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Abstract: Stimulating consumers to save water is a challenge and an opportunity for water demand
management. Existing ICT systems for behavioural change often do not consider the underlying
behavioural determinants in a systematic way. This paper discusses the design of the behavioural
change and incentive model combining smart meter data with consumption visualisation and gamified
incentive mechanisms to stimulate water saving. We show how the design of such a system can be
related to a holistic behavioural change model and how this systematic mapping can inform the design
of an integrated incentive model combining different incentive types (virtual, physical, social). The
model is implemented in the SmartH20 system and deployed in two pilots. We present the preliminary
results for the Swiss pilot, which indicate reduced water consumption, positive user feedback and
overall suitability of the designed incentive model.
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1 INTRODUCTION

Enabling new ways of water demand management through ICT has become a major challenge for
supporting water efficiency. Different strategies are being explored to address this challenge, ranging
from the use of efficient water flow devices and new adaptive pricing policies, to awareness
campaigns for sustainable water consumption (Stewart et al., 2010) and the analysis of smart meter
data for demand profiling (Cominola et al., 2015). The investigation of new approaches to saving water
becomes even more important when considering the significant energy impact of urban water systems
and water use in particular, identified by systemic approaches to the modeling and analysis of the

water-energy nexus (e.g. Kenway et al., 2015).

Even though large savings can be gained by having consumers buy and install efficient appliances
(e.g. water-efficient washing machines), as well as through structural improvements to houses (e.g.

installation of a dual water system), these decisions are taken sporadically, have significant financial
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impact, and are difficult to anticipate and influence. Therefore, water utilities are increasingly
attempting to influence the habitual behaviour of consumers towards improving water consumption.
Water saving through consumer behaviour change has been traditionally addressed with awareness
campaigns (Russell & Fielding, 2010; Seyranian, 2015) and financial incentives (Jorgensen et al.,
2009). Recent efforts explore the visualisation of consumption data (Fielding et al., 2013) and game-
like approaches for engaging users in water saving (Wang & Capiluppi, 2015). Previous studies of
awareness campaigns report savings of 5-10% (e.g. Fielding et al., 2013; Ferraro & Price, 2013), but
also point out a number of issues regarding the sustainability of the achieved behavioural change (e.g.
rebound effects). As demonstrated in a large-scale trial by Ferraro & Price (2013), personalized
mailings with appropriate motivational elements (e.g. social norm messages extended with social
comparison) can significantly impact the effectiveness of such approaches. Yet, even in such
successful trials, the effectiveness of such messages decreased over time.

Determinants and processes of behavioural change for environmentally conscious behaviour have
been extensively studied in environmental psychology (e.g. Steg & Vlek, 2009) and persuasive
systems (e.g. Oinas-Kukkonen, 2013), but the influx of these findings into the development of ICT-
systems for water saving has been rather limited. In particular, little work has been reported that
systematically builds the design of a system and associated incentive model on a theoretically-
grounded model and subsequently validates it in real-world pilots. At the same time, some trials with
direct feedback systems have reported water savings of up to 22-27% (Tiefenbeck et al., 2016, Willis
et al., 2010), indicating a large potential of such solutions. However, research in both the water and
the energy domain suggests that consumption feedback alone is incapable of inducing a durable
change of behaviour (e.g. Schultz et al., 2014; Nachreiner et al., 2015; Fréjus & Martini, 2016).
Similarly, while game-like motivational mechanisms have been successfully applied to influencing user
behaviour in different domains (e.g. Sintov et al., 2015), the use of gamification for stimulating water
efficiency has been limited and its effect is scarcely documented in scientific literature (Galli et al.,
2015).

In this paper we discuss the design of a behavioural change system and of the associated incentive
model to induce a sustainable change in water consumption behaviour. The model combines smart-
meter based consumption visualisation with gamified incentives to stimulate water saving. We show
how the design of such a system can be systematically related to a holistic behavioural change
process model to obtain an integrated incentive model combining different types of incentives (virtual,
physical, social), adapted to the characteristics of two different pilot types (small-scale, large-scale).
We illustrate the model by describing its implementation, deployment and evaluation in a real-world
setting. We report on the first results from a small-scale pilot, including impact on water consumption,
analysis of platform activity and evaluation with end-users’.

! This paper is a thoroughly revised and extended version of the paper “Behaviour change and incentive
modelling for water saving: first experiences from the SmartH20 project” presented at the 8th International
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2 ICT-ENABLED SYSTEMS FOR RESIDENTIAL WATER SAVING

While in the energy domain different behavioural change systems have been explored, ICT-based
systems that stimulate water efficiency in households are much less investigated (Tiefenbeck, 2014).
The progressive adoption of smart meters by water utilities has recently increased the attention for
such systems. They visualize consumption data from smart meters to provide consumption feedback
to users and raise their awareness about water consumption (e.g. Froelich et al. 2012). In this section
we review existing solutions, and outline the contribution of the SmartH20 approach to the knowledge
about smart meter-enabled behavioural change systems. One class of systems provides consumption
feedback at the level of an individual appliance through a device that is directly attached to it, and is
based on the assumption that feedback is most effective when delivered close to the cause of the
consumption (Kappel & Grechenig, 2009). Examples include a "Waterbot" that displays water
consumption at the tap in the kitchen (Arroyo et al., 2005), a shower display, which visualizes
consumption with coloured LEDs (Kappel & Grechenig, 2009) or a "Shower Calendar” showing the
water consumption of household members on a calendar display in the shower (Laschke et al., 2011).
Similarly, the Amphiro on-shower device combines in-shower visualisation with reports viewable on

web-based and mobile apps (Tiefenbeck et al., 2014, Tiefenbeck et al., 2016).

Other systems present water consumption data at the level of the household as a whole, through in-
home displays, web-based or mobile apps. Such systems feature reporting functionalities for both
end-consumers and water utilities. A prominent example is WaterSmart (WaterSmart, 2016), providing
a software service for utilities, allowing customers to compare their consumption against neighbours
and like-sized homes on the basis of interactive (web, mobile) and paper-based monthly reports,
including water saving tips and incentivizing use through rebates (from water suppliers). Their recent
pilot in a Californian district reported about 5% savings per household (Mitchell et al., 2012). Progress
on disaggregation algorithms is about to enable a reliable breakdown of water consumption at the
appliance level without requiring special sensors (e.g. Nguyen et al., 2013), paving the way for future

applications with fine-grained feedback that may further increase water saving rates..

Several on-going EU projects follow similar approaches with some differences. The SmartH20 project
(Rizzoli et al, 2014) differentiates itself through daily consumption feedback and integrated gamified
incentive model (discussed in this paper), going beyond social comparison and rebates of
WaterSmart, and combining visualisation and saving tips with personal, social, virtual and physical
rewards (Section 4). Several other efforts are worth noting, even if they have not yet reported details
of their approaches or results in scientific literature. The WATERNOMICS project focuses on
integrating personalized feedback on water consumption, sensor data and fault detection algorithms,
and enabling dashboards and decision support systems for water saving (Clifford et al., 2014;
Chambers et al., 2015). The WISDOM project aims at behavioural change through near real-time

water consumption feedback on an in-home display and a digital game (Terlet et al., 2016).

Congress on Environmental Modelling and Software Toulouse, France, Sabine Sauvage, José-Miguel Sanchez-
Pérez, Andrea Rizzoli (Eds.) http://www.iemss.org/society/index.php/iemss-2016-proceedings
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Even though limited in size, number and duration of trials, evaluations of such systems provide
encouraging results on the perceived usefulness of different types of displays and feedback (e.g.
Froehlich et al., 2012). Only few evaluations address the impact on water consumption. As an
exception, Willis et al. (2010) report a 27% water consumption reduction after deployment of shower
alarms alerting household members when using more than a set amount of water, though in a rather
short pilot (two-weeks pilot with 44 households). Most recently, Tiefenback et al. (2016) have reported
a 22% consumption reduction after deployment of on-shower devices with real-time feedback on water
and energy consumption in a large-scale field experiment (697 households). These are promising
results, even though long-term impact is unclear, due to the limited duration of the trials and possible
rebound effects after the interventions. Similarly, while approaches to engaging consumers through
game-like motivational mechanisms in non-game contexts (gamification) have been widely explored in
the energy domain (e.g. Sintov et al., 2015), the use of gamification in the water sector has been so
far limited and scarcely documented in academic literature (Galli et al., 2015). Two recent examples
are the aforementioned projects WISDOM, developing a virtual game for water saving (Terlet et al.,
2016) and WATERNOMICS, which envisions “games and interactive learning applications” for water
saving (Clifford et al., 2014). However, for these projects neither the system implementation, nor an
evaluation of the impact on water consumption have been published yet. A systematic grounding in a

behavioural change process also hasn’t been available.

The addressed systems are often based on the premise that feedback will increase ‘awareness’,
which in turn will induce a change in behaviour. However, recent studies give rise to doubts about this
single-focus behavioural change strategy. Smart metered feedback alone has proven to be incapable
of inducing a sustainable change in user behaviour (Nachreiner et al., 2015) as effects have shown to
decay over time (e.g. Fielding et al., 2013). Moreover, none of the existing systems for stimulating
behavioural change for residential water saving derive their design and incentive modelling from a
systematic, theoretically informed behavioural change model. In this work, we attempt to support
sustainable reduction of water consumption by designing a behavioural change support system that is
grounded in the findings from environmental psychology, motivation theory and behavioural change

process modelling in a systematic manner.

3 MODELLING THE BEHAVIOURAL CHANGE PROCESS FOR WATER SAVING

Our approach aims to stimulate consumers to save water by changing their water consumption habits
through their interaction with a behavioural change support system (BCSS), defined as “a socio-
technical information system [...] designed to form, alter or reinforce attitudes, behaviours or an act of
complying without using coercion or deception” (Oinas-Kukkonen, 2013, p. 1225). Accordingly, we
presume a change in water consumption behaviour to occur when underlying psychological
determinants are changed as a result of a combination of different motivational and persuasive
strategies. We also model behavioural change as a multistage process (as considered in other

domains).
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Accordingly, an effective system for stimulating change in water saving behaviour needs to support all
phases of the behavioural change process with an integrated incentive model that combines different
incentive types matching the different phases. Research has shown that water consumption behaviour
is affected by a multitude of psychological, demographic, climatic and economic factors. However, a
behavioural change support system is only capable of influencing the psychological factors
(determinants). Generic behavioural change models such as the Theory of Planned Behaviour (TPB,
Ajzen, 1991), and water consumption-specific models (e.g. Jorgensen et al., 2009) highlight the
determinants that have to be changed to induce a sustainable reduction of water consumption.
Applied to water consumption, TPB postulates that beliefs (based on knowledge about water),
attitudes (positive or negative evaluation of these beliefs), the subjective norm (perceived social
pressure) and behavioural control (the user’s belief that s/he can save water) predict whether a user is
willing to engage in water saving action (e.g. behavioural intention). Behavioural intention is in turn a

predictor of water saving behaviour.

In environmental psychology and behavioural change systems attempts have been made at modelling
the behavioural change process. Empirical evidence from evaluations of behavioural change
interventions demonstrates the existence of an ‘intention-behaviour gap’. This refers to the lack of a
relationship between a favourable behavioural intention and the desired behaviour (Bamberg, 2003).
Rather than just targeting behaviour determinants, research on effective behavioural change
interventions is focused on the behavioural change process. One of the most influential models is the
trans-theoretical model for behavioural change (Prochaska & DiClemente, 1992; Prochaska et al.,
2008) developed in the health domain. It models behaviour change through five consecutive phases:
from raising awareness (‘precontemplation’) to eventually creating new habits. While some attempts
have been made at modelling behavioural change processes for pro-environmental behaviour in
general (e.g. Dahlstrand & Biel, 1997; Bamberg, 2003), the trans-theoretical model has not yet been
applied to the context of household water saving behaviour. In the following, we describe how we have
applied and adapted the trans-theoretical model for behavioural change to match the cognitive and

motivational processes of water consumption.

3.1 A multistage process for behavioural change in water consumption

In doing so, we draw on motivational theory to introduce phase-specific motivational goals (following
Ai He, 2010), and issues, thus emphasizing the key role of motivation to drive behavioural change in
water consumption. Furthermore, we acknowledge that the behavioural change process is not
completely linear, as users can and will relapse to earlier phases. Third, following Noél (1999), we
postulate that users progress gradually from one stage to the other, rather than phases being sharply
separated. Finally, the pre-action and action phase are merged, arguing that the promoted change of
behaviour is relatively small, and involves too little (or no) planning to justify a separate phase (in
contrast to behaviours for which the model was originally developed). Table 1 outlines the character of
the individual behavioural change phases and the main issues that need to be addressed in each

phase in order to stimulate a change in behaviour.
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Table 1.Multi-stage behavioural change process model for water saving (phases, goals, needs).

BEHAVIOURAL PHASE & STATE

MAIN ISSUES & NEEDS

Pre-contemplation:
People are unaware of the need for
behavioural change; no intention to

change their behaviour

Motivational goal:
"Plant the seed” to acknowledge

problematic water consumption behaviour

* Moving from habits to active thought. Habits are automatic behavioural
tendencies that arise as a result of repetition and practice of actions in similar
situations (Ouellette & Wood, 1998). Habits have a strong influence on water
consumption behaviour (Jorgensen et al., 2009; Fielding et al., 2012).
“Unfreezing” these habits is important (Dahlstrand & Biel, 1997), since water
consumption is predominantly habit-driven and users first need to be
motivated to expose themselves to information about their consumption.

* Negative environmental consequences of consuming too much water need to
be visualised. Corral-Verdugo et al. (2003) have demonstrated that ecological
water beliefs (for example about water being scarce) encourage consumers to
save water, while beliefs that claim water to be an unlimited resource have an
adverse effect. Interventions can build on this by visualising the relationship
between consumption and the impact of that consumption, which is expected
to influence underlying beliefs.

» Social norms are unclear or negative. Users are unaware about current
descriptive and injunctive social norms, or the current norms are negative. The
descriptive norm refers to the prevalence of water saving behaviour, while the
injunctive norm refers to the social approval for saving water in a group
(Schultz et al., 2014). Social norm strategies have been found effective in

various resource conservation studies (Abrahamse & Steg, 2013).

Contemplation:

People are aware of the need for change,
and intend to act; the
consideration/identification of appropriate
actions and their benefits can result in

postponing the behaviour

Motivational goal:

Tip the balance in favour of change

* Provide factual knowledge about water. In this phase, factual knowledge about
water consumption and water behaviour can contribute to more positive
attitudes towards saving water. This knowledge deficit approach assumes that
behavioural change will incur when a lack of knowledge is filled and a user
accepts his own responsibility (Burgess & Harrison, 1998).

* Emphasize limited impact on hedonic values. Goal framing theory (Lindenberg
& Steg, 2007) suggests that it is important to demonstrate that hedonic values
(to e.g. comfort and enjoyment) are not impacted by water saving actions, or
that personal gains can be achieved in exchange for only a slight reduction of

comfort (e.g. reducing shower time by one minute).

Action:

People start taking small steps through
first actions; need to be prevented from
slipping  back, requiring continuous

reinforcements

Motivational goal:

Reinforce sustainable water consumption

* Increase perceived behavioural control. Survey research has demonstrated
that in the Sydney area 31% of the respondens were unaware of how to save
water, suggesting that users should be provided with actionable tips to save
water (Randolph & Troy, 2008).

* Provide positive reinforcements. In line with classical reinforcement theory
(Skinner, 1957) positive reinforcements with social, virtual or physical rewards

water are expected to keep users engaged with water saving.

Monitoring:
people have changed their behaviour;
need to be aware of situations that may

slip them back to old behaviour

Motivational goal:
Maintain durable intrinsically motivated

behaviour change in water consumption

* Build new habits. This phase should be focused on internalizing the new
behavior into new habits, and that it becomes part of the individual’s self. In
terms of self-determination theory (Deci & Ryan, 1985) users need to become
intrinsically motivated to save water, without relying on external rewards.

» Keep engagement. In this phase, it is also important to keep users engaged
with water consumption. Ai He et al. (2010) — in the context of energy
behaviour — suggest to keep a cycle of interest, curiosity, challenge, feedback,

and enjoyment. This cycle reflects the incentives provided in SmartH20.
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Note that the names of the “pre-contemplation” and “contemplation” phases should not be taken
literally, but considered as a figure of speech. Users do not necessarily need to explicitly rethink their
beliefs and attitudes towards water saving, and are likely to do so rather unconsciously or with little
dedicated attention, through exposure to different types of incentives and usage of the system. But in
both cases the phases do entail some cognitive attention to issues involved and different user types

will vary in the extent of cognitive engagement over the behavioural change process.

Table 1 demonstrates that an effective incentive model for a behavioural change system for water
saving should support a wide range of different motivational affordances, i.e. properties of the system
that will appeal to different types of motivational needs (Zhang, 2008). An appropriate incentive model
should also acknowledge that needs are not stable, but evolve over time, depending on the phase of
the behavioural change process. The phases, goals and needs of a multi-stage behavioural change
process model for water saving described in the table thus form the basis for a concrete design and

implementation of incentive model elements and mechanisms, described in chapter 4.

3.2. Pragmatic and hedonic affordances

Before proceeding to the specific incentive model and system design addressing the described
behavioural change model, one additional consideration on the affordance requirements for such an
incentive and system design is needed. The existing behavioural change models (including the trans-
theoretical model) tend to focus very strongly on the rationality of human behaviour. However, much
research in the field of interactive systems has shown that affective and hedonic aspects (e.g. “joy of
use”) play an important role both for the acceptance and motivation for use of interactive systems and
applications. Given the generally low awareness and involvement of consumers with the topic of water
consumption in general, and specifically regarding the need and possibilities to reduce it, such non-
rational behavioural drivers can provide important means for motivating the use of a behavioural

change support system for saving water.

A well-known perspective considering such motivational affordances differentiates between hedonic
and pragmatic aspects that motivate the use of a product or system (Hassenzahl 2004; 2008).
Pragmatic aspects relate to the user’s need to fulfil a specific task or achieve a goal, while hedonic
aspects (joy of use) are related to the user’s need for stimulation, novelty and challenge, or expression
of identity. Approaches taking up this perspective tend to divide computer systems between “utilitarian
systems” emphasizing the functional (task-related) aspects, and “hedonic systems” focusing on the
user experience, i.e. the user’s self-fulfilment in using the system (Van der Heijden, 2004). In
utilitarian systems users are motivated to use the system with the expectation of a reward or benefit
external to their interaction with the system, while hedonic systems support activities in which users

are intrinsically motivated by the enjoyment of the interaction with the system as such.

Hedonic motivations include the stimulation of users by system novelty or by enabling them to

communicate important personal values to others through displaying their usage of the system
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(Hassenzahl, 2004, p. 322). Accordingly, the primary design objective of utilitarian systems is their
effectiveness in accomplishing a specific task, whereas for hedonic systems it is the user’s enjoyment,
leading to continued use of the system (ibid). Measuring pragmatic and hedonic qualities of a system
is thus a way to assess how well the system design fits the respective purpose, and specific
questionnaire designs have been demonstrated to measure such qualities in a reliable way
(Hassenzahl 2004; 2008). Thus, consciously designing a system for specific kinds of pragmatic and/or

hedonic qualities can provide important motivational affordances for system usage (Zhang, 2008).

The distinction between hedonic and utilitarian systems has been frequently presented as a dichotomy
in the literature, but some studies have pointed out that a class of systems exists that inherently
combine the two aspects (e.g. Novak & Schmidt, 2009). We argue that such a more balanced view
should also be applied to the design of behavioural change support systems for water saving.
Achieving water saving is a task that needs to be supported with appropriate functional means to
achieve it (e.g. water saving tips). To motivate prolonged system usage, using the system should
provide sources of “enjoyment” for the user. Accordingly, both the system design and the elements of
the incentive model to motivate system usage should consider both pragmatic and hedonic aspects.

4 DESIGN OF THE INCENTIVE MODEL FOR WATER SAVING IN THE SMARTH20 SYSTEM

The incentive model has been constructed within the setting of the SmartH20 project that has been
set up to address real-world challenges of utilities and municipalities to reduce water demand as part
of their long-term strategy regarding infrastructure planning and environmental responsibility. The
developed incentive model and the design of the behavioural change system thus provide points of
departure that are applicable beyond the context of this specific project. The developed incentive
model fuses insights from three different sources (Figure 1): a literature analysis of the state-of-the-art,
an assessment of user needs (‘user pull’), and alignment with both technical ambitions to leverage the

potential of smart metering and technical feasibility (‘technology push’).

Requirements
specification

State-of-the-art

Technology push User pull

Figure 1. Design process combining “user pull” and “technology push”.
In the user pull phase, user needs are elicited and tentative requirements are iteratively evaluated with
stakeholders. In the technology push phase, technological (project) objectives and scientific
challenges with respect to environmental modelling and smart meter-based feedback systems are

aligned with technological and practical constraints. This ultimately leads to the specification of
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technical use cases and associated functional requirements. The resulting incentive model for

applications to stimulate water saving in households employs multiple motivational mechanisms

orchestrated to reinforce each other and to cover all phases of the behavioural change process. These

include interactive consumption visualisations, water saving tips, goal setting, different types of

gamified incentives (personal, social, virtual, physical) and a hybrid physical-digital card game. The

roles of these elements across the behavioural change process phases are outlined in Table 2.

Table 2. Incentive model elements with respect to behavioural change phases.

Functionalities Pre-contemplation Contemplation Action Monitoring
Interactive Mechanisms Mechanisms Mechanisms Mechanisms
visualisation * Raise awareness through water * Water consumption » Water consumption | ¢ Water

and monitoring
of water

consumption

consumption feedback

* Enable social comparison with
neighbourhood averages

» Highlight negative consequences
by visualising longer-term effects

* Unfreeze habits by increasing

knowledge on water consumption

feedback makes
users more favour-
able towards saving
water

* Green and red flash
lights indicate the
right thing to do

statistics consumption
demonstrate statistics
necessity to start demonstrate

saving water now necessity for
actions to save

water

Motivational affordances

* Visualisations designed for hedonic quality increase engagement with saving water

» Daily feedback continuously raises attention to water consumption during behavioural change process

Water saving tips

Mechanisms
* Tips increase user’s responsibility:

what can the user do to save water?

Mechanisms
* Actionable tips to save water give a

sense of control over own consumption

Motivational affordances

* Points are awarded for viewing tips and videos (see virtual/social/physical rewards)

Virtual, social, and

physical rewards

Motivational affordances

» Gamified elements continuously reinforce user engagement with water saving

* Points, badges and being on the leaderboard offer a sense of achievement,

» Leaderboard enables social comparison with other users, and appeals to users’ need for competition

* Physical rewards engage users who are less appealed by game elements

Setting water
consumption

goals

Mechanisms
* Self-set goals create commitment to
saving water / repeatedly achieving

saving targets fosters new habits

Motivational affordances

* Points for setting and achieving goals

Hybrid digital and
card games
(Drop! The

question)

Mechanisms
* Quiz questions raise awareness,
increase knowledge and thinking

about water within the household

Mechanisms
* Game roles establish
the norm: saving water

is right thing to do.

Mechanisms
» Saving tips give a
sense of control of

their consumption

Motivational affordances

* Fun-of-use of the game increases household engagement with water saving

* Game enables social learning between family members and motivates to use the SmartH20 portal

The water consumption visualisations are designed to raise awareness about water consumption and
point out the consequences of the current behaviour in early phases of the behavioural change

process. In later phases, continuous feedback helps to keep the user’s attention. Water saving tips
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aim at facilitating the transformation of favourable attitudes towards water saving into concrete actions.
Gamified virtual, social and physical rewards can motivate users by appealing to basic human needs,
such as a sense of achievement and competitive comparison. Rewards help to reinforce positive
water saving behaviour. Goal setting provides users with a sense of achievement, increases
commitment and helps establish new habits. Finally, the hybrid physical-digital card game extends the
reach to the whole household, by first creating awareness in the whole family, subsequently giving tips

to save water and then using the game playing to nudge the family into using the resulting application.

4.1 Interactive visualisation and monitoring of water consumption

The use of visualisation as a means of stimulating behaviour change for natural resource conservation
(e.g. water and energy) has been investigated by different approaches (e.g. Froehlich at al., 2012). Its
effect on user behaviour can be attributed to consumption visualisations influencing underlying beliefs
and attitudes towards water saving (Fielding et al., 2012) and their impact in the different behavioural
change phases (Table 1, Table 2). Consumption feedback has the potential of appealing to the user’s
need for achievement in the sense that a well-visualized decrease of water consumption levels feeds
the user’s feeling of accomplishment (e.g. need achievement theory, Atkinson; 1960), as well as the
user’s feeling of autonomy (self-determination theory, Deci & Ryan, 1985). However, the positive
effect of feedback should not be taken for granted, as rebound effects have been found (e.g. Fielding
et al., 2013 for water; Abrahamse et al., 2005 for energy) and problems with user engagement have
been diagnosed too (Buchanan et al., 2015).

While different approaches have employed different types of visualisations with varying success
(Micheel et al., 2015) in both the water and the energy domain, a systematic approach incorporating
the lessons learned has not yet been reported. In Micheel et al. (2015) these lessons have been
synthesised into design guidelines for consumption visualisation for behavioural change in both

domains. Table 3 summarizes the guidelines from this synthesis that guided our visualization design.

Table 3. Guidelines for consumption visualisation for behavioural change (Micheel et al., 2015).

DESIGN GUIDELINES FOR CONSUMPTION VISUALISATION TO SUPPORT BEHAVIOURAL CHANGE

. Present interactive layered visualization (simplest by default)

. Use visual metaphors relating to user’s consumption context

d Present separate views for less vs. highly data-affine users

. Overview of consumption should trigger awareness, and detailed information should point out concrete actions
. Units and analogies should illustrate consumption and saving

. Showing consumption rather than smaller savings can raise awareness

d Goals should be related to concrete actions users can perform

. Feedback on consumption should be action-oriented and include saving tips embedded in the visualization

. Real rewards should engage even more pragmatic users

. Separate views for pragmatic & hedonic users should be considered

. Common goals have the potential to bring e.g. neighbors closer: foster in-group collaboration, intra-group competition

In the resulting incentive model, water consumption visualisation has two elements (Figure 2). The first
one visualizes the user’s water consumption as bar charts (Figure 2,a), over different time spans. It

includes the average consumption level of their neighbourhood (social comparison). In a first version
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the second element was an overview visualisation showing daily and monthly consumption compared
to one’s average in a meter metaphor (Figure 2,b). In a second version, this visualisation was replaced
with a water pipe metaphor (Figure 2,c) to support more immediate cognitive mapping to the water

topic and reinforce water awareness (following guidelines from Micheel et al., 2015).

Accordingly, this visualisation displays user’s water consumption levels in a pipe filled with water,
accompanied with goal setting and monitoring functions and a visualisation of consumption effects
(Figure 2,c). The historical baseline value depicted with a dashed line provides a point of reference for
the consumed quantity (historical comparison). Users are encouraged to save water with the display of
water consumption levels that are 5%, 10% and 15% below the baseline consumption. Benchmarks
for comparison are important, as they allow users to judge if their consumption is “normal”, excessive
or economical (Froehlich, 2012), attributing meaning to their behaviour. The green or red light on top
of the water pipe also gives an injunctive normative message. If consumption is lower than the
historical base value, the light is green and a positive reinforcement message is displayed. Norm-
based strategies have been found to be effective for inducing behavioural change in water
consumption (e.g. Katz et al., 2016; Seyranian et al. 2015). If consumption is higher than the historical
value, a red light and a warning message are displayed. The effect of current consumption
extrapolated over a year is also displayed as a number of swimming pools filled with water (Figure 2,
c). This can raise awareness about the negative consequences of the current behaviour, which is

considered important to support the pre-contemplation phase (Bamberg, 2003).

HOUSEHOLD CONSUMPTION HOUSEHOLD CONSUMPTION
\at Detailed consumption

verview 4d Detailed consumption @ Overview

20161@ @ neighborhood average © DAILY CONSUMPTION MONTHLY CONSUMPTION

ettt e span o obser an Al
0.573 m3 [EEREERERES Monihy ol

ten  mn  zn 2w ew  2m  Xn  Lfe ke sk

«Clckon b o

o1 rab
oo [ 5

Well done! Well done!
SSSS i Keep your curent water saving effors Kkeep your current water saving effors

HOUSEHOLD CONSUMPTION

4 Detailed consumption @ Overview. Display consumption for| Dy v

Well done! This s how much you would use in 1 year with yor
keep your current water saving efforts Stietcaveises

9,1 private pools

Figure 2. Interactive water consumption visualisation and monitoring: a) detailed consumption,

b) consumption overview v1 (meter metaphor), c) consumption overview v2 (pipe metaphor).
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4.2 Reinforcements through virtual, physical and social rewards

The incentive model exploits gamification to increase awareness and engagement with water
efficiency. Studies in the structurally similar domain of energy consumption have shown that
consumers’ engagement with energy feedback is problematic, and possibly dissipating over time
(Buchanan et al., 2015). Gamification, i.e. the use of game design elements in non-game contexts
(Deterding et al., 2011), can be used to increase engagement throughout the behavioural change
process. Gamification appeals to the basic human needs of competition, achievement, social status,
and the need to collect (Basic desires theory; Reiss, 20002). Little attention has so far been paid to the
potential of gamification to support behavioural change for water saving. However, studies in the
energy field have shown that not only real prize-like rewards, but also gamified social interaction can
foster behaviour change through competitive and cooperative approaches (see overview in Micheel et
al., 2015). Gamification is also expected to increase the hedonic quality of a product (e.g. Hassenzahl,
2004; 2008), offering a stimulating and fun experience to the users. In their research the authors have

found that these hedonic attributes are strongly related to its quality, as perceived by the users.

The SmartH20 incentive model awards points and badges for specific user actions, while a
leaderboard is used to prompt competition and comparison between users (see Figure 3). It is
designed to appeal to both intrinsic and extrinsic motivations. Intrinsic motivation is stimulated by
allowing users to show their ability to themselves and to others (need achievement theory3, Atkinson &
Litwin, 1960). Points (virtual rewards) are given and displayed for various actions. They can be
collected in four different thematic areas: water saving (reducing consumption), water efficiency
education (e.g. reading tips, watching videos), profiling (providing details about e.g. the household
composition) and participation (e.g. posting results to social networks). Achievement is recognized by
awarding thematic badges (e.g. when users reach the first 1000 points in the water saving area, they

get the “smart saver’-badge). Table 4 outlines the badges per thematic area.

Table 4. Badge levels per thematic area.

Badges Badge icon Level 1 Level 2 Level 3
Water saving , Beginner saver | Advanced saver Super saver
Water saving insights fl} Smart saver Expert saver Guru saver
Profiling ‘) Beginner profiler | Advanced profiler | Super profiler
Participation E Engager Influencer -

g Basic desires theory identifies sixteen basic desires that guide a large part of human behaviour (Reiss, 2000). It
states that these desires motivate people’s actions and define their personalities (ibid.). The desires are the need
for approval, learning, food, raising children, loyalty to traditional values, social justice, independence, organized
environments, physical activity, power, romance saving and collecting, social contact, social status, safety, and
competition.

Need achievement theory states that achieving success and avoiding failure are separate motives that guide
human behaviour in order to demonstrate to oneself or to others high rather than low ability (Atkinson, 1960).
People highly motivated to succeed prefer tasks of intermediate difficulty but if the motive to avoid failure is
stronger, people tend to prefer either very simple or very difficult tasks (Atkinson, 1960; Richter et al., 2015).

12



721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
7
778
779
780

/ Integrating behavioural change and gamified incentive modelling for stimulating water saving

Both badges and the weekly leaderboard afford social comparison, a recognised driver for behavioural
change. Furthermore, appealing to the basic desire for competition (Reiss, 2000), competition
between users is encouraged by displaying top achievers on weekly and overall leader-boards.
Extrinsic motivation is encouraged with physical rewards, by engaging users in a challenge that can
be organized in two versions, matching different pilot scales and business constraints.

In the first type of challenge, physical rewards are awarded when a user has collected a certain
number of points. In the second type of challenge, rewards are allocated by means of a periodic
competition (e.g. top users on a weekly leaderboard are designated as winners of the weekly prize).
The rewards awarded by achieving a set number of points consist of the Drop! card game and water
saving gadgets (e.g. efficient shower heads), as shown in Table 5 (in our case this type of rewards

has been applied for a small-scale pilot; see Chapter 6).

ALPHATEST g )
sHa& ad i
& consum ption O Tips # Household profile
7 DAYS LEADERBOARD OVERALL RANKING
Michael Aubrey
r@ 9,250 Points r@ 20,800 Points
= Samantha o Olivia
Q 9,000 Points fQ 16,850 Points
Victoria Ava
a (@\ £,900 Points a ,@w 15,550 Points
Jayden Chloe
r@, 8,900 Points Q 15,400 Points
@ Anthony @ Victoria
=  8.850Points = 14,050 Points

Figure 3. Weekly and overall leaderboard.
The set-up with bigger and smaller rewards affords different patterns of behaviour. New users may
claim a smaller reward right after collecting a small number of points, which rewards their initial
engagement with the system and at the same time gives them an educational game, purposely
designed to increase their attitude towards saving. Other users who are driven by the need for
collection (Reiss, 2000) can continue to collect points until they qualify for more valuable rewards that

are also more difficult to achieve,.

Table 5. Rewards available and points needed for redemption in a small-scale pilot.

Reward Points

Drop! Board game. Drop! Board game for all ages. Learn more about water consumption with Lily 50
and the Monster.

Push. When installed, pushing the “Push”-button reduces tap water consumption by 50%. 21000
Cascade. Cascade permanently reduces tap water consumption by 50%. 21000
Ecobooster Showerhead. The Ecobooster switches the water consumption of your shower to eco- 25000

mode with a simple button.

Shower LED. This LED light shower sets the mood with seven different colours that change 60000
automatically and independently of the water temperature. No battery necessary.

Amphiro b1. The Amphiro b1 gives real-time consumption feedback in the shower on the used water | 80000
and energy and the current temperature. It sends the information via Bluetooth to users mobile device.
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Point-based achievement rewards are suitable for smaller scale pilots only, because all users could in
principle attain all rewards, which induces costs that may quickly get prohibitively high in large-scale
deployments. For this reason the alternative competition-based reward scheme is also supported.
Initial engagement is encouraged by granting a reward (the Drop! card game) after a small amount of
initial user activity. To encourage ongoing engagement, additional rewards (e.g. museum tickets) can
be assigned on a periodic basis(e.g. weekly) only to the top user on the periodic leaderboard. Finally,
a number of “big” prizes (such as tablets) can be awarded at the end of the competition timeframe.
Finally, a small number of “big” prizes (high-end tablets) are awarded at the trial's end. This periodic
competition scheme safeguards economic constraints on large-scale pilots, because it puts a cap on
the maximum number of rewards that must be available. The mix of periodic and final rewards
encourages users to remain continuously active in both the short and the longer term. This
acknowledges the reinforcement theory (Skinner, 1957; Richter et al., 2015)4, which demonstrated the
need for continuous reinforcement to maintain the change in behaviour until new habits have been

formed, as a final result of a user’s intrinsic motivation (Deci & Ryan, 1985).

inal prize 50 points 21000 points
Amphiro b1 Drop! Push

Amphiro b1
The Amphiro b1 gives you real-time consumption feedback in the shower on the used
1 water and energy amount and the current temperature, and sends the information via
1 . Bluetooth 4.0 to your mobile device

n
Jo
-

\ See product website

Figure 4. Claiming physical rewards in the small-scale pilot.

4.3 Setting water saving goals

Even though self-setting goals have shown promising results in energy consumption (e.g. Abrahamse,
2015), this mechanism has received less attention in the water domain. Goal setting provides users
with a sense of achievement (goal-setting theory, Ling et al., 2005)5, and increases commitment

towards saving water, while supporting the formation of new habits. In the SmartH20 application,

4 According to Skinner (1957), an individual's behaviour with negative consequences tends not to be repeated as
people generally seek out and remember information that provides cognitive support for their pre-existing
attitudes and beliefs. Skinner noted that continuous reinforcement establishes desired behaviours quicker than
partial reinforcement. However, once the continuous reinforcement is removed, the desired behaviours extinguish
fast (Richter et al., 2015). The reinforcement theory explains the motivation to perform actions or behaviours that
lead to extrinsic rewards.

2 Goal Setting Theory claims that difficult, specific, context-appropriate, and immediate rather than long-term
goals, are drivers of high achievements (Ling et al., 2005). A goal is perceived as what the individual is trying to
accomplish by directing attention, assembling effort, increasing persistence and belief in ability to complete a task.
Efficient goals are proximate in time, moderately difficult, and specific, with an objective definition that is
understandable for the individual (Locke et al., 1981).
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users can set weekly and monthly water saving goals at three different levels (5%. 10% and 15%
reduction). More points are awarded for achieving self-established goals than for achieving the same
reduction level without setting the goal. The more ambitious the goal, the more points a user receives.
The impact of a goal is visualized by showing how many bathtubs filled with water one would save if

the goal is achieved for one year’s time (Figure 5).

This is how much you would
in 1 year if you m

=0

Set a goal to earn 2x points

2R 4m?3= 4000
“EErrE
=9 0 0 o
2631 I | e %9 0 =g 0
week total - . ﬁﬁ

5468 |
below base value

26,6 bath tubs

Figure 5. Earning points by setting and achieving goals.

Self-set goals are expected to create commitment towards saving water. Not achieving these self-set
goals causes cognitive dissonance, whereas achievement of the goals is expected to strengthen the
user's hedonic (e.g. pleasure), normative (how one is expected to behave), and gain goals (e.g.

saving money on the water bill), in terms of the goal framing theory (Lindenberg and Steg, 2007).

Demonstrating how much one can save can result in increased awareness of the consequences, a
higher self-efficacy (Bandura, 1977) and a higher responsibility. Achievement of the goals motivates
users intrinsically, as it strengthens their feeling of competence and mastery (Deci & Ryan, 1985).
Finally, goal-setting is linked to the gamification incentives: achieving goals yields points, which results
in social recognition when the user gets visible on either the weekly or global leaderboard. These
social rewards are expected to further motivate the user and increase intrinsic motivation (Deci &
Ryan, 1985). Intrinsic motivation supports the eventual formation of new habits (Dahlstrand & Biel,
1997), which contributes to the sustainability of the behavioural change.

4.4 Water saving tips

A significant share of consumers is unaware of how they can save water (Randolph & Troy, 2008). It is
thus not surprising that providing water saving tips can induce behaviour change. Fielding et al. (2013)
have demonstrated that showing users how to save water indeed leads to lower levels of water
consumption. Both brief textual tips (see Figure 6) and engaging educational videos are available, that

concretely show how water can be saved.
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’ Household profile &= Leaderboard

Kitchen Tip #2

Dishwashers typically use less water than washing dishes by hand. Now, Energy Star dishwashers
save even more water and energy.

Home Water Water saving Energieeffizienz in
Saving Ti... toilet ...

€ 300p & 300p € s0p

Figure 6. Earning points by reading water saving tips and watching videos about water saving.

The theory of planned behaviour (Ajzen, 1991) and the self-efficacy theory (Bandura, 1977)6 suggest
that the user’s self-confidence about performing the desired behaviour affects the likelihood of actually
starting to save water. Water saving tips are included in the incentive model to increase the user’s
confidence in his ability to save water. The tips are instrumental to the pre-contemplation phase when
users need to be persuaded that they can do so and the action phase when users must get support to
put their positive attitudes into practice.

4.5 Incentivizing water saving by playing a hybrid online and card game

A hybrid physical-digital card game ‘Drop! The question’ (Fraternali et al., 2015) was designed to raise
water saving awareness and encourage social learning within households. This is important, not only
as the composition of the household is a strong predictor of water consumption (Jorgensen et al.,
2009), but also to influence the water conservation culture of the household (Fielding et al., 2012).

The game is a hybrid card and mobile game for 3-6 players. The game features Lilly, a little girl who
wants to save water, and a clumsy monster who keeps spilling water.

Each Lily card displays one action that leads to water saving. The game mechanics is a variant of the
popular black-jack card game. Users take turns in drawing cards and they can be challenged on the
maximum number of “good” cards they will draw before hitting a monster card. At the end of the game,
the player gets points for the Lily cards she has collected. Conversely, monster cards points are
deducted, but this can be recovered by correctly answering questions in a mobile app launched by

scanning the QR-code that appears on the monster card (Figure 7).

6 Self-efficacy theory (Bandura, 1977) focuses on the individual's belief in his/her ability to succeed in specific
situations. Self-efficacy can enhance or impede motivation. People with high self-efficacy choose to perform more
challenging tasks, investing more effort and persisting; and when failure occurs they recover more quickly and
maintain the commitment to their goals (Schwarzer et al., 1997; Richter et al., 2015).

16



961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
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Figure 7. Drop! game integrating physical card game and mobile game.

Apart from the intended motivational and educational effect of the card game, playing the game also
incentivizes the use of the web application (the ‘SmartH20 portal’), because correctly answered
questions in the mobile app yield points on the portal. Playing the game and answering questions
increases users’ knowledge, which helps to create favourable beliefs about water saving. This
supports the contemplation phase where users should be convinced that saving water is necessary
and possible. It also stimulates the desire to act appropriately (Lindenberg & Steg, 2007), as the game

associates water saving with achievement and water spilling with losing.

5 IMPLEMENTATION OF THE SMARTH20 INCENTIVE MODEL FOR WATER SAVING

The described incentive model has been implemented in the SmartH20 system as a web application,
available in two different versions. The basic portal implements only the “pragmatic” elements, such as
the interactive water consumption visualisations and the water saving tips. The gamified portal adds
goal setting and the full spectrum of gamified incentives and rewards. The web-based application has
been deployed in two different contexts: in the small-scale pilot (Switzerland) it is a new standalone
application provided to the customers of the local metering utility, while in the large-scale pilot (Spain)
the gamified web application is integrated with the existing customer portal of the local utility company.
The same back-end gamification engine serves both cases with two different sets of gamification rules
configured for the needs and constraints of each pilot (differing in the type of competition and in the

physical rewards as outlined in Chapter 4.3). Table 6 outlines the characteristics of the two pilots.

Table 6. Different implementations and features of the pilots of the SmartH20 system.

Swiss pilot (small municipality) Spanish pilot (large city)
System version |Basic portal + gamified portal Gamified portal
Potential reach  |400 households with smart meters 400,000 households with smart meters
Main goal Test system & incentive model in small-size pilot|Large-scale impact assessment
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Figure 8. User interface of the SmartH20 portal (gamified version).

Delivery of the incentives is controlled by the Gamification Engine (GE), shown in Figure 9 and Figure
10, a component that transforms user actions coming from different sources into points, based on a
set of inputs and rules (Galli et al., 2015). The different inputs include consumption data from the
smart meters, actions and points achieved in the Drop! Mobile game and the user actions performed
on the gamified web portal. As shown in the component diagram (Figure 10), the GE rules map
individual actions of the consumer (e.g. reading a water saving tip, answering correctly to a question of
the Drop! digital game) and achievements (e.g. achieved consumption reduction) to the defined
incentive elements through the assignment of points and badges, which are in turn stored into a
dedicated database where they can be used for visualization (e.g. of leaderboard and badges) and for

the assignment of external rewards (e.g. prizes offered by the utility).

DropThe
Smart meter Question A3rd|.Par.ty
- pplication
—1]
Smart meter Game External
readings actions actions
Smart Meter Consumer
Data Portal <
Manager

. . Portal usage
L Gamification ‘MLLIJ
engine

Consumption goal
achievement

actions
[

Points, badges, rewards

Gamification rules

Figure 9. Input and outputs of the rule-based Gamification Engine.
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The core of the GE is in the Gamification Logic Modules, which transform actions into points. All the
gamified data are stored in the GE Database, in order to decouple the data from the water utility
systems (of a specific pilot) from those managed by the incentive and gamification platform. The
Gamification Logic modules of the GE comprise a rule-based engine, which takes inputs from different
system modules and produces outputs controlling the gamified incentives. Its main responsibility is to
receive the notification of actions performed by the user and decide if, and to what extent, such
actions should be rewarded. The Gamification Logic modules can be configured by the administrator
to set the type of competition (continuous or periodic), quantifying points associated with actions, and
set the rules for actually assigning points and unlocking achievement upon the reception of an action

notification (e.g., repeatability and maximum frequency of actions, time constraints, etc.).

] cortrai T
Admin CGE Portal frm——= )-O— modules -——ccrequires))
cg|/[>> <<component=> <<gdatabase>>

£ ] ] .
Customer Portal | ———= :.O_ Gamification Logic | _______. <<ranuiras>>
<<ll>> madules

<<component>>

GE services N;Iéfézalté:g
4©_/_ <<companent>> <<component>>

GEemernE
AEx}Emt?l ) Authentication  [—
pplication N <<component>>

Figure 10. Gamification Engine component diagram.

Four types of actions are distinguished. Consumption actions are derived from the smart meter
readings. When the consumption data are received by the smart meter component, they are
processed to check whether water saving goals of reducing consumption with a defined percentage
over the baseline average consumption of the same period have been achieved (see Table 7).

Portal usage actions are generated as consequences of the user activity in the web application (e.g.
logging in, reading a tip, or watching a video). Gameplay actions are produced by the
Drop!TheQuestion digital game and correspond to the correct answer to a water education question.
External actions produced by external applications can also be incorporated (e.g., when the gamified
application is integrated into a pre-existing portal of a water utility that includes other user interactions,
such as checking an online bill). Table 7 provides a non-exhaustive illustration of the types of actions
defined in the gamification engine and the main configuration parameter (the points) for the two pilots
(small scale, large scale). The points are different between the two pilots, due to differences in the
scale of the pilot. This scale difference imposes business constraints on the assignment of rewards
and also motivates the implementation of a periodic competition scheme in the large-scale pilot

(Spain) with weekly rewards assigned to the top performing users only. This differs from the small-
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scale pilot implementation where physical rewards can be continuously collected by achieving a set

number of points (see reward mechanisms description in Chapter 4.3).

Table 7. Action sources in the Gamification Engine and their parametric value in the two pilots.

Actions Source Thematic area Score in CH| Score in ES

Water saving actions

Weekly savings:

Weekly Savings 5% (automatic) Consumption | Water Saving 50 1500
Weekly Savings 10% (automatic) 150 4500
Weekly savings 15% (automatic) 450 13500
Weekly Goal 5% (set by the user) Consumption | Water Saving 100 3000
Weekly Goal 10% (set by the user) 300 9000
Weekly Goal 15% (set by the user) 900 27000

Water saving insights

Read water saving tip Portal usage | Water Saving insight 100 100
Correct answer on Drop!TheQuestion Portal usage | Water saving insight

mobile app 100 100
Engagement

Login Portal usage Engagement 50 50
Download of Drop!TheQuestion mobile | Game Engagement

app 300 300
Switch from paper-bill to electronic bill | External Engagement - 2500

Participation actions

Enter Top 3 of overall Leaderboard Portal usage | Engagement 200 200

6 PRELIMINARY RESULTS FROM A SMALL-SCALE PILOT

The SmartH20 system has been first deployed in a small-scale pilot in Switzerland. In this paper we
analyse the period spanning from July 2015 to February 2016. A first basic version of the web portal
with only consumption visualisation and water saving tips was published in July 2015, followed by the

fully gamified version of the portal, deployed at the beginning of December 2015 (Figure 11).

The validation set-up of the small-scale pilot in Switzerland was based on two interim validations and a
final validation. For evaluating the impact of the system on water consumption, the consumption
during the respective observation period was compared against the historical baseline consumption. A
comparison of the intervention group consumption (system users) with the consumption of a sample of

inhabitants who didn’t use the system was also performed7. User feedback was collected through a

! The establishment of a full-fledged control group wasn’'t feasible due to the small overall sample (400
households with smart meters were available in total) and the difficulty to isolate the recruitment campaign for
system users from the control group recruitment (small geographically contained municipality). Moreover, initially
the utility couldn’t guarantee providing the consumption data of the non-users. Eventually, we were able to obtain
(anonymized) consumption data for 170 smart metered households that didn’t use the system, and used this to
verify the attribution of system effect on water consumption (see Section 6.3). The user questionnaires couldn’t be
administered to these non-users.
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questionnaire administered to the portal users, containing items regarding technology acceptance on
both the level of the application as a whole, and on the level of the individual features of the portal. On
application level, technology acceptance was measured using the UTAUT framework (Venkatesh et
al., 2003), with items adapted to match the context of use in the water domain. Additionally, hedonic
and pragmatic quality were measured using Hassenzahl's AttrakDiff2 questionnaire (Hassenzahl,
2004). The feature-level questionnaire contained questions about the perceived ease-of-use,
usefulness and motivation effect of most important features (where appropriate). In addition to the
questionnaires, the usage of the portal was analysed using system log files.

The users were recruited through a recruitment campaign conducted with the collaboration of the
municipal water utility of Terre di Pedemonte. In the early stages of the project, a public workshop was
held, where all citizens were invited. This workshop was also useful to elicit important requirements for
the platform functionalities. Before the platform launch, a newsletter was sent by the water utility to all
households that were equipped with a smart meter (400 houses), informing them of the forthcoming
release of the SmartH20 platform. Finally, following the release a personalised letter containing the
credentials to activate the link between the smart water meter and the platform was sent to all those

households.

The first interim validation took place after four-months of the trial, evaluating the basic portal involving
40 users (households). The overall response rate to joining the trial was thus 10%, while the online
questionnaire yielded 15 responses (response rate of 37,5%). This questionnaire was submitted to the
users before upgrading the basic system to the second release (Figure 11) that replaced the first
overview visualisation with the water pipe metaphor visualisation (see Chapter 4.1). In this section, we
address the user feedback from the first interim validation questionnaire, as well as the preliminary
impact on water consumption. Finally, we provide a preliminary outlook on the user response to the
gamified portal by analysing the system usage logs from December 2015 to February 2016. The

timeline of the web portal deployment is summarized in Figure 11.

July Aug Sept Oct Nov Dec Jan Feb
2015 2015 2015 2015 2015 2015 2016 2016

Portal deployment Basic: vl Basic: v2 Gamified

Gamified

Evaluation

Questionnaire Log analysis

Figure 11. Deployment timeline for the small-scale pilot.
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6.1 User acceptance of the system

To measure user acceptance on the level of the application as a whole, the users’ attitude towards
technology, effort expectancy (i.e. perceived ease-of-use), and performance expectancy (i.e.
perceived usefulness) were measured by means of the respective sub scales from the UTAUT
framework (Venkatesh et al., 2003). Questionnaire items were adapted to match the context of use in
the water domain. All questions were asked on a five-point Likert scale, ranging from strongly disagree
to strongly agree. The results are summarized in Table 8 in a commonly used format. The effort
expectancy results demonstrate that for the majority of the respondents the portal was easy to learn
using (11 out of 15 agreed or strongly agreed; m=3.9; s.d.=.7) and easy to use (12 out of 15 agreed or
strongly agreed; m=4.0; s.d.=.6). The majority also found that the interaction with the system was clear
and understandable (9 out of 15 agreed or strongly agreed; m=3.8; s.d.=.7) and that it was easy to get
skilful at using the system (8 out of 14 agreed or strongly agreed; m= 3.8; s.d.=.8). That confirms the

usability of the system design.

Table 8. User acceptance results (UTAUT).

UTAUT construct | Iltem Mean | S.d. | Median
Performance My interaction with the SmartH20 portal is clear and 3.8 7 4.0
expectancy understandable.
Learning how to use the SmartH20 portal is easy for me. 3.9 7 4.0
| find the SmartH20 portal easy to use. 4.0 .6 4.0
It is easy for me to become skilful at using the SmartH20 portal. 3.8 .8 4.0
Attitude towards Using the SmartH20 portal is a good idea. 3.9 7 4.0
the technology The system makes water conservation more interesting. 3.8 5 4.0
| like using the system. 3.5 7 3.0
Using the system is fun. 3.5 .6 3.0
Effort expectancy | find the SmartH20 portal useful in my daily life. 3.2 7 3.0
Using the SmartH20 portal increases my chances of achieving 3.5 .6 3.0
things that are important to me.

Regarding the respondents’ attitude towards technology, the results revealed that the system makes
water conservation more interesting (11 out of 15 agreed or strongly agreed; m=3.8; s.d.=.5) and that
using it is a good idea (9 out of 15 agreed or strongly agreed; m=3.9; s.d.=.7). Curiously, most
respondents were undecided about whether they like using the system (10 out of 15; m=3.5; s.d.=.7),
while at the same time almost half of them found that it is fun using the system (7 out of 15; m=3.5;
s.d.=.6). Keeping in mind that the respondents were reporting on the basic system, the latter indicates
that already water consumption feedback and tips appeal to users, even without gamified elements.

On the other hand, the absence of the overall “liking” of using the system, in spite of the overall very
good ratings on the other usability aspects suggests that the additional motivational affordances,
foreseen in the gamified design were indeed needed, in order to increase fun-of-use and engagement
with water saving — even for target groups who initially declared valuing primarily pragmatic usefulness

rather than hedonic aspects (uncovered in the requirements analysis outlined in Chapter 3).
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This is also confirmed by the results of the hedonic quality questionnaire (AttrakDiff2, Hassenzahl,
2004)8, showing that the perceived pragmatic quality (PQ) of the basic system was higher than its
hedonic stimulation quality (HQ-S), even though the latter is higher than for an average system
(PQ=5,3 vs. HQ-S=4,9). Since the basic version without gamified elements was explicitly designed to
meet the needs of more pragmatically oriented users, the high PQ score confirms that this goal has
been reached, while also hinting at additional potential of the gamified version even for self-declared

“non-playful” users (see user activity analysis for the gamified version in Chapter 6.3).

Another potentially critical aspect concerns the performance expectancy results. Respondents were
undecided regarding the usefulness of the system in their daily life (11 out of 15; m=3.2 ; s.d.=.7) and
regarding the extent to which the systems increases their performance in achieving things that are
important to them (only 6 agreed with 9 undecided; m=3.5 ; s.d.=.6).

These results are likely attributable to the relatively limited period of exposure to the system (up to 4
months at the moment of questionnaire submission) which seems to have initiated the behavioural
change process, but which needs more time to take place and more strongly influence underlying
habits and attitudes. This explanation is in accordance with Dahlstrand & Biel (1997) who have
emphasized the multi-phased and complicated nature of changing habitual environment-related
behaviour that starts with exposure (e.g. attracting attention), and ends with the formation of new,
sustainable habits.

Given the observed frequencies of use of the portal in the trial (Chapter 6.4) and the observed
reductions in water consumption (Chapter 6.3), though first promising effects of user engagement can
be observed, it is unlikely that users have already advanced through the whole behavioural change
process and formed new habits. This is also in line with overwhelmingly positive user responses to the
usefulness of the individual elements of the system such as the consumption visualisation and water

saving tips, discussed in the next section.

6.2 User feedback on consumption visualisations and tips

Most respondents found the interactive water consumption chart easy to use (Figure 12 left) and
nearly all respondents agreed that from the chart and the overview visualisation they could understand
how much water their household consumed over time (Figure 13). They found the water saving tips
rather useful, but were neutral regarding the extent to which they were able to put them into practice
(9/14 users). This was to be expected since the tips were of varying complexity and household
characteristics. The impact of different water saving tips needs to be investigated in more detail in
upcoming evaluations. The perceived usefulness of the three main elements (water consumption
chart, first version of the consumption overview, and water saving tips) was rather positive for most
users (Figure 12, right). For all three features we also observed a positive perceived influence on
increasing water saving awareness, as most users stated that they made them think about water

conservation more often (Figure 14).

8 The pragmatic quality and hedonic quality (stimulation) were measured using seven seven-point bipolar scales
ranging from e.g. harmful (1) to beneficial (7).
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How easy or difficult was it for you to... How useful (or useless)...

No response M Very difficult ™ Rather difficult ~ Neutral % Rather easy M Very easy No response M Very useless ™ Rather useless ~ Neutral % Rather useful M Very useful

...use the water consumption chart? | ;i W Is the w. consumption chart for you? n§;§ 3 | %/////////////
...take notice of the water saving tips? 1 8 1 %//////// 2§ 5 | %/////////////

0 3 6 9 12 15
|
0 3 6 9 12 15

...is the w. consumption overview for
you?

77

777,

...are the water saving tips for you?

Figure 12. Ease of use (I) and usefulness (r) of consumption visualisations and saving tips.

| can understand how much water my household consumes over the course of time...

No response M Completely disagree +" Mostly disagree Somewhat disagree Neutral Somewhat agree % Mostly agree ™ Completely agree

...from the consumption chart. | 1 | 6 | %///////////////////////////
_______

7

..from the overview visualization. 2 7
| |
9

12 15

0 3 6

Figure 13. Understanding of consumption visualisations.

...make(s) me think about water conservation more often than before.

No response M Completely disagree  Mostly disagree * Somewhat disagree = Neutral = Somewhat agree % Mostly agree M Completely agree

The water consumption chart... | 2 | | 7 | %//////%/////

The water consumption overview... il ‘2 ‘ 9 ‘ %
The water saving tips... 1§ 3 7 %//////

| I I - 1

0 3 6 9 12 15

Figure 14. Perceived awareness increase of consumption visualisations and saving tips.

6.3 Preliminary assessment of impact on water consumption

As the basis for assessing the impact of the SmartH20 system on water consumption, consumption
baselines (i.e. daily, weekly, and monthly average consumption volumes) were collected, starting from
the moment a smart meter was installed. On average this period comprised 255.0 days (s.d. 55.9).
After computing the average daily consumption, the collected baseline data were used to classify
users into low, low/medium, medium/high or high consumption classes, following the approach
explained in (Bertocchi et al., 2016). Eight users were identified as outliers and removed from the
sample, due to either their smart meter being installed too late to have sufficient and reliable baseline
data, or their house not being used regularly (e.g. summer houses). Water consumption was then
monitored for the remaining 35 users during a three-month observation period in winter 2015 (after the
launch of the second version of the basic portal; Figure 11). The average daily consumption from this
period was compared against the average baseline consumption. In Table 9 the observed average
consumption reduction is displayed for each of the consumption classes (classes differ in size due to

the small scale of the pilot).
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Table 9. Water saving per class of consumers in the Swiss small-scale pilot.

Consumption N Average daily water Average S.d. No. of users with
class consumption (m3) reduction (%) > 30% reduction
Low 6 0.18 25.7 20.5
Low/medium 19 23.4 26.0 9
0.47
Medium/high 8 38.5 16.9 5
0.89
High 2 42.0 1
1.75
Total 35 0.54 27.5 24.4 17

Results show that the average absolute consumption is 0.54 m3/day and that the highest reductions
are achieved by users with medium-high or high consumption. While the average reductions seem
encouraging, due to a limited period of measurement (three months, no summer period), possible
seasonal effects of 25-30% (e.g. Firat et al., 2009) would need to be discounted to assess the actual
reduction induced by the system. On the other hand, we have also analysed the consumption of the
users who did not use the SmartH20 systemg. Their average consumption over the same period was
0.49 m3/day (slightly lower than the one of the intervention group), and the observed average
reduction was 8%, i.e. much lower than that of the intervention group (27.5%). Thus, even without
being able to more precisely isolate the seasonality effect, the observed difference in the consumption
reduction between the SmartH20 users and consumers who didn’t use the system suggests that the
system usage had the observed (relative) impact on water consumption. However, given the limited
duration of the observed ftrial period, a more reliable analysis can only be done on the basis of

consumption data for an entire year of the trial.

6.4 Preliminary analysis of user activity for the gamified portal

The main objectives of this pilot phase have been to recruit a core user group in a rather conservative
population, and familiarize this group with the portal in anticipation of the future extension of the pilot
to a larger community. The initial recruitment campaign (public workshop, newsletter and personalised
letters) resulted in 27 basic portal users. In the final recruitment campaign coinciding with the release
of the gamified portal personalised letters were again sent to all the households with smart meters,
inviting them to sign-up (or upgrade) to the gamified version of the system. The campaign was
targeted at recruiting both new and current users of the basic portal. The campaign has yielded 16
gamified portal users (6 of these were already users of the basic portal), whose activity on the portal
has been examined to gain a first insight into the user interactions with the elements of the
implemented incentive model. For that purpose, usage logs over a 10 week period, from the launch of

the gamified portal version in December 2015 to February 2016 have been analysed.

o To this end, we were able to obtain (anonymized) consumption data for a sample of 170 smart metered
households that neither used, nor had registered for using the system. The sample included households whose
smart metered data was collected regularly and reliably by the utility, with same data cleaning as for the system
users (removing outliers, rarely used summer houses and households with irregular data transmission).

25



1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560

/ Integrating behavioural change and gamified incentive modelling for stimulating water saving

After the launch of the gamified portal in December, little activity occurred on the basic portal (20
logins; m=.74/user; median=0; s.d.=1.9), whereas the activity on the gamified version of the portal was
substantially higher (292 logins; m=18.25/user; median=2.5; s.d.=43.6). A Mann Whitney U test
revealed that the difference between basic portal and gamified portal users was statistically significant
with respect to the number of logins (U=39.5; Z=-4.73; p<.001). As reflected in the large standard
deviation and in the difference between the mean and the median values, the login frequency is highly
skewed. This is due to a small number of highly active users, who strongly influenced the usage
dynamics (see discussion further below). Further analysis of the data also showed that activity peaked
after a reminder e-mail campaign to current users. Even though the small number of users requires
caution in drawing conclusions, this result suggests that the gamification features can prompt more
interest in the portal, while promotional campaigns can be an effective way to further stimulate

engagement with behavioural change systems for water consumption, such as SmartH20.

Both the basic portal and the gamified portal prompt users to inspect their water consumption through
an adjustable bar chart, and through a display that employs a pipe metaphor (see Section 4.1). The
log data show that the consumption chart has been viewed and interacted with the most. In the
analysis, only users who have logged in more than once have been considered. Basic portal users
viewed the consumption chart page on average 1.5 times over the course of the observed validation
period (median=1.5, s.d.=.7), compared to 16.7 times (median=2, s.d.=26.9) for the gamified portal
users. Basic portal users inspected the overview page on average 2.0 (s.d.=.7) times, whereas
gamified portal users visited this page on average 13 times (median=3; s.d.=18.3). A Wilcoxon signed
rank test demonstrated that the difference between basic portal and advanced portal users was not
significant (Z=-1.69; p>.05). The large standard deviation and the difference between the mean and
the average point to strong variations between the users, pointing to a commonly found pattern in
such behavioural change systems where lead users can be observed to be substantially more active
than the majority of the other users. Finally, it should be noted that the gamified consumption overview
page required an additional user action, because it is placed in a different tab than the bar chart, which

is displayed by default.

Subsequently, we analysed the 16 users who used the gamified portal (10 were new users who
registered directly for the gamified portal, while 6 users upgraded from the basic portal). Figure 15
displays the number of users who have used the gamified portal features more than once. The data
reveal that key elements of the gamified portal were accessed more than once by a significant share
of the users: this includes the leaderboard (10/16), the achievements and action panels (10/16), and
the profile page (11/16). Only four users have visited the rewards page more than once. This could be
due to the limited time the portal has been online, and thus to the limited opportunity to collect points
for claiming rewards. Almost half (7/16) of the users have visited the tips page once or more over the
observation period (m=16.9; median=2; s.d.=32.2). Two users frequently visited the tips page (94 and
45 times). Without them, the remaining users accessed the tips page on average only 0.9 times (s.d.
2.7, median=2).
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Users with >1 page visits
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Figure 15. Break-down of platform usage, divided by feature.
Finally, all but three advanced portal users collected badges (13/16). The users who collected the
badges, collected on average 3.6 badges (median=4.0; s.d.=1.7). These indicators suggest that the
gamified system appeals to this initial user base, and that the incentive model is capable of motivating
users to access and use the system, and thus of engaging them with water consumption information.
Additionally, the data demonstrate different patterns of usage, with a subset of users being

substantially more active than others.

The logs of system activity allowed for the identification of several lead users that displayed a high
level of activity, but with rather different usage patterns. Lead user analysis is commonly used to
identify early adopters and observe patterns of behaviour that give examples of possible behaviour
types of active users in the future enlarged user population. Lead users also have an important role for
stimulating the user community dynamics: they are not simply outliers, but most active users who are
crucial for providing a core activity on the portal that influences the impression of the system by other
users, and thus also their (re)actions. This often results in stimuli for other users to become more
active, prevents the impression of “dead” usage periods on the portal, and supports continuous
dynamics of the competitive gamification elements (e.g. leaderboard, competitive rewards). In our
case, two main lead users were identified: one has logged in 176 times and the other 21 times over a
ten-week interval. To illustrate their behavioural patterns, in Figure 16 we have plotted their portal

usage and interaction with the gamified elements against time.

—=
2212, 22.12.5 Badges. Lead User A Lead User B

Sign-up - 2x Insights
- 3x Profiling

35

30.12. — 3x Rewards
30.12. - 1x Insights badge

No. of logins

28.12. 28.12. 6 Badges:

Sign-up g — 3x Insights
< = 3x Profiling

31.01—1xReward

03.02. — 1x Reward
0

0+ . . . . | - : . . ——

20.12.15- 27.12.15- 03.01.16- 10.01.16- 17.01.16- 24.01.16- 31.01.16- 07.02.16- 14.02.16- 21.02.16-
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Figure 16. Engagement with gamified incentive model elements of two lead users.
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Figure 16 shows that lead user #1 earned all his/her badges within a very short time, and after a short
period of intense usage claimed the available rewards all at once, shortly after earning the necessary
points. Yet s/he continued to login frequently, viewing his/her consumption chart and checking the
leaderboard during most visits. This suggests that the user was intrinsically motivated by the
combination of consumption feedback and gamification features. The second lead user earned his/her
badges on the same day as his/her sign-up, but continued to frequent the portal at a moderate pace
until s/he reached enough points to redeem the main reward. Shortly after, s/he stopped using the
portal, which suggests that this usage was mainly driven by the high external reward. Interestingly, this
user achieved only 18.2% consumption reduction, compared to 52.5% of the other lead user, not
driven primarily by external rewards. While we cannot solely attribute such consumption reductions to
portal usage (there is e.g. an obvious vacation gap in both charts, and other external factors also can
have played a role), the observed patterns indicate that portal usage has likely influenced these lead

users over the entire analysed period of the pilot.

Overall, the observed dynamics of system use suggests that the implemented gamified incentive
model successfully addressed different types of users. This includes a few highly active users, but with
different motivational patterns (the two very different lead users), as well as a positive response, but
less frequent activity of the remaining users (e.g. 13 out of 16 users collecting on average 3.6 badges,
median=4; s.d.=1.7). Similarly, if the lead users are excluded from the analysis, the average number of
views of the tips page declines dramatically (0.9 vs. 16.9), while its median value (2 views) remains
the same with and without the two lead users (median = 2). On the other hand, the observed average
frequency of logins after excluding the lead users is still relatively high (6.8 monthly logins on average,
s.d.=11.6, median=2), in particular when compared to available results for similar consumption
feedback portals. For example, in Golz (2017) an average of 1.0-3.0 monthly logins for the majority of
users has been reported in a trial with an energy consumption feedback portal (with the exception of a
group of highly active users with 10.8-14.8 monthly logins). Such type of results for comparable
systems in the water domain haven’t yet been reported, although field studies with in-situ feedback
(e.g. on-shower devices) have reported high levels of engagement (e.g. Tiefenbeck et al., 2016).
Overall, given the small user sample, the limited duration of the observed trial period in our case and
the frequently observed decline of the intensity of usage with longer trial duration (Goélz, 2017, Gélz &
Hahnel, 2016), the discussed results are promising, but need to be taken with caution. More reliable

conclusions are expected after the final evaluation of the entire year of the trial.

7 CONCLUSIONS

In this paper we have presented the theoretical underpinnings and the design of a behavioural change
system for stimulating water saving by combines smart-meter based consumption visualisation, water
saving tips and gamified incentives. We have shown how the design of such a system can be
informed by different motivational theories and systematically related to a holistic behavioural change
process model to obtain an integrated incentive model combining different types of incentives (virtual,
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physical, social). The described implementation demonstrates a practical realization of the developed

model and shows how it can be adapted to different types of settings (small scale, large scale).

The discussed results from a preliminary evaluation in a real-world, small-scale setting suggest that
the designed incentive model and its systematic alignment with the adopted behavioural change
process are suitable for stimulating water saving and initiating the behavioural change process. The
observed positive effects on water consumption are encouraging, but must be taken with due caution
due to the small user sample and limited duration of the trial. The positive user feedback to the
individual elements of the incentive model and its implementation in the SmartH20 system suggests
that they make water conservation more interesting. The consumption visualisation and water saving
tips have reportedly make users think more often about water consumption and made it easy to
understand it. The higher user activity on the gamified portal compared to the basic version without
gamification suggests that the incorporated gamified design and incentives can stimulate user
engagement, while the results of the lead user analysis point to their capability to accommodate
different patterns of user behaviour. Such observations suggest that the designed gamified incentive
model is versatile enough to stimulate different types of users.

The overall results suggest that even with a small user community and not a very long period for the
incentive model to yield effects, the system was able to trigger different participation dynamics.
Differences in responses to the incentive model highlight the importance of a holistic approach that
comprises different motivational affordances to support the behavioural change process for all users.
Similarly, the results regarding the hedonic and pragmatic affordances of the implemented system
suggest that such systems supporting behavioural change for water saving should indeed combine
both utilitarian and hedonic types of usage. Though preliminary in nature, the presented approach and
results can thus already inform the further development of such systems and approaches to

encourage end-user water saving.

The presented results and analysis are subject to several limitations that need to be addressed in
further studies. These include the small user sample and the limited period of the system trial, as well
as the need to more closely analyse how specific types or patterns of user interaction with the system
may be related to observed (patterns of) consumption reduction. Similarly, the change in user attitudes
and behaviour towards water saving as proxies for a user's progress through stages of the
behavioural change process should be measured and analysed (though not easy to perform). Some of

these are subject of our on-going large-scale trial.
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