate
quickly

8. Expand on
success

Figure 1: First four steps of the eight-step desigprocess for
creating persuasive technology by Fogg [13]

As indicated by the arrows in the figure, all faieps influence
each other. Therefore, the sequence is not styctigefined. The
first step suggests choosing a simple target behato be
changed. For the purpose of the success of thersysts

important to choose the smallest and simplest beh@ossible,
and avoid being too ambitious. Within step twositthe task to
select the right audience for the intervention. &hdience should
be familiar with technology and should ideally enjoising
technology and trying new things. Before choosin@ppropriate
technology channel, step three is the most relestegt for the

present study. This step deals with variables pravg the
audience from performing the target behavior. Deieing such
barriers for sustainable energy consumption cariettthe core
aspect we are address in this research.

Based on his behavioral model [12], Fogg stated thase
variables consist of either a lack of motivatiodaek of ability, a
lack of a well-timed trigger to perform the behavior a
combination of all three. In our study we aim teddiver the types
of barriers preventing individuals from eco-friepdbehavior.
Based on our results we formulate guidelines fatanability
related persuasive technologies. The stated goaklin the
conclusion section of this paper shall supplemdrgady the
existing guidelines, supporting persuasive systesigm, which
are described in the next section.

Guiding persuasive system design via persuasive ategies

Strategies to direct persuasive system design beee identified
early and formulated by Fogg. [11]. Derived frons finctional
triad, which consists of the tool, medium and dSoaietor, he
suggests seven persuasive strategies: Reductioforifi@,
Tunneling, Suggestion, Self-monitoring, Surveillancand
Conditioning. Similar strategies - however not \withthe
technology context - are formulated by [7]: Likingeciprocity,
Social Proof, Consistency, Authority, and ScarcitA
comprehensive overview of such strategies and rewndations
on how to integrate them in system design is pexbidy [29] and
[34]. Persuasive strategies are more or less usdhei systems
listed in Table 1. All systems provide the poséipilto
selfmonitor the individual energy consumption eithrereal-time
or summarized for a defined time-window. This papuisage of
feedback leads to the term eco-feedback technolfid).
However, feedback positively influences knowledgd attitude,
but does not automatically result in behavior cleanghis
resulting gap between pro-environmental attitudesl ro-
environmental behavior is called attitude-actiop {24]. Another
popular strategy is social comparison via netwarksocial media
(e.g. Wattson). Individuals have the possibility sbhare and
compare their consumption. The idea is to creat@bnorms and
consequently generate social pressure for thettée®avior. A
third strategy that is successfully used by ambimtices that
give real-time feedback is reduction (e.g. Energyp,CPower
Aware Cord or Shower-me). There are also stratethias are
neglected, such as tailoring, tunneling and suggesEfforts for
user groups such as older people or children afelyngnored.
Furthermore, especially the strategies tunneling anggestion
can help to overcome the attitude action gap.

In addition to these general strategies, guidelihase been
formulated for the sustainability context by Kimadt, 2010 [23].
The authors strengthen the idea of providing thssibdity for
self-monitoring, as this maintains the targetingtest Secondly,
they also suggest including the functionality targhand compare
own values through networks or social media. Finaliey agree
with the strategy of suggestion by assuming petsmth
feedback for initiation of action.

2.2 Barriers Preventing the Target Behavior

In order to discover types of barriers preventifg ttarget
behavior, we suggest to first of all understand avedr and
especially the change process in more detail. @bwxisting
theoretical models describing this process have degeloped so
far. Besides those theoretical approaches, we stidgeking at
existing empirical findings that describe typesbafriers for the
environmental context.



2.2.1 Theoretical Models describing influencing
variables

There are several theoretical models which desthidgrocess of
behavioral change. The aim of these is to predmt explain
human behavior in a specific context by describimiuencing
variables. Defined variables can either support ehabioral
change or prevent it. Some examples are the thefoplanned
behavior [1], theory of reasoned action [2], nomtivetion model
[31] or several models for pro-environmental bebay#], [21].
Collections of these models are provided by [18]]] [24]. We
will now introduce two selected models that are tmekevant for
our use case and describe them in detail. The ythafoplanned
behavior [1] is probably the most citied model disog
behavioral change. Secondly the model of Kollmu&\g@yeman
[24] describes behavioral change for environmeigales. In
addition to describing variables influencing prodeonmental
behavior, the authors formulated possible barfiar& behavioral
change.

Theory of planned behavior

The theory of planned behavior by Ajzen [1] is ateasion of the
theory of reasoned action formulated Ajzen & FishH@]. The

theory describes four main factors that influencghavior:

intention, perceived behavioral control, attitudeward the
behavior and social norms. It formulates the iritento perform a
given behavior as a main predictor of behavior.ertibns
describe the motivational factor, how hard peopke willing to

try to perform the behavior. The stronger the ititenthe higher
is the probability to perform a given behavior. Sentral factor
has been widely adopted for several other modets [4], [24])

and is also important to hold in mind while cregtipersuasive
technologies. Ajzen describes three conceptuallyependent
determinants of intention: Perceived behavioraltrabnattitude
toward the behavior and subjective norm (see Figyure

Attitude
toward the

behavioral
control

Figure 1: Theory of planned behavior (Ajzen, 1990)

Behavioral intention can always find expressiotémnavior if the
person has the actual control over the behavioigiwimeans that
he/she has the required opportunities and resour@ksing so. In
other words, performing the behavior is mostly defeat on the
motivation (intention) and the ability (behaviontrol). This is
also congruent with Foggs’ Behavioral Model [12]high
describes the possibility of a behavior by the alags ability,
motivation and trigger.

The authors argue that more important than theahtiehavioral
control is the perception of behavioral controlisThariable is an
important part of the theory and the direct coninecto behavior
is the main extension of the theory of reasonebacPerceived
behavioral control is defined as people’s perceptibthe ease or
difficulty of performing the behavior of interestBesides
perceived behavioral control, there is the variatitgéude toward
the behavior. This variable represents the degeeevhich a

person has a positive or negative attitude tow#ndsbehavior.
Attitude is not directly linked to behavior but fgrpredicts the
intention. Finally, the third variable, which inflaces intention, is
a social one, defined social norms. It is describedugh the
perceived social pressure to perform a target behahe

present model focuses on behavior in general. Tther awo

models we mention focus on pro-environmental bejravi

Meta model of behavior

behavioral barriers

pro-environmental including

Taking several theoretical models as foundation|lrkizss &

Agyeman [24] have theoretically extracted factdvat tinfluence
positive or negative pro-environmental behaviore{developed
a model of pro-environmental behavior by also tgkiehavioral
barriers into account. They identify eleven behealidarriers,

which are named: Existing values prevent learniEgisting

knowledge contradict environmental values, Lackmbwledge,

Emotional blocking of environmental values/attitedéxisting

values prevent emotional involvement, Emotionalckiog of

new knowledge, Lack of external possibilities amdentives,

Lack of internal incentives, Lack of environmentahsciousness,
old behavior patterns and negative or insufficieeidback about
behavior. This model described pro-environmentdiabior in

general and does not make any statements aboutbahagr is

more important than others.

Within this paper we focus on energy-efficient bebain the
domestic context. The following section describesre¢
approaches to cover behavioral barriers within ¢bistext.

2.2.1.1 Empirical Evidence for Behavioral Barriers
As compared to theoretical approaches, only fewreffto create
empirical evidence for existing barriers to enesgying behavior
can be found.

Recently Hargreave et al. (2010) equipped 275 lmmlids in
United Kingdom with smart energy monitors which agidirect
feedback about energy consumption. They monitdredt energy
consuming behavior over one year. Besides gathepaagtitative
data about energy consumption they interviewed diséholds,
asking them questions about motivations, usage,aviefal
change and barriers of behavioral change. Theyligigkd four
categories describing types of barriers for a biglnavchange.

Firstly, they report that some appliances, althoubby are
greedy, are necessary to the user and cannot loardiesl.

Examples differ between households and are memtidnam

fishtanks to kettles and fridges. Furthermore pgudints state that
they have to use energy for several individual aeadike e.g.
heating the household on a high level because odioale
conditions. Within this type of barrier participaritave the feeling
that they do not have the control over all applenc

The second aspect deals with situations in whiatigi@ants see
use of energy justifiable and reasonable. It isartamt for them
that it is comfortable and warm in the house. Thip mention
that ‘life is for living'. Furthermore they statdtiat they are not
willing to change nature rhythms like energy conptiam in the
morning. Some participants also stated that theyldvoeed high
incentives to change their time of certain prastice

Third the authors reported social aspects as ahpedsarrier for
changing behavior. Participants stated that they talked about
possibilities for energy savings with the househaiémbers,
which leads to conflicts. They discussed the qaestbout who is
more responsible for savings and cut its consumptio



Finally, participants feel unsupported in behawemgrgy-efficient
by the social and polity context. Information abowhat
appliances are energy-efficient is hardly to un@emd for
laypersons.

Another approach to assess types of barriers waducted by
[33]. They tried to identify barriers to energy-say solutions
within the domestic context, by applying focus greu The
authors additionally aim to specify the strengtld aelevance of
those barriers. Within two focus groups they disedsbarriers
with one group who was looking for new dwellingslangroup of
environmentally conscious participants. Barriersat thwere
relevant are called cultural-normative, economiad ixformation.

Finally, we highlight a research study, which usasrgy-diaries
to assess barriers. Cames & Brohmann conductedittidg with
the aim to identify possibilities for energy sawnf$]. They use
energy-diaries in which participants had to noté edergy
relevant behavior during the day. There were 20sbbalds with
about 50 persons participating in the study. Theyetbeen asked
to describe all their energy consuming behavior ¢w® weeks.
Turning the light off and on, opening the fridgetaking a shower
are all events they have to note. Through thisydiaethod it was
possible to investigate the energy-efficiency ogithbehavior.
Results show that participants already performreergy-efficient
behavior by e.g. opening the window only for a shone or
reducing temperature when leaving a room. There tae
limitations of this methodology. Firstly, as paipiants decide on
their own to participate, there may be a self-gs&lacregarding
individuals with an already positive attitude toveanmental
issues. Secondly, we suggest that social desirapiiays a main
role, which negatively influence the validity ofthtudy.

Our present study takes into account several aspeftthe
mentioned studies. Like in the studies before we @ examine
types of behavioral barriers by applying qualitatianalyses
methods. In contrast to interviews and focus groupsapplied a
methodology similar to the energy-diary publisheg [B]. In

contrast to their energy diary, we asked partidipamot to notice
all energy behavior, but to identify situationswhich they waste
energy. Every day over a whole week, we remindedntio fill

out an online questionnaire. Like [33] we are awdhat

environmental attitudes can influence results oé tbtudy.
Consequently we also describe environmental aggudf the
presented study and their perceived energy congub@havior.
In contrast to [19], we assessed limitations befayeducting a
comparative study, as we aim to integrate resuttctlly within

system design.

2.3 ldentification of Barriers Preventing
Energy Efficient Behavior

Resuming the current state of research, the studyhaad
addresses the following research question: Whattygves of
barriers that prevent people from acting energigiefit in the
domestic context and how likely are these typeprivent the
target behavior in daily life. The necessity tontiy such barriers
is justified in the discussed design process forsysesive
technologies. Beside a broad range of theoreticatiets for
behavioral barriers we address the lack empiricademce for
such barriers in the context of energy consumption.

Based on our empirical findings we complement thesented
guidelines for persuasive systems design with diniee for
creating persuasive systems targeting energy effidciehavior.

3. METHOD

To answer these research questions we conductedpdorative

field study. Participants were asked to observi treergy related
behavior over one week and fill out an online syregery day.

Their task was to identify situations in which thdid not act

energy-efficiently and additionally think about seas for that.
Within the following sections we explain the studgsign, the
tested sample and its characteristics, the proeedfuthe study as
well as used materials in detail.

3.1 Study Design

The present study took place in Vienna during thentim of

November 2010. All participants have been askesketbobserve
their energy-related behavior over each day aneggectively
think about situations in which they did not acemgy-efficient.

As energy consumption is a widely used term andabelervation
requires cognitive effort, we decided to reduces thy defining

four special areas of energy use, participants lehoainly put

their attention on. We decided to differentiatewesn the four
following groups (see also Table 2): A first growps requested
to focus on electricity consumed by entertainméedteonics such
as the TV, laptops or PCs, smartphones or audidpemunt. A

second group had the task to focus on electri@étsited to the
daily needs, used by the refrigerator or other iappés in the
kitchen, the hairdryer as well as lights. A thincbgp focused on
heating and the fourth group focused on water aopsion.

Although each group had its specified focus, pgicts were
instructed to describe all situations that cametheir mind,
including situations outside their predefined facus

3.2 Participants

The present study was conducted as a field stuatytdkes place
at the participant’s homes. The precondition ta jiie study was
daily access to internet as participants had toofit an online
questionnaire every day. We recruited 48 partidipawhere we
tried to balance them between areas accordingréz thariables:
housing situation, gender (male, female) and ager(ger than 28
and older than 28). We differentiated between thneeising
situations: single person, living with a child astthred apartment.
We used this distinction as we thought that differbarriers
might be relevant for different housing situationkhe final
sample consisted of 38 persons i.e. those panitspaho filled
out the questionnaire all seven days. Table 2 suinesathe
distribution of the participants over the variablscus and
housing situation (data for one participant misking

Table 2. Distribution of participants over variables

Housing Situation

Single | Living with Shared
person a child apartment
Electricity 3 5 3 11
. Entertainment 3 1 5 9
@ electronics
<
Water 4 3 3 10
Heating 3 4 0 7
13 13 11 37




Out of those participants, 20 were male and 18 ferale. Their
age ranged from 19 to 70 (Mean: 37.45, SD: 12.Bajticipants
had different types of employment situations fronemnployment
to students and part-time to full-time employeesthi first part
of the study, we also asked participants to selésstheir level of
energy saving behavior on a seven-point Likert esqdk=high
energy saving behavior to 7=low energy saving bielnpweople
assessed themselves as average with 3.42 (SD:Mi4:31, Max:
7). Thus, the tested sample was also balancedntifs variable.

3.3 Procedure of the study

The present study consisted of three parts. The fart was
conducted as group testing, whereas there wasroog@ ¢or each
energy-area. Within this part we first of all indueced the topic of
sustainability related persuasive technology to rdase
commitment during the study. Afterwards we introglithe study
and the tasks for the next seven days. As the stitdgtion was
conducted at home without a present researcher,cahanswer
questions, we went through the online questionn&ireavoid

misunderstandings. Finally, we asked participardssign a
declaration of consent, and additionally to fill todawo

questionnaires consisting of a sociodemographiaaktipnnaire,
and the environmental attitude inventory (EAI) [26[hose
questionnaires are described in detail in the nsattion.

Altogether we conducted one group session for eaehngy-area.
These sessions lasted about 30 minutes to onedepending on
how fast participants completed the questionnaibaging the

second part participants had to self-observe thaiergy
consuming behavior at home and to fill out the mmli
questionnaire every day. They received an emaiingen every
day at five o’clock. Finally, in the last part péemad to fill out

the EAI again. As a token of appreciation, all ggsants that
finished the study received 40 Euro.

3.4 Materials

Materials that were used during the study consistédan
instruction, a declaration of consent, as well adwed
questionnaires collecting demographic data, enunemtal
attitudes and descriptions about daily situations. guarantee
anonymity, each participant had a code assignedhntiad to be
typed in before filling out each questionnaire. W@l now
describe the three questionnaires in more detail.

Questionnaire gathering demographical dataParticipants had
to answer questions about their age, gender, hgsgimation and,
occupation as well as their perceived energy savaigvior.

Environmental Attitude Inventory (EAl). [26]. We used the
EAI to collect data about environmental attitud®slf-reporting
techniques, such as scales and inventories, arentiyrthe most
widely used methods for measuring environmentdtudgs. The
EAI assesses perceptions regarding the naturatcemaent by
twelve specific facets. The long version of the EAhsists of 120
items, 10 items for each scale. Besides this largion there is a
short one with 24 items and a middle one with &ni. For our
study we used the 72 items version, to minimizeoreff
Reliabilities for each scale are between .53 foe tbcale
anthropocentric concern and .92 for environmentailviam. At
present there are no norms available so we canootpare
individual values with norms.

Questionnaire for describing target situations. Within the
present study participants had to self-observe geergy-related
behavior and to fill out a questionnaire each 4dagcribing
defined situations. This questionnaire was devel@gsean online

survey via Lime Survéy First, participants had to type in their
individual code so that we could match the datalevigtaining
anonymity. Afterwards they have to describe theuasion
occurred during their day at home, in which they rlai act
energy-efficient. For the respective situation thay to formulate
reasons for their behavior within the next item.diidnally we
asked them about ideas of technologies that caposuphem
within the respective situation. Participants hiae possibility to
fill out the questionnaire for as many situatiossteey wanted by
opening the link again.

3.5 Data Analysis

We applied a summarizing qualitative content ansl25] based
on situational descriptions and related reasonsmélated

reasons alone are not completely understandabl®utitreading
the description about the assigned situation. Goegulure started
with paraphrasing the statements, which meanswieatestated
the text by using other words to make it undersabiel for

everyone. In a next step we summarized the reasors more
abstract level until a small set of categories tthescribes the
essence of original statements has been extrathesle was the
need of three rounds of categorization to achiewveumber of
eight categories.

4. RESULTS OF THE STUDY

Within this section we present the results of dudg. We first of
all describe environmental attitudes of the testathple. Then,
we describe the result of the summarizing qualigatcontent
analysis resulting in eight types of barriers. Wesdaibe their
overall incidence and also incidences separatéh®household
situation and the energy areas. Finally, we presdeas of
technologies participants like to have to reduceergn
consumption.

4.1 Environmental Attitudes

Assessing the environmental attitudes of partidpas twofold

relevant for the study. First because there isafmumption that
environmentally aware people would rather parti@@and second
because different patterns of environmental awasnean
influence the results of the study. Consequently asked
participants to fill out a questionnaire capturiagvironmental
attitudes (EAI-Environmental Attitude Inventory)6]2 Figure 3

describes the average values (including standandténs) in the
scales of the environmental attitude inventory lbfparticipants.

On the axis of abscissas the twelve subscales ef BAI,

representing environmental attitudes are listed.

’ II

;III S A

EAI1 EAL2 EAL3 EAL4 EALS FEAL6 EAL7 EAL8 FEAL9 FEAI_10 FAI_11 FAI_12

Figure 2: Average values of environmental attitudes

As can be seen from the figure the highest valueseported in
the scale EAI_4 Gonservation motivated by anthropocentric

! http:/Avww.limesurvey.org



concern) High values of this scale describe a support for

conservation policies motivated by anthropocertdocern. Low
values describe a support for such policies maitvdty concern
for nature. The scale on which participants haveaeerage the
lowest values is EAI_3Environmental movement activisriligh
values of this scale describe a person’s readitteggt involved
in action for environmental protection. Low valudsscribe a
disinterest in such support. Currently there araomons available,
so we cannot compare the values with the population

We asked participants fill out the EAI two timestlze beginning
and the end of the study. As we hypothesized #l&bbservation
itself might cause a change of environmental atésy we
compared the values of environmental attitudesreefmd after
the self-observation session. However, this comparidoes not
result in statistical significance.

4.2 Types of Barriers Preventing Target

Behavior

Within the present study we were able to collecB 3&lid
statements about situations in which individuals @revented to
act energy efficient. Having a first look at thetalave realized
that there are statements which describe energyuogption that
is necessary to use for the participants. This thhascase for 29
statements. Let us clarify this by three examples:

| used an electrical toothbrush because it is lydtie
my teeth?

| turned on the PC, because | have to upload photos
on a server for four hours. As this is part of my
business | have to do this.

Today | took a shower two times. In my mind it is
necessary to take a shower every day. It is alsmigo
to take a shower a second time before going out.

In all three situations participants had the pabsibto save
additional energy, although it causes limitatiofish®ir health,
work and hygiene. The aim of our study was to cblituations
in which people do not act energy-efficiently, altigh they
subjectively had the possibility to do so. We sisggleat for these
situations there is the highest potential for passte
technologies. Consequently we decided to exclude #9
statements describing statements that have beesones as
necessary to use by participants.

Remaining data consists of 359 statements. Motratats have
been formulated for the focus electronics (132) amrtainment
electronics (99). For the focus of water consunmpti@ collected
68 statements and for the focus of heating we ciaite60 ones.
We summarized these statements by a summativentartalysis
and extracted eight categories which describe tagersents
representative. Those categories are interpretedypss of
barriers for energy-efficient behavior. They arened: Lack of
Attention, Comfort, Quality of Appliances, Habittack of

Knowledge, Social Aspects, Resources and Remaiaspgcts.
Figure 4 visualizes absolute frequencies of théeuiht types of
barriers.

2 Statements are originally in German. The authoke heanslated them
for this paper. Several formulations can differ nfrathe original
statement, but the content remains the same.

Lack of Attention I | 32

Comfort IEG——L—— | (5
Quality of Appliances IEG_—— 39
Habits IEE—— 3(
Lack of Knowledge N 20
Social Aspects I 17
Ressources N 11
Remaining M 5

0 20 40 60 80 100 120 140
Number of Statements

Figure 3: Number of Statements per Category

Most statements can be describes through the Vardazk of
Attention(132 out of 359 statements). The second most common
factor that prevents energy-efficient behavior &led Comfort
(105 statements). In the following we will descriak types of
barriers by examples of the original statements.

Lack of Attention. The main part of the statements (132) is
assigned to the variableack of Attention In these situations
attention is not or no longer focused on energysaoiption. This
includes situations in which people forget someaghio not think
about energy, or move their attention for severahsons.
Forgetting something was a repeatedly mentionethpla

| forgot to turn off the light on the toilet.

Normally | turn off all appliances before going out
but today | forgot to do this.

Another example describes situations in which peapé careless
or do not think about the energy aspect.

While | was cooking | did not turn off the stovethat
proper time to use the remaining heating. The reaso
was that | did not think about that in this situati

In the morning | warmed up some water in the eiectr
water jug for my cup of tea. | filled the water juith
about one liter of water, although | needed just a
fractional part of it. In this situation | did nakalize
that this is waste of energy.

Finally participants describe situations in whidieyt are first
focusing on energy consumption, but suddenly thises outside
of their span of attention.

While 1 was looking for something in the fridge the
telephone rang. | went to the phone and didn't €los
the door of the fridge for the duration of the phon
call.

| was watching TV in the evening, and suddenly fell
asleep. The TV was turned on the whole night.

Comfort. The second most common type of a barrier describes
Comfort The reason why people do not act energy-efficient
because of comfort aspects. In several situatiantcppants state
that they are lazy and therefore do not want testheffort:

While taking a bath | did not turn off the TV, besa |
was too lazy to do so.

| haven’t turned off my laptop because | was tayla
to do this.



In other situations people use energy for comfessons. In these
situations people are aware that they waste endigy,feel
comfortable that way:

| always turn on all the lights in my flat evenl iém
not in a room. | do this because | like the feelaig
very bright flat.

Today | took longer shower than usual. The reason
was that the warm water was so pleasant and so |
want to enjoy this feeling longer.

Quality of Appliances. Besides psychological aspects concerning
the individual itself, theQuality of Appliancesplays a role.
Appliances can be either (partially) broken or het energy-
efficient. Consequently in such situations peoplke iahibited to
save energy. Their possibilities are to bury newsoor repair the
remaining. Both are connected with monetary effdisamples
are written below.

The washing machine keeps getting stuck and so |
have to restart it again and again. It is brokendan
think it is time to buy a new one.

| have opened the window to let some fresh aihen t
room. In the meantime the radiator was turned on
very high. There is no possibility to regulate the
heating on this kind of radiator.

Habits. Another type of a behavioral barrier is descriiad
routines of behavior. In these cases individualsfopm the
specific behavior because they have always dorikat that.
Behavior occurs kind of automatically and unnoticed

My appliances in the kitchen are constantly coneect
to electricity. | have always done it that way.

After picking up my children from school we went
home and everybody went in his room. We all turned
on the TVs in each room and even watched the same
program. So there are four TVs running with the sam
program. By joining this study | have to think abou
the reason why we are doing this and | can only say
that this is a stupid habit that we have never
questioned.

Lack of Knowledge. Within 20 situations people stated that a
Lack of Knowledges the main reason for their energy waste.
Individuals do not really know how to save energybehave
energy-efficiently. Examples are presented below:

My refrigerator runs on the coldest setting. | dotn
know what setting is suitable for my fridge to hoigl
food fresh enough.

Number of Statements

Habits Lack of

Lack of
Attention

Comfort Quality of

Appliances

Bl B e

Knowledge

Before taking a bath | usually heat the bathroom by
turning on the radiator on the highest level foroab
one to two hours. | think there are more energy-
efficient possibilities to achieve a warm bathrodmat

| do not know them.

Social Aspects.Social Aspects as a possible type of barrier, for
energy-efficient behavior, that comes up when imials live
together with other ones or animals. There aresthrain reasons
in this context. First there are situations in whparticipants feel
responsible for several humans or pets and therefmrergy-
savings are of lower priority:

My five-year old child is actually afraid of thetaso
I turned on a light for him between 7 pm and 6 am.

My cat has rheumatic problems, which are better if
the flat is very warm. So | heat more than usual.

Second there is the social phenomenon of a diffusid
responsibility described. In these situations &ponsibility for
being energy-efficient is not explicitly assignedl ¢ne or all
individuals within the household.

The radio in the kitchen has been turned on althoug
nobody was in the kitchen. | did not turned it onls
did not feel responsible for turning it off.

Finally there are statements describing the retsavoid
conflict situations with flat mates.

All my children take a bath instead of taking awhn
Additionally, all want to use fresh water which ukts

in a huge waste of water. | have not forbid my
children to do this, because | want to avoid catsli

Resources. Another category describes a lack of resources
consisting of time and money. Individuals statet thay do not
have the time to think about energy-savings, asd db not have
the money to buy energy-efficient appliances.

Today | bought incandescent bulbs for the whole ffla
bought the cheapest ones, although they are the one
that need the most energy.

Remaining aspectsThere are also some remaining aspects we
were not able to assign to one of these types ofidbs. One
participant went to the cinema and did not turn ligbt off in
his/her flat, because of security issues. Posdiblglars should
not know that he/she is not at home. Another pestated that
they are at present preparing a marriage and thaine thinks
about energy-savings now. As this situation is nepresentative
for the overall behavior of the individual we putigt in the
remaining aspect category.

u Electricity

Entertainment
Electronics

M Heating

m Water

Social Aspects ~ Ressources Remaining

Figure 4: Number of Statements per Category separatl for the energy areas
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Figure 5: Absolute frequencies for the categorieseparated for the housing situations

In summary, we extracted eight types of barriefgsragenting
variables that prevent people from behaving eneffjgiently
within the domestic contextack of Attentionand Comfort are
the two most common barriers. As we have variedewift
energy-areas as well as household situations vietisplnumber
of statements for those variables represented wefollowing
figures.

Figure 5 presents the frequencies of types of é&rarseparated for
different energy areas. As can be seen from therdigack of
Attention was the variable with the highest frequency for all
energy areas except water consumption. People wtidHe task
to focus on water consumption stat€@bmfort as the most
frequent type of barrier. As the study has beendooted in
winter and water is tightly associated with warntavahis makes

sense.Comfort was also the second most common reason for

electricity and entertainment electronics. For thse of heating
the second most common reason wWasality of Appliances
Together withLack of Attention, Quality of Appliancegas the
second most common reason preventing participaois énergy
efficient water consumption.

Besides splitting up the number of statements sg¢pdrfor the
energy areas, we also split the categories desgriteasons by
the housing situation (see Figure 6). Participarits lived alone,
with children or in a shared apartment stadéek of Attentioras
the most common reason for not behaving energgieffily. As
second most common aspect all mentio@ednfortas a reason.
For people living with a childQuality of Appliancess more
important than for people living in a shared aparitmas well as
for those who live alone. In the ‘Single persondyp the reason
Quality of Applianceswvas stated only five times (out of 114
reasons overall). In contrast to tQeality of Appliancesategory
the ‘Living with a child’ group states only foumies thatHabits
as a behavioral barrier.

4.3 ldeas of Technologies Supporting Users
Based on the idea of a user-centered design apgpweacasked
participants for each situation if they have araidéa technology
that can support them. We collected 188 valid statés. Out of
them people mentioned 68 times that they like teereppliances
that start up or turn themselves off automaticalp. amount of
27 statements support the idea of a reminder.djaatits stat that
they like to have a visual or auditory signal thaminds them
about energy consumption. There are also 66 statsmteat
wished to have more energy-efficient appliances.

5. GUIDELINES FOR SUSTAINABLE
PERSUASIVE TECHNOLOGIES

The results of our study provide insights into detiteenergy
consuming behavior. We have derived types of harribat
impede people from acting energy-efficiently anddiidnally
determined their frequency of occurrence. Basethemesults we
articulate four design guidelines for sustainablerspasive
technologies.

The idea of persuasion is to change behavior byenting the
user to actively perform a desired target behavibe results of
our study indicate that there are two major basrighich should
be addressed with persuasive technologies.

Navigate the user’s attentionWe identifiedLack of Attentioras

the most common type of barrier for not behavingrgy-efficient

in the domestic context. To address this issuénigogy should
navigate the users’ attention. This is possiblaibiyng acoustical
or visual signals. Here, it is important that the$gnals are not
annoying users, otherwise they will quickly turetn off.

Allow people to satisfy their needs for comfort The second
most common type of barrier is namédmfort Energy itself is
strongly related with comfort, e.g. warm water, htig or

entertainment appliances. For designing technolegythink that
it is very important to hold this comfort aspect mind.

Technologies should allow people to e.g. take aglevarm

shower if they want to. What technology can doesind users
about how often they have done this e.g. the mbefbre. And
thus regulate energy consumption over a longemogdeoi time.

This will help increasing technology acceptance asabe.

Consider individual differences. We recognized for the same
situation often different types of barriers exifeople are
individual different within their perceptions, meditions, attitudes
and priorities. For example people living with dldtave other
priorities and attitudes as single persons. Fort rffective usage,
technology should be adaptive or be adaptabledecific needs
and situations.

Target particular types of barriers. There are several types of
barriers that can prevent people to perform thgetabehavior.
Different barriers need different approaches torcwme them.
Lack of Attentiorcan be addressed with reminding the user. The
information content of such technologies can bg wémple, and
their design very attention-catching. In contrasi that,
technologies aiming to overcome the bartiack of Knowledge
should provide detailed energy-related informatioand
consulting. We assume that one technology can geoseveral



features, which can be used in different situatio$e
combination of several different approaches in apgliance may
therefore increase the resulting effect. This ah line with
Fogg's assumption that persuasive technology reguiot only
triggering the behavior, but also boosting motimati or
facilitating the behavior [12].

In addition to the proposed guidelines for persteasechnologies,
where the user has the active role to manage emerggumption,
the results of this study indicate, that automai®ra potential
approach to overcome some barriers. Especially itumatoons

where the actual necessary behavior (e.g. stangingoing to the
kitchen and turn off the light) and not the consmtes (the
kitchen is dark) constitutes the barrier, or theassary behavior
is difficult to perform (choosing the optimal saetis for the

refrigerator), automation may be an opportunity ffficient

energy usage.

6. DISCUSSION

Our study investigated types of barriers preventemgergy

efficient behavior. Over all Lack of Attention a@bmfort are the
main reasons for wasting energy. Coming back toeight-step

process formulated by Fogg [13] we deal with stepd named
“find what is preventing the target behavior”. Acdimg to Fogg

those variables consist of either a lack of motbrata lack of

ability, a lack of well-timed trigger to performehbehavior or a
combination of all of these factors. The resultedrier Lack of

Attention can be interpreted as a lack of a wefletl trigger,

whereas the Comfort relates to a lack of motivatiOur next

steps, within the process of creating persuasicientdogies, will

be to choose a simple target behavior, the recegtiidience as
well as an appropriate technology channel. Deriffenin the

results of our study a simple target behavior migatturning

appliances off if they are not used anymore (eightlwhen

leaving a room) or systems that individually infotreers about
energy-efficient appliances.

Comparing to existing empirical studies researcliagiers, our
applied methodology was suitable to detect typesbarfriers

preventing people to act energy-efficient withine tdomestic
context. In contrast to interviews [19], focus gusu[33] and
energy-diaries [6], we applied a methodology whiebults in a
large amount of situational descriptions. We werke do detect
three of four barriers mentioned by [19], which kgxb face to

face interviews with 15 households that have imteca with

smart energy monitors one year. Like those autiversvere able
to state that there are some situations in whicplgeuse energy
that is necessary for them and has to be usedtisdaily we also
collected statements describing barriers based anfart and

social aspects.

According to theoretical models, describing the cpss of
behavioral change, the perception of a behavianatrol is a core
variable influencing behavior. A perception of bebegal control
is highly important that behavioral intentions fiespression in
behavior itself. A lack of attention excludes thentol over
behavior and behavior is therefore hardly possiBlensequently
we suggest focusing on this lack of attention byating
persuasive technology.

There are also some limitations of the study refgrto the used
methodology, we discuss here. As mentioned befeesfocused
on situations in which people are aware that thegter energy.
Therefore we have excluded statements about entraly is
necessary to use for participants. This resultsthire main
limitations. First, people are not always aware uabbow to
behave energy-efficient and what results in a waktnergy. As

technology market changes quickly, there also nrapths about
what is energy-efficient. For example people areaveare about
if their charging cables do need energy when theyia the

socket but not connected to an e.g. mobile phoeeor8l, there is
the question about what is necessary and unnegessargy

consumption? This brings us back to a very firstdssion of our
work about what do we expect from people behavingrgy

efficiently? What's the beginning of comfort andettend of

necessary consumption? Finally our used methoddiags the

validity of the type of barrier named Lack of knedbe. It is

always critical to ask people about how much theyndt know,

as this is a potential restriction. How should undiials know that
there is something they do not know?

Summarizing our study we were able to detect tygfelsarriers
for saving energy. Our formulated guidelines canused for
sustainability-related persuasive system desigmthEBu research
can extend those guidelines based on additiondiestu

7. Acknowledgement

The research presented is conducted within theridasproject
“PEEM - Persuasive End-User Energy Management™ &xad-
Consumer2Grid”, both funded by the Austrian Redearc
Promotion Agency (FFG), and Climate and Energy Fander
contract numbers 825501 and 825551.

8. REFERENCES

[1] Ajzen, I, 1991. The Theory of Planned Behavior.
Organizational Behavior and Human Decision Processe
179 —211.

[2] Ajzen, ., Fishbein, M., 198@nderstanding attitudes and
predicting social behaviolEnglewood Cliffs, NJ: Prentice —
Hall.

[3] Arroyo, E., Bonanni, L., Selker, T., 2005. Waterbot
exploring feedback and persuasive techniques atitie
Proceedings of the Conference on Human Factors in
Computing System#épril 02 - 07, New York, NY, 631-639.

[4] Bamberg, S., Moser, G., 2007. Twenty years afteesli
Hungerford, and Tomera: A new meta-analysis of peyc
social determinants of pro-environmental behavournal
of Environmental Psychology (274 — 25.

[5] Bang, M., Torstensson, C., Katzeff, C., 2006. The
PowerHouse: A Persuasive Computer Game Designed to
Raise Awareness of Domestic Energy Consumption.
Proceedings of Persuasive 200&23-132.

[6] Cames, M., Brohmann, B., 2003. Options and potisntifa
energy diaries — Energy diaries as a tool for ifgng
potential energy savings through behavioural change
Presented at the ECEEE summer study. StockholmBECE
1079-1090.

[7] Cialdini, R.B., 2001Harnessing the Science of Persuasion
Harward Business Review.

[8] Clark, C.F., Kotchen, M.J., Moore, M.R., 2003. hnid and
external influences of pro-environmental behavior:
Participation in a green electricity prograiournal of
Environmental Psychology (2337-246.

[9] Dillahunt, T., Becker, G., Mankoff, J., Kraut, RQ08.
Motivating Environmentally Sustainable Behavior @bes
with a Virtual Polar BeaProceedings of Pervasive 2008 -
Workshop on Pervasive Persuasive Technology and
Environmental Sustainability



[10] EURIMA, ECOFIS-study: Mitigation of CO2 Emissions
from the Building Stock. Beyond the EU Directive the
Energy Performance of Buildings, 2004.

[11] Fogg, B. J., 200Rersuasive Technology: Using Computers
to Change What We Think and .Ddorgan Kaufmann
Publishers Inc.

[12] Fogg, B.J., 2009a. A Behavior Model for Persuagiesign.
Proceedings of Persuasive 2009

[13] Fogg, B.J., 2009b. Creating Persuasive Technolpgies
Eight-Step Design Proced$3roceedings of Persuasive 2009.

[14] Fogg, B.J., 2009c. The Behavior Grid: 35 Ways Bérav
Can ChangeProceedings of Persuasive 2009

[15] Froehlich, J., Findlater, L., Landay, J., 2010. Tesign of
eco-feedback technologiproceedings of the Conference on
Human Factors in Computing Systems 2010.

[16] Grimes, A., Grinter, R. E., 2007, Designing perguas
health technology for low-income African American
communitiesProceedings of Persuasive 2007

[17] Gustafsson, A., Bang, M., 2008. Evaluation of avpsive
game for domestic energy engagement among teenagers
Advances in Computer Entertainment Technol282-239.

[18] Gustafsson, A., Gyllensward, M., 2005. The Powerafav
Cord: Energy Awareness through Ambient Information
Display,Proceedings of the Conference on Human Factors
in Computing Systems 2005.

[19] Hargreaves, T., Nye, A., Burges, J., 2010, Makinergy
visible: A qualitative field study of how househetd
interact with feedback from smart energy monit&rsergy
Policy 38, 6111-6119.

[20] He, H. A, Greenberg, S., Huang, E. M., 2010. Ome S
Does Not Fit All: Applying the Transtheoretical Meldo
Energy Feedback Technology Desigmnoceedings of the
Conference on Human Factors in Computing Systert8.20

[21] Hines, J. M., Hungerford, H. R., Tomera, A. N., 68§ .
Analysis and synthesis of research on responsible
environmental behavior: A metaanalysisurnal of
Environmental Education (18}-8.

[22] Kappel, K., Grechenig, T., 2009. “show-me”: Water
Consumption at a glance to promote Water Consenvati
the ShowerProceedings of Persuasive 2009.

[23] Kim, T., Hong, H., Magerko, B., 2010. Designing for
Persuasion: Toward Ambient Eco-Visualization for
AwarenessProceedings of Persuasive 2010.

[24] Kollmuss, A., Agyeman, J., 2002. Mind the Gap: vadoy
people act environmentally and what are the barter
Environmental Education 8(3239-260.

[25] Mayring, P., 2008Qualitative Inhaltsanalyse: Grundlagen
und Techniker8.Auflage. Weinheim: Deutscher Studien
Verlag.

[26] Milfont, T.L., Duckitt, J., 2010. The environmentttitudes
inventory: A valid and reliable measure to asskss t
structure of environmental attituddaurnal of
Environmental Psychology (380-94

[27] Moser, S.C., Boulder, C.O., 200Bommunication climate
Change-Motivating Civic Action: Opportunity for
Democrativ Renewallimate Change Policies in North
America, Wilson Center Occasional Paper 2.

[28] Mun, M. Reddy, S., Shilton, K., Yau, N., Burke, Bstrin,
D., Hansen, M., Howard, E., West, R., Boda, P. 2®EIR,
the Personal Environmental Impact Report, as ddpfatfor
Participatory Sensing Systems Reseadrehceedings of the
Conference on Mobile systems, applications, andses.
55-68.

[29] Oinas-Kukkonen, H., Harjumaa M., 2008. A Systematic
Framework for Designing and Evaluating Persuasive
SystemsProceedings of Persuasive 2008.

[30] Riener, A., Ferscha, A., 2009. Effect of ProacBvaking on
Traffic Flow and Road Throughput. Proceedings ef th
International Symposium on Distributed Simulationl &eal
Time Applications.

[31] Schwartz, S. H., 1977. Normative influence on &tru In
L. Berkowitz (Eds.), Advances in experimental sbcia
psychology, Vol. 10. New York: Academic Press.

[32] Takayama, C., Lehdonvirta, V., 2008. Ecoislandystem
for persuading users to reduce CO2 emissiBrzceedings
of Pervasive - Workshop on Pervasive Persuasive
Technology and Environmental Sustainability3—-116.

[33] Throne-Holst, P. Strandbakken, and E. Stg, (2008).
Identification of households’ barriers to energyisg
solutions, Management of Environmental Quality: An
International Journal, 19(1), 54-66.

[34] Torning, K., Oinas-Kukkonen, H., 2009. Persuasiyst&n
Design: State of the Art and Future DirectioAsoceedings
of Persuasive 2009.



