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While interest in eco-feedback technologies has peaked over the last decade, research increasingly high-
lights that simply providing information to individuals regarding their consumption behaviors does not
guarantee behavior change. This has lead to an increasing body of work that attempts to characterize

1<eyW9rdSI_ ) individuals’ latent motivations that drive sustainable behaviors. With this paper we aim at expanding this
Sustainability body of work by analyzing such motivations in the context of families. We report findings from inter-
Motivations

views with 15 families who used an eco-feedback interface over a period of 2 years. Our study reveals
that motivations for sustainable behavior were not only rooted in individuals’ environmental concerns
and need for expense management but they also regarded: (i) individuals’ and families’ need for a sense
of control and security, (ii) parents’ self-perceived responsibility of their role as parents and (iii) the percep-
tion of individual as well as family identity. We argue that in order for eco-feedback technologies to attain
long-lasting behavioral changes in the domestic environment they need to address basic family needs
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Eco-feedback

that go beyond individual ideals of pro-environmental behavior.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Environmental threats and climate change have affected popu-
lations across the planet causing an impact on their health, access
to resources and compromising the future generations
(Abrahamse, Steg, Vlek, & Rothengatter, 2005; Elias, Dekoninck, &
Culley, 2007; Froehlich, Findlater, & Landay, 2010; Watterson &
Fernandez, 2012). The impact of these threats has brought together
researchers and governments in the design and implementation of
possible solutions towards sustainability. Researchers from the
fields of sociology, psychology and economics have suggested that
providing relevant information that facilitates awareness of con-
sumption behaviors is likely to influence pro-environmental prac-
tices (Riche, Dodge, & Metoyer, 2010). As a result campaigns
evolved around the premise to promote environment-friendly
behaviors within contexts involving domestic consumption, work
related behaviors, public spaces and local communities (Froehlich
et al., 2010, 2012). In this trait, most research domains centered
on an individual as a decision maker (Wilson & Dowlatabadi,
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2007). Despite this general trend some sociologists questioned
the relevance of the individually framed decision models and
emphasized the social and technological construction of behavior
(Wilson & Dowlatabadi, 2007).

Research within the field of Human-Computer Interaction has
focused on the so-called eco-feedback technologies, ones that
sense and visualize energy consumption with the goal of promot-
ing behavior change (Dillahunt, Mankoff, Paulos, & Fussel, 2009;
Elias et al., 2007; Froehlich et al., 2010). Research in eco-feedback
technologies, up until now, has largely focused on changing indi-
vidual behavior through psychologically grounded principles
derived from theories of motivation and behavior change (e.g.
(Abrahamse et al., 2005; Froehlich et al., 2010; He, Greenberg, &
Huang, 2010; Petkov, Goswani, Kobler, & Kremar, 2012; Petkov,
Kobler, Foth, & Krcmar, 2011). However, concerns regarding the
long-term impact of persuasive designs are increasing (Broms
et al., 2010; Pierce, Schiano, & Paulos, 2010; Strengers, 2011) and
researchers call for an emphasis on how eco-feedback technologies
should integrate with the cultural and social practices (Horn et al.,
2011; Strengers, 2011).

Particularly, domestic practices have attracted an increased
interest, both due to the uniqueness and complexity of such an
environment, but also because of its substantial contribution to
CO, emissions (Davidoff, Lee, Yiu, Zimmerman, & Dey, 2006;
Watterson & Fernandez, 2012). As such, households have been
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characterized as an ideal target for the design and evaluation of
new eco-feedback technologies (Strengers, 2011; Watterson &
Fernandez, 2012). Still, the implemented interventions have so
far failed to endure in the long term, calling researchers’ attention
into the ways in which eco-feedback technologies integrate with
domestic activities and social norms (Strengers, 2011; Woodruff,
Hasbrouck, & Augustin, 2008).

As a result, a number of researchers have started studying indi-
viduals’ motivations for pro-environmental behaviors in the
domestic place. The most frequent motivations have been found
to relate to individuals’ need for cost management, to environmen-
tal concerns or values (Dillahunt et al., 2009; Pierce, Schiano, et al.,
2010; Strengers, 2011). However, it is crucial to realize that fami-
lies often experience difficulties when implementing eco-friendly
practices due to the diversity regarding its members, in particular,
in terms of age, needs, daily habits, schedules and comfort levels
(Froehlich et al, 2010; Horn et al, 2011; Odom, Pierce,
Stolterman, & Blevis, 2009; Pierce, Fan, Lomas, Marcus, & Paulos,
2010; Strengers, 2011). Such an observation indicates that eco-
friendly practices are negotiated within the household rather than
imposed (Horn et al., 2011; Pierce, Schiano, et al., 2010; Strengers,
2011). Researchers found that some practices are non-negotiable
once a family believes to be doing everything in their power to
reduce their energy consumption (Pierce, Fan, et al., 2010;
Strengers, 2011). In other cases, however, having access to eco-
feedback fails to challenge the existing practices, or even becomes
used as a guideline to keep the consumption levels stable through-
out time although such levels are neither low nor efficient (Pierce,
Fan, et al., 2010; Strengers, 2011).

Based on the related work we argue that getting a better under-
standing of the complex structure of families’ motivations for pro-
environmental behaviors can provide a useful guide for the design
of more effective technological solutions. We report interviews
with 15 families who used an eco-feedback interface for 2 years.
Our goal is to understand how latent motivations of the different
family members shaped and regulated their sustainable practices.

This paper organizes as follows; first we present the related
work introducing how the literature review has analyzed motiva-
tions for sustainable behaviors, then the research motivation and
the techniques used to collect the data about family’s motivations
within this study. The findings are then explained in terms of pre-
vious literature but also, group differences. Finally, the discussion
and conclusions reflect on the current results and how can these
be integrated to address family’s specific needs.

2. Related work

Pro-environmental behaviors are driven by a wide range of latent
needs and motivations. Within HCI, researchers have found such
motivations to tap into individual needs for managing life costs
(Chetty, Tran, & Grinter, 2008; Davidoff, Ziebart, Zimmerman, &
Dey, 2011; Miller & Buys, 2010; Steg, 2008; Tan, 2009), achieving
and maintaining comfort levels (Chetty et al., 2008), and acting
according to environmental concerns (Schéfer & Bamberg, 2008).
Eco-friendly behaviors are further driven by established habits and
routines (Gram-Hassen, 2007; Hazas, Friday, & Scott, 2010; Steg,
2008; Strengers, 2011), social influences (Petkov et al., 2011;
Thieme et al., 2012) and through an attempt to display conformance
to one’s own self-identity (Black & Cherrier, 2010; Gronhoj, 2006).

Financial motivations are often the most salient ones in initial
interactions with eco-feedback technologies. As such, many eco-
feedback interfaces have been designed with the goal of providing
ways to control households’ energy costs (Chetty et al., 2008;
Kjeldskov, Skov, Paay, & Pathmanathan, 2012; Tan, 2009). Such
motivations are understood as basic since they tap to individuals’

concerns over their economic sustainability (Dillahunt et al.,
2009). Information on energy consumption has often proven useful
in challenging individuals’ misconceptions on the long-term
energy costs of devices and established ill habits (Chetty et al,,
2008; Kjeldskov et al., 2012; Tan, 2009). However, research has
also showed that increasing awareness about energy costs does
not necessarily imply a change in people’s behavior (Pierce,
Schiano, et al., 2010; Shove, 2010). Moreover, not all family mem-
bers share financial motivations to the same extent, as, habitually,
only one or a subset of them is responsible, or even aware, of a
need to control energy costs (Chetty et al., 2008).

Another motivation regarding eco-friendly behaviors is the level
of comfort families desire regardless of its environmental impact
(Chetty et al., 2008; Dillahunt et al., 2009; Hazas et al., 2010;
Kappel & Grechenig, 2009; Steg, 2008). Families who referred to this
motivation, wanted, for instance, to control the thermostat to be
able to maintain comfortable temperature at all times. They also
tended to maintain their meat consumption without considering
other food alternative and, preferred to have access to transporta-
tion at all times, either through owning two cars or buying a larger
one to drive all family members regardless of fuel efficiency.

Yet another motivation for sustainable behaviors regarded the
need to maintain daily routines and habits (Dillahunt et al., 2009;
Gronhoj, 2006; Pierce, Schiano, et al., 2010). According to Schafer
et al. (Schdfer & Bamberg, 2008) habits are responsible for the
establishment of repeated behaviors and work as conservative
forces where new information about alternative behaviors is con-
sidered. Habits, therefore, seem to restrict behaviors and render
some modifications as non-negotiable by constraining individual
flexibility to change (Pierce, Fan, et al., 2010; Pierce, Schiano,
etal., 2010; Strengers, 2011). For instance, habits learned from pre-
vious generations, which found them convenient, efficient and use-
ful, such as e.g. doing laundry at 60 deg, which can be seen as
essential to guarantee 100% clean clothes, are difficult to give up
(Gram-Hassen, 2007; Hazas, Brush, & Scott, 2012; Strengers, 2011).

Sustainable behaviors can also be driven by environmental con-
cerns. It has been shown that people are concerned about future
generations’ access to resources, and, for that reason, are willing
to modify their lifestyles and surroundings to address these con-
cerns (Chetty et al., 2008; Dillahunt et al., 2009). Individuals driven
by such a motivation are more likely to be mindful about their con-
sumption behaviors and change their daily routines (Gilg, Barr, &
Ford, 2005; Miller & Buys, 2010; Woodruff et al., 2008). For exam-
ple, they may repair old appliances, attempt to reduce electricity
usage through engaging in outdoor activities, replace plastic with
cloth bags, shop in local markets, reuse water from the shower to
water plants or use an extra sweater in the house instead of
increasing the heating temperature (Chetty et al., 2008; Gilg
et al., 2005). As seen in Fransson and Garling (1999) these individ-
uals possess a considerable level of knowledge about environmen-
tal problems, are willing to discuss alternative solutions and
develop skills to achieve intended behaviors.

It has been further found that individuals’ social network exert
influence on their energy consumption. For instance, individuals
are more willing to modify behaviors when the impact of these
behaviors becomes visible to their social network (Froehlich
et al., 2010; Petkov et al., 2011; Pierce, Fan, et al., 2010; Thieme
et al., 2012). While social influences take place in a number of ways
such as peer pressure, public accountability and competition
(Froehlich et al., 2010; Pierce, Fan, et al., 2010), central to all these
is the notion of self-identity (Belk, 1988; Zimmerman, 2009) For
instance, some people are driven by anti-consumption practices
(i.e., reducing, reusing and rejecting the purchase of new products
whenever possible) (Black & Cherrier, 2010). Within these anti-
consumption contexts, individual values and self-perception are
driving individual acts which often tap to one’s social responsibil-
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ity, sense of involvement, personal fulfillment and social belonging
(Black & Cherrier, 2010; Gilg et al., 2005).

The diversity of motivations suggests that individuals’ eco-
friendly behaviors are constrained by one’s circumstances, social
context and access to resources (Strengers, 2011). While one would
expect that individual motivations could be predicted by a limited
number of factors, such as one’s level of income, research confirms
that this is not the case (Froehlich, 2009). For instance, even for
low-income communities green behaviors may be motivated by
spiritual and self-actualization concerns (e.g., moral aversion to
waste) or a sense of duty to protect the environment for future
generations (Dillahunt et al., 2009; Fransson & Garling, 1999;
Riche et al., 2010).

In that context we set out to investigate how the motivations
stimulating eco-friendly behavior differ between three different
types of families, namely: families without children, with young
children and with older children. Our goal was twofold. We wanted
to show that in order to stimulate sustainable behaviors it is nec-
essary to design for families rather than individuals and also that
the offered technologies need to be adjustable to the changing
needs of the different types of families and also to the different
stages of their lives.

3. Research motivation

Recent studies have suggested that addressing sustainable
behaviors should include major areas of impact such as indoor cli-
mate, travel, food and buying behavior (Hazas et al., 2012). Sus-
tainability analysis implies then, a much larger focus as people
might adopt behaviors that are not always a result of their individ-
ual choices but are integrated into various contexts and exposed to
social dynamics (Brynjarsdottir et al., 2012; Hazas et al., 2012;
Shove, 2010). Sustainable behaviors should then be analyzed on
different levels by cataloging behaviors people consider as essen-
tial, understanding various motivations and their impact or conse-
quences within their context while considering how social ties
influence individual choices (Dillahunt et al., 2009; Hazas et al.,
2012; Strengers, 2011). Since families can be seen as groups among
which multiple motivations naturally emerge, it is fundamental to
know what drives their actions as a group, and how they integrate
change in their natural context. Analyzing the home space is fun-
damental to understand the roles of family members, their respon-
sibilities, negotiation processes and priorities, and how all these
relate to the individual motivations. Since this analysis can help
to structure the design of technologies that help to pursue long-
term eco-friendly behaviors.

In this context, our research aimed to understand what motiva-
tions concerning sustainable behavior family’s express, how these
motivations are negotiated and how they co-evolve in different con-
texts. We organize our findings around the following questions:

- What are family’s motivations for sustainable behaviors and
how do they compare to previous studies?

- How do these motivations differ between family type: families
with or without children, and families with younger and older
children?

- Are there differences between family types and interaction with
the eco-feedback system used to probe families about energy
consumption practices?

3.1. Eco-feedback technology

The families that participated in our study had been using an
eco-feedback technology aimed at monitoring and providing feed-
back on families’ energy consumption practices. The technology

consisted of a low/cost, single point, nonintrusive load monitoring
sensing infrastructure implemented in software and deployed in a
netbook. The netbook was installed next to the mains fuse box,
which in all participants’ apartments was located in the main cor-
ridor, a place that we judged appropriate for a public display (see
Fig. 1). The eco-feedback interface was displayed in the netbook
and presented information relating to the household’s overall con-
sumption per day, week or month, and in terms of kW h, cost, and
CO, emissions (see Fig. 1, for a more elaborate description of the
system see Anonimized for review 2012). The system acted as a
technology probe (Anonimized for review 2005) aimed to sensitize
families about their energy consumption practices.

3.2. Participants

This study was conducted in a city, which is the capital of a Por-
tuguese island with a total of 267,785 million people. The partici-
pants for this study were chosen from an overall city consumption
database (about 50,000 consumers). The research team selected a
set of apartment buildings that corresponded to the average city
consumption pattern from the referred database. The apartment
buildings were located in a neighborhood composed mostly by Cau-
casian families and working people. A number of 30 families from
that building volunteered for the study. Out of the initial group, a
number of 15 families further volunteered to participate in the inter-
view study. The families lived in their homes for approximately
6 years, with the minimum time 2 years and the maximum 11 years
(M =6.25, SD = 2.59). Their homes were apartments with one up to
three bedrooms. Overall the sample of participants belonged to
lower and middle socio-economical class (see Table 1 for more
details). We divided the sample into three groups: (A) families with
young children under age of 10 years; (B) families with children
older than 10 years; and (C) families without children (see Table 1
for more details). Group Bincluded children under 10, and were inte-
grated in this group based on the age of the oldest child. Such a divi-
sion was motivated by previous studies suggesting that families
address consumption concerns differently when younger children
(Gronhoj, 2006) or teenagers are involved (Gram-Hassen, 2007).

3.3. Method

The study involved in-situ interviews with the entire family. We
opted to have all family members present, as we wanted to see
how they interacted with each other when addressing energy con-
sumption issues. The interviews were semi-structured and con-
sisted of a warm-up discussion where we probed for general
information relating to family daily routines, their concerns and
their expenses with utilities. It was followed by reflective inter-
viewing on the aspects of energy conservation practices they had
performed in the past. Interviews lasted from 45 to 90 min. They
were videotaped and transcribed for analysis.

Data were content analyzed using Hsieh and Shannon’s tradi-
tional qualitative content analysis (Hsieh & Shannon, 2005) follow-
ing a three-step process. The two initial steps aimed to respond to
the following question: what are family’s motivations for sustain-
able behaviors and how do they compare to previous studies?

In the first step, the interview transcripts were processed to
identify concepts that expressed individual motivations for pro-
environmental behavior using the NVivo software tool
(International, 2012). In the second step, we used affinity diagrams
(Beyer & Holtzblatt, 1998) where the initial themes were con-
trasted to individuals’ motivation for pro-environmental behaviors
as reported in literature e.g., (Broms et al., 2010; Chetty et al,,
2008; Gilg et al., 2005; Woodruff et al., 2008). The affinity diagrams
were used by the research team members as brainstorm tech-
niques to support the classification of participants’ quotes into



M.L. Barreto et al./Computers in Human Behavior 40 (2014) 6-15 9

Current day consumption page

POWER METER NOTIFICATIONS ~ SETTINGS
OCTOBER 11, 2010 | TEM&ERATUR.E |
2:35pm e ol
CO? EMISSIONS INFORMATION
So far today Considerantes igitur nos, ad
2 Coz rectam paschalis festi
g celebrationem iuxta
sanctorum Patrum ac
September vs October veterum Romanorum
80/ v p Pontificum, praesertim Pii et
Victoris primorum, necnon
OV o 11th OCTOBER 2010 magni illius oecumenici
ENERGY CONSUMPTION ENERGY STRATEGIES

current consumption

Goal for today

This month until date 90 kW )
107 kW =
September\;s October Tips = =
Considerantes igitur nos,
28% v T e
hour month ear

Fig. 1. (Above) The power-meter consisting of a netbook and an ADC converter located next to the main fuse box which was located in the main corridor of participants’
apartments (right). The eco-feedback interface presented information relating to the household’s overall consumption per day, week or month, and in terms of kW h, cost and
CO, emissions (below).

Table 1
Characteristics of the participating families. Both groups A and B include families with children under (A) and over (B) the age of 10. Group C includes families without children.
Household size refers to the number of people per family. Education level describes the professions of both parents of each family. Yearly income refers to the joint household
income.

Family ID Children (ages) Household size Educational level (father/mother profession) Yearly income (€)
Group A

1 2 (5,10) 4 Electrician/Kindergarten Teacher 40k-50k

2 1(1) 3 Seller/Teacher 40k-50k

3 2(1,7) 4 Security Guard/Supermarket clerk 0-5k

4 2(1,5) 4 Electrical Engineer/Biologist 100k-250k
5 2(2,4) 4 Arts Teacher (both) 50k-100k

6 1(3) 3 Nurse/Doctor 40k-50k
Group B

7 1(10) 4 Policeman/Secretary 19k-27.5k
8 2(7,14) 5 Music Teacher/Nurse 27.5k-32.5k
9 2(13,15) 4 Architect/Travel Agent 50k-100k
10 2(7,11) 4 Businessman/Sociologist 50k-100k
11 1(15) 3 Unemployed/Kindergarten Teacher 19k-27.5k
Group C

12 0 2 Manager/College Student 10k-13.5k
13 0 2 Croupier/College Student 5k-10k

14 0 2 Designer/Hotel Manager 27.5k-32.5k
15 0 2 Accountant/Lawyer 40k-50k
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Table 2
Motivations-statement analysis. Groups A and B include families with children under (A) and over (B) the age of 10 years old. Group C refers to the families without children.
Motivations Number Examples
(total) of quotes
per group
A B C
Identity (16) 7 6 3 “My wife does not care about this, I am the one doing this” (family 4, Father)
Costs (14) 5 5 4 “Even with the kids, they are not always careful (.. .) things are not cheap nowadays we cannot afford to spend too much or spend excessively”
(family 1, Mother)
Parenting (12) 7 5 0 “We haveasmall child (3 year old) and we tell her to switch off the lights. If we do these things we know she will imitate us” (family 6, Mother)
Routines (7) 3 4 0 “Iam aware but I will not stop using things because they are (...) basic activities of the day” (family 9, Father)
Sense of control 2 2 1 “I have the devices all grouped to be unplugged with a remote (.. .) I read somewhere these allowed us to save around 30 euros a year” (family

(5) 14, Husband)
Environment (3) 1 1 1

“I think the environmental impact is important and I talk to my kids about it” (family 10, Mother)

themes that would fit previous motivations or new motivations
that emerged within the family context. The quotes referred to
specific statements from the interviews. We compared the motiva-
tions found on previous studies with the ones reported by the fam-
ilies in the current study.

In the third step, we performed a comparative analysis of the
motivations by the three groups of families (see Table 2 for more
detail) guided by the following question: how do motivations differ
between family type: families with or without children, and fami-
lies with younger and older children? In this analysis we grouped
sets of relevant statements or quotes that participants shared with
the research team in the interviews, into higher-level categories
and verified the differences in terms of family characteristics and
their motivations to pursue and adopt sustainable behaviors. In
addition we looked into the differences in terms of interaction with
the eco-feedback system and family type.

4. Findings

This section presents findings in two parts: firstly we describe
motivations guiding families in their sustainable behaviors and
secondly we compare the impact of these motivations between
the three family types. Some motivations for sustainable behaviors
tapping into the need of controlling energy costs, concerns about
the environmental impact and routines and everyday practices are
known from the related literature. Our research has further identi-
fied a additional set of themes that referred to individuals’ and
families’ need for a sense of control and security, parents’ self-per-
ceived responsibility over their role as parents and the perception
of self as well as family identity (for more details see Fig. 2). In addi-
tion, we present a quantitative analysis of differences, according to
family type, in terms of interaction with the system and energy
consumption levels.

INDIVIDUAL
motivations

FAMILY
motivations

Reduce or control costs

Comfort Routines

Habits Environmental concerns
Environmental concerns

Social Influences +

Identity

4.1. Comparative analysis: family’s motivations for sustainable
behaviors and how do they compare to previous studies

4.1.1. Costs and concern for the environment

Froehlich (2009) found that users seemed to focus mostly on
energy unit and cost when considering environmental impact, as
they understand their relative magnitude and implications. Simi-
larly, in our study participants often highlighted the relevance of
reducing costs in their daily lives as opposed to thinking about
environmental impact: “It is more the cost what affects us directly.
If we talk about environmental impact we do not worry about it. As
it does not affect us directly we do not think so easily about it” (family
7, Son, ref 4). A concern for the environment was often paired with
other responsibilities such as making sure one’s children would
learn and understand implications of their consumption: “In the
schools they learn about saving and being careful for the environment
and at home we try to keep the same line of thought” (family 1,
Mother, ref 1).

Participants mentioned that reducing costs was something
“[they] deal directly and most frequently with” (family 7, Mother, ref
2). Costs were pervasive to all kinds of daily activities and families
were frequently exposed to them, which made cost a salient cue
with respect to energy consumption. Concerns related to costs
seemed to be frequent for families but not equally considered by
all its members due to reasons such as responsibilities and family
roles: “We deal directly with the money, they [children] do not pay the
bills” (family 7, Mother, ref 5).

4.1.2. Routines

Families organized their lives around routines: to complete
their chores, tasks and goals and make sure their schedules were
followed. The routines consisted of habits determining how they
managed their household resources but also how they used electri-

Reduce or control costs

Sustainable Behavior

Current study found motivations

Self and Family Identity

Parenting
Sense of control

Fig. 2. Individual motivations similar to previous work (costs control, routines or habits and environmental concerns) surfaced in the family context. Furthermore, family
specific motivations emerged such as identity, parents’ perceived responsibility on their roles as parents and family need for sense of control.
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cal appliances: “I feel I am using energy but I can not live by candle-
light. .. I use the energy I need, I have the television on because I need
her (her daughter) to be entertained. I think I am only using the energy
I need.” (family 6, Mother, ref 3). It was a balance between expecta-
tions, needs and available resources: “I am aware but I will not stop
using things (...) and those are all basic activities that I do not think
consume too much, they are things that I need” (family 9, Father, ref
5). Use of devices and energy consumption was, therefore, a
response to daily practices, an effort to manage different family
expectations and most of the times a result of a habit (Gram-
Hassen, 2007; Hazas et al., 2010; Pierce, Fan, et al., 2010;
Strengers, 2011).

4.1.3. Sense of control

When asked about the management of energy consumption
families frequently shared measures they took to save energy,
which led us to assume that families sought some sense of control
of what they used: “I realized that the consumption of some things
around the house even on stand-by was high so I went to a store
where they had this kind of equipment and asked them what I could
use to control this kind of stand-by consumption (...)” (family 5,
Father, ref 3). Families revealed a need to know more about how
much they used and how their behaviors and actions related to
the consumption that was expressed in the utility bill in the same
way as in He et al. (2010). Access to this information provided fam-
ilies with a sense of control.

4.1.4. Parenting

We noted that, similarly to Gronhoj (2006), parents’ reflections
upon energy consumption were often directed towards their chil-
dren. We found three needs related to parenting:

Educating. Energy consumption was often seen as a means to
communicate concepts that parents wanted their children to adopt
such as expense and resource management: “They need to learn
that we need to value the things we have” (family 10 Father, ref 7),
“They are very distracted whenever they leave their rooms and leave
the lights on (.. .) they go from room to room without paying attention
to the lights” (family 1, Mother, ref 2).

Offering a role model. Parents tended to modify their behavior to
set an example which helped them feel they were good parents:
“As we have a small child if we tell her to turn off the light when
she is not using it and if we do it she will do it too” (family 6,
Mother, ref 1), “One of the things I do is charge these devices after
11 pm and try to tell them to do the same” (family 10, Mother, ref
4).

Providing discipline. Enforcing sustainable behaviors was also
used as a means towards exercising discipline towards children:
“We have to tell him over and over to do it, whenever we go to the
kitchen to have dinner” (family 1, Mother, ref 3), “They are used to
this routine of only getting what we really need. If they want some-
thing, for example the youngest one, we try to negotiate” (family
10, Mother, ref 8).

4.1.5. Self and family identity

The issues of self- and family-identity surfaced in our interviews
with 8 out of the 15 families. Individual perceptions of self-identity
were often triggered at the occasion of arising conflicts: “My wife
does not care about this, I am the one doing this [turning off the lights
and being careful about energy usage]” (family 4, Father, ref 3).
Whereas, notions of family-identity were often induced by individ-
uals attempting to motivate all members, especially children, in
adopting sustainable behaviors either by monitoring their usage
of appliances related to entertainment (television and computer),
by using supermarket lists to teach them how to avoid superficial
expenses or by avoiding having non-healthy food at home: “They
are used to this routine of only getting what we really need. If they

want something [...] we try to negotiate” (family 10, Mother, ref
8). In the case of four families, the values constructing the percep-
tion of family identity were inherited from previous generations
and used as a trigger for reminiscence: “We did not say to ourselves
we need to save energy, we already had this with us from our parent’s
home” (family 15, Wife, ref 4).

4.2. Comparative analysis within the family groups

This section reports on the differences in the observed motiva-
tions as they surfaced in three different types of families (see
Fig. 3). Motivations are listed in terms of frequency and relevant
quotes are used to reflect and situate each type of motivation
(see Table 2 for more detail). The quotes were statements extracted
from the interviews conducted with the participants. The differ-
ences are analyzed bellowed in terms of each category.

4.2.1. Costs and concern for the environment

With respect to costs, the differences between the three groups
were minimal - all families were motivated towards eco-friendly
behaviors as a way of saving money, avoiding unnecessary
expenses and reducing their consumption levels. The electricity bill
at the end of each month was the trigger for this motivation: “We
control the costs, especially if the bill is higher than usual, if it is more
than 25 euros than that means something is wrong” (family 14, Hus-
band, ref 2).

Environmental concerns were secondary for all three types of
families. Yet, this motivation was interpreted differently among
the different groups. For group A, the concern for the environment
was seen as a part of parental responsibility to educate children
from a young age about environmental values. Parents of older
children attempted to integrate this particular motivation with
other types of motivations, such as parenting and sense of control.
For group C such a motivation was the result of an intrinsic interest
associated with spouses’ own personality and lifestyle they chose
to adopt.

4.2.2. Routines

In terms of group differences, routines differed according to
each group’s availability to either follow or change their habits.
We found that routines were more rigid and inflexible among
group A (families with children under the age of 10) when com-
pared to group B (families with children older than 10 years old).

Group A Group B Group C
Families Families Families
childrenage < 10 children age >10 no children

If and Family Identity

C Costs
( Sense of control )
( Environmental concerns )

Fig. 3. Motivations displayed in terms of importance across family type. Darker
areas demonstrate most important and higher frequency motivations.
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For group A, routines were something easy to fall out of parents’
control, as parents with younger children had to deal with more
unpredictable situations. On the other hand, group A families
revealed less flexibility to change their routines to accommodate
new behaviors. In fact, some routines were aspects of their lives
families maintained at all costs, even if these were not perceived
as environmental-friendly: “for example he is here with me (referring
to the baby) I need to have the television on for a longer time before he
was born the television wouldn’t be running for so long” (family 2,
Mother, ref 1). Nevertheless, these were conditions they needed
to conduct their daily lives around the household, especially when
younger children were involved. Routines worked as a motivation
for these families depending on the children’s circumstantial
needs.

For families in group B, routines were sometimes built around
special house constraints and became a motivation. For instance,
in one case the apartment had limited natural light and the family
could not avoid switching lights on: “We try to reduce here and
there but this is an apartment we can not walk here in the darkness,
we need to turn on some lights. When we are at home we spend more.
It is not easy to reduce” (family 11, Mother, ref 1). At points, families
from group B, reported perceiving routines as basic activities they
needed to accomplish and thus, would not give up or even negoti-
ate upon them: “No I do not feel guilty for using electricity (...) [ am
aware that I am using this energy (...) I do not feel guilty and will not
stop using things” (family 9, Father, ref 6). While families that could
control routines to some extent, they often did not want to (e.g.
families with teenage children).

With respect to families in group C (families with no children),
there was no mentioning of motivations tied to performing or
managing daily routines. Families in this group justified their
energy consumption with respect to personal efforts to control
its level rather than external circumstances or factors that were
out of their control: “It is our consumption, we do not make big
efforts to be like that (low consumption), we do not use an external
heater, we are careful about the kind of lamps we use at home” (fam-
ily 15, Husband, ref 1).

4.2.3. Sense of control

With respect to families’ need for maintaining a sense of con-
trol, no differences were found among the three groups. All of them
referred to measures they adopted to have a more accurate esti-
mate of their energy consumption: “If we want to analyze in detail
how much we spend in terms of energy I can do it because I have a
device here that measures the appliances power (...) I know exactly
how much I use and how much I spend” (family 4, Father, ref 2).

4.2.4. Parenting, self and family identity

We observed that group A and B referred more frequently to
motivations that tapped to self and family-identity. For parents with
younger children, motivations were based on the following needs:
need to educate, be a role model and to discipline their children in
terms of consumption practices. Additionally, parents’ motivations
were associated with the need to provide their children with a
sense of family identity. The motivation regarding family identity
stemmed from creating and communicating ideas and values to
children, such as ones related to saving and resource management.
For group B, motivations related to parenting were rated at the
same level as the ones tapping into cost management. While group
A referred to constant supervision of their children and feedback
by correcting behaviors, group B expected their children to conduct
sustainable practices autonomously. However, these expectations
were not always materialized: “I chase them around to turn off the
lights...” (family 8, Mother, ref 1).

4.3. Comparing the groups in terms of consumption and system
interaction

The three groups were compared in terms of quantitative mea-
sures collected throughout the study, namely, interaction with the
system and energy consumption levels. Overall, group B composed
by families with children older than 10 years, was the one, which
registered higher scores with respect to the referred variables.

The interaction with the system was measured through the
number of mouse clicks users performed when manipulating the
system. An analysis using Kruskal-Wallis test indicated significant
differences between the three groups (H(2)=20.773, p <.05). The
group with the highest number of interactions (mean
rank = 601.33) was group B.

Energy consumption levels were measured in terms of reduc-
tions throughout the study (the number of weeks the families par-
ticipated in the study) and in terms of total consumption in the
same period (average of total consumption).

The three groups of families reduced their consumption
throughout the study (89 weeks) (as illustrated by the trend line
in Fig. 4). Group B, families with children over 10 years old, regis-
tered higher levels and peaks of consumption when compared with
the two other groups throughout the duration of the study (see
Fig. 4). From weeks 77 onwards the consumption levels drop in
the graph was explained by the fact that a large part of the families
were removed from the study.

Total consumption levels were significantly different for the
three groups (H(2)=511.476, p <.05). The group with highest total
consumption levels was group B families with children older than
10 years (mean rank = 833.21) as illustrated in Fig. 5.

5. Discussion and conclusion

The goal of our study was to analyze eco-friendly motivations in
the context of families. Similarly to prior work (Broms et al., 2010;
Dillahunt et al., 2009; Pierce, Schiano, et al., 2010; Strengers, 2011),
we noted that both financial as well as environmental concerns
were often used as primary arguments in justifying sustainable
behaviors. The combination of financial and environmental con-
cerns was materialized through strategies and measures such as
replacing old appliances or buying remotes to unplug stand-by
devices. However, the level of awareness differed with respect to
the role in the family, as family members were not all equally
aware of cost implications or the environmental impact of their
energy practices. This diversified awareness impacts motivations
within the family, and explains why different family members
might focus on different types of motivations. As a result when
analyzing family context this is another variable to consider, how
are motivations grounded within the family space. Moreover, the
diversity of motivations across family members should be taken
into account as different people are motivated in various ways
(He et al., 2010). Furthermore, intentional behavior change evolves
across a set of phases, where the level of awareness towards a spe-
cific behavior increases, ultimately reaching a number of condi-
tions to change and maintain a desired behavior. Family
members encounter themselves to be at different stages of such
a behavior change. Thus, it is crucial to assess the level of individ-
ual mindset and commitment to adopt or invest in sustainable
behaviors within the household before proposing adequate solu-
tions. In line with the findings by Neustaedter, Bartram, and Mah
(2013), we also observed that parents did not share information
about their electricity bills with their children as they felt that bills
were their responsibility and should not become their children’s
concern. In such a way the parents were unwillingly excluding
their children from consumption related information and, conse-
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quently, compromising awareness regarding the impact of their
behaviors on the environment. This observation indicates that fam-
ilies should be supported and reassured that sharing financial
information, particularly with children, does not compromise other
responsibilities within the household. The system could reassure
parents that it is beneficial to include their children in the discus-
sion about the energy-related expenses as a part of defining family
context. A recent view from Woodruff et al. (2008) highlights that
in order to understand how eco-friendly behaviors are shaped in a
domestic setting it is important to relate pro-environmental moti-
vations to basic human needs such as physiological needs (provid-
ing for the basic resources for family members to have food and
rest) and safety needs (have employment and financial security,
comfort and a secure home) (Maslow, 1943). We argue that infor-
mation about energy consumption should address different levels
of awareness about energy consumption information as well as
higher level needs (beliefs and values related to the need to be per-
ceived as protective of the environment) in order to avoid jeopar-

dizing basic family needs safety (secure and comfort
environment) and physiological ones (food and rest).

The study revealed that families’ motivations for pro-environ-
mental behaviors may vary substantially from those of individuals.
In fact we found new motivations specific to families that had not
been reported before in the literature: parenting, self and family
identity and finally sense of control. More specifically, we found
three variables -established routines, children age, and parental
responsibilities to be a key in understanding families’ latent motiva-
tions for pro-environmental behaviors.

Established routines in the household were found to shape
whether and how families adopted the changes in their energy
consumption. Families were more focused on completing their
household daily tasks rather than considering if they were sustain-
able or even saving resources. On the other hand, families seem to
lack awareness regarding how daily routines affect their flexibility
to perform systemic behavior changes, which suggests that they
tend to underestimate the effort, space and resources required
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for enabling a behavioral change. This highlights the constraints
families deal with on a daily basis and points at their need for a
sense of control in managing household chores such as meals,
laundry, and driving children to school (Woodruff et al., 2008).
These findings support Davidoff's et al. (2006) claim that eco-
domestic technologies need to consider an organic evolution of
routines and plans.

We further found that different family types reveal different
motivations. For instance, the presence as well as the age of chil-
dren influences the salience of different motivations. Our study
highlighted the role of parenting in engaging with eco-friendly
behaviors, and how such a role varies depending on children’s
age. Motivations of parents with younger children seemed to arise
from moral values, such as education, discipline, identity and ide-
als. They showed an interest in educating children to be responsi-
ble citizens and to focus on long-term goals materialized through
supervision of the acquisition of knowledge and habits as seen in
Gronhoj (2006). On the contrary, for parents with older children,
motivations were rooted in their need for managing the family
budget and short-term goals, such as asking children to avoid using
multiple devices simultaneously (e.g., a TV and a personal com-
puter) but, at the same time, not verifying whether they followed
these orders. Designing systems to support the adoption of sustain-
able behaviors should, therefore, support parents with respect to
their changing roles and responsibilities, helping them to become
role models to follow. The system could become a place that com-
bines useful strategies to improve family consumption practices
with values they want to transpose onto their children. Contrary,
in households with children of age 10 or older, parents shared that
they had difficulties communicating with their children when call-
ing their attention to change their behaviors. Similarly to Gram-
Hassen (2007), parents revealed difficulties educating teenagers
on eco-friendly behaviors due to the developmental challenges of
that particular age. Interestingly, while this user group was the
group that registered the highest levels of energy consumption,
they were the ones who also had the highest level of interaction
with the system. This suggests that despite the social challenges
in achieving behavior change, this is a group where eco-feedback
systems have the potential to involve all family members and raise
their overall interest.

Contrary to previous studies (Dillahunt et al., 2009; Pierce,
Schiano, et al., 2010; Strengers, 2011), we found individual motiva-
tions to be largely affected by the type and needs of the family. For
example, families tried to adopt sustainable behaviors because
they wanted to feel in control of their consumption, its costs but
also, importantly, their lives. This can be seen as a core psycholog-
ical need to feel safe and in control of one’s life (Hassenzahl,
Diefenbach, & Goritz, 2010; Maslow, 1943; Sheldon, Elliot, Kim, &
Kasser, 2001). When designing for families in order to give them
more control over their lives it is important to look at them as a
collection of individuals with shared activities, schedules and rou-
tines. In other words, it is crucial to integrate family dynamics into
the planning and monitoring of their energy consumption and sus-
tainable actions (Costanza, Ramchurn, & Jennings, 2012). By
designing systems that provide easy ways to keep track of their
current consumption, family members could gain a greater control
by understanding how their behaviors impact the energy bill. A
similar result could be achieved by allowing family members to
define limits and goals they want to accomplish with respect to
eco-friendly behaviors. As they explore the system, suggestions
could be presented to assure that they meet these goals.

Finally a motivation that was not previously found at the indi-
vidual level referred to self and family identity, which showed to
tap into motivations of family members, either associated with
practices learnt from previous generations or lifestyle ideals (like,
for example, avoiding wasting energy because this is something

one cares about). The study discovered certain conflicts among
family members, which referred to inconsistencies between goals
and actual behaviors to complete those goals or even criticisms
of how they used specific devices, as for example: family members
who would be report cost to be a concern but then would not be
careful about their daily behavior, for instance would turn on the
television in different household divisions even if alone at home.
This suggests the existence of incompatible goals and needs of
individual members and the family as a group. Therefore, eco-
friendly systems should support expectations’ negotiation among
the family members through connecting individual motivations
to the family core aspirations. Such systems could help to deter-
mine, which rules families want to maintain and which to discard.
For example, a system could support families in transferring habits
learned from previous generations in order for their children to be
introduced to the desired family identity. It could be achieved by
demonstrating the efforts their ancestors had to make in order to
have clean water or energy in their homes. Additionally, the sys-
tems could suggest ways the behaviors in the family could be
adopted without compromising current needs, the environment
and even respect their family’s identity, as a result of what they
learned from their ancestors practices.

This research raises a number of questions:

Families integrate diversified interests, which are reflected in
the motivations and actual energy consumption management.
First, how can we design systems that combine conflicting motiva-
tions among different family members? Systems need to only to
have the intelligence in inferring the latent motivations of use,
but also the flexibility to accommodate the complex and dynamic
routines and goals of usage within families.

This paper inquired into families’ motivations for pro-environ-
mental behaviors through interviewing 15 families who had been
exposed to an eco-feedback interface over the period of 2 years.
We found new motivations not reported before, associated with
the need for parents to educate, set the example or even exercise
discipline on their children by enforcing sustainable behaviors. In
addition, we found families build their own identity based on cul-
tural references and behaviors they learnt from previous genera-
tions. Furthermore we found families are motivated to learn
more about their energy consumption practices in order to feel
in control in reducing their utility bills.

We showed that motivations were influenced by the type of
family, namely, household size, age of children or not having chil-
dren at all. In addition to the type of family, priorities and immedi-
ate needs defined how such motivations were translated into
actions, which ones were pursued and how flexible family mem-
bers were to change such practices. For instance, motivations were
established not only with respect to environmental concerns or
financial motivations, but also as a way to achieve individual sense
of control and security, enhance parents’ perceived parental roles
and responsibilities as well as reinforce family identity. As stated
previously, families face complex challenges in terms of behavior
change. Sustainable behaviors require from them the negotiation
of expectations that might become contradictory with the individ-
ual motivations. Perceiving how such differences impacted their
daily routine provided a number of guidelines to be appropriated
when designing systems supporting behavior change in the con-
text of sustainability.
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