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Abstract: In response to droughts, various media campaigns and water saving instructions are re-

leased, often however, with only temporary water conservation effects. A promising development 

is this regard are Digital Water Meters (DWM) that provide near real-time water-use feedback. 

Despite extensive DWM experience in some water-stressed regions, a profound understanding of 

the initial attitude towards DWM and message tailoring opportunities are rarely empirically ex-

plored. Therefore, we aim to obtain insights into the attitude towards the introduction of DWM and 

explore opportunities for message tailoring, a topic of extra relevance as we may be on the thresh-

old of a large-scale implementation in many world regions. Messages tailored to (i) normative be-

liefs and attitudes on drinking water, (ii) water-use activity and (iii) phase of decision-making, 

seem particularly compatible with DWM. Through a survey (n=1037) in the Netherlands, we ob-

serve that 93% of respondents have no objections utility investments in DWM and that 78% would 

accept a free DWM because of improved leakage detection, lower costs and environmental con-

siderations. Finally, instead of sociodemographic factors, we observed that an attitude-based cus-

tomer segmentation approach proved an especially useful predictor of respondent’s motivation to 

endorse DWM and forms a promising basis for water conservation message-tailoring strategies.  

Keywords: Water Conservation; Customer Segmentation; Pro-Environmental Behaviour; Smart 

Water Meters; Water-use Feedback 

 

1. Introduction 

Changing precipitation patterns, prolonged droughts and higher temperatures as 

well as rising water demands due to population growth, irrigations needs and industrial 

activities, lead to increasing competition for diminishing water resources (Droogers et al. 

2012; Wada et al. 2016). People’s global water footprint is largely determined by their 

consumption of, amongst others, meat, energy and manufactured products, the direct 

use of tap water far less (Hoekstra and Chapagain 2007; Vanham et al. 2019). However, 

drinking water consumption could put a significant pressure on the regional availability 

of freshwater resources (Bierkens and Wada 2019). Water utilities are an important en-

try-point for promoting water conservation and awareness, if only because most people 

tend to associate mainly their direct tap water consumption with issues of water scarcity 

(e.g. Russell and Fielding 2010; Willis et al. 2011; Larbey and Weitkamp 2020). To this 

end, utilities can promote the installation of technical water-saving devices, in some cases 

increase tariffs or impose water-use restrictions, and at all times initiate public awareness 

campaigns or focus more on individual customers by applying various tactics to enhance 

water conservation (Koop et al. 2019). Although a higher average price has resulted in 

temporary water conservation (e.g. Grafton et al. 2011; Worthington and Hoffman 2008), 

it can also lead to affordability issues as well as ethical and political sensitivities that in 

turn have to be addressed through for example volumetric charges and lower minimum 

tariffs (Pinto 2015). In response to drought crises, a combination of water-use restrictions 

and awareness campaigns have frequently been applied across the globe. As an imme-

diate effect, roughly 10-25% of water savings can be achieved, primarily because of re-
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strictions on watering lawns and gardens (Kneebone et al. 2018; Michelsen et al. 1999). 

However, water use often quickly returns to pre-drought levels once the state of emer-

gency has been lifted; i.e., the water saving is not maintained (e.g. Borisova and Useche 

2013; Jaeger and Schultz 2017; Syme et al. 2000; Koop et al. 2019). The effectiveness of the 

more general awareness campaigns are often poorly evaluated and it is particularly dif-

ficult to separate the effect of imposed restrictions and awareness raising (Syme et al. 

2000). Carefully controlled field experiment conditions are able to observe that more ge-

neric knowledge about water or energy conservation tend to provide little incentive for 

people to change their water consumption habits in the long run (Abrahamse et al. 2005; 

Kurz et al. 2005; Landon et al. 2018). A promising new and more targeted approach to 

enhance structural water conservation is now available through the use of water meters, 

in particular Digital Water Meters (DWM) that provide near real-time water-use feed-

back (Anda et al. 2013; Steward et al. 2018). Since many households use more water than 

they are aware of, this strategy of confronting people with their actual water use, a 

mechanism also referred to as cognitive dissonance, evokes a feeling of discomfort. The 

difference between the feedback information and how people consider themselves or 

how people want others to view them, is maintained to provide an incentive to save 

water (Cialdini et al. 2006; Anda et al. 2013). Such an approach can be largely automated, 

i.e. is far more efficient, while being equally effective as more expensive face-to-face wa-

ter conservation interventions (Walther et al. 2011; Tom et al. 2011; Jaeger and Schultz 

2017). Various feedback experiments using DWM have resulted in water savings during 

drought episodes in for example Australia, California or the Mediterranean (e.g. Schultz 

et al. 2016; Boyle et al. 2013; Liu et al. 2017). Such experiments showed to be especially 

effective if influencing tactics were applied simultaneously. Two well-known tactics in 

this regard are comparison with others through social norms (Bernedo et al. 2014; Otaki 

et al. 2017), as well as message-framing, a tactic which emphasises certain aspects to 

achieve a desired interpretation by making use of biases in people’s information pro-

cessing like loss-aversion (Zhuang et al. 2018; Katz et al. 2018; Kronrod et al. 2012). Given 

that in many cases water use tend to return to pre-intervention levels within a few 

months, many authors emphasize the importance of frequent reminders intervening in or 

relating to specific water-use behaviours (e.g. Chang, 2013; Middlestadt et al. 2001; 

Borisova and Useche, 2013; Kurz et al. 2005). Moreover, it has been argued that messages 

may be more effective if they are aligned with personal motivations, convictions and at-

titudes towards the recipients drinking water use (Cialdini et al. 2006). Many studies 

have focussed on the relation of domestic water consumption with socio-economic fac-

tors such as income, education, family composition, age, gender, religion and culture 

(e.g. Beal et al. 2013; Fielding et al. 2012; Laurent and Lee 2018). Segmentation based 

primarily on people’s attitude towards water conservation behaviour is much more lim-

ited though it can be as relevant (Brouwer et al. 2019). Hence, this paper aims to explore 

opportunities for message tailoring, both from a traditional and a modern segmentation 

approach. In addition, many regions across the globe - including the Netherlands - only 

recently have started experimenting with DWM. It is rarely empirically explored how 

people unfamiliar with DWM view this development and what opportunities for mes-

sage tailoring this may provide. Accordingly, the second aim of this paper is to obtain 

insights into the public attitude towards the introduction of DWM.  

The remainder of this paper is organised as follows: Section 2 provides the method-

ology. Section 2.1 introduces a modern customer segmentation approach consisting of 

four perspectives on drinking water that can enable tailored messaging. Section 2.2 

elaborates on conducting the large-scale survey regarding public attitudes towards 

DWM. Section 3 introduces concepts that may be pivotal in enhancing DWM ability to 

enhance water conservation. As such, section 3.1 provides an overview of mainstream 

DWM applications. In section 3.2, three forms of tailoring that may be particularly ap-

plicable for DWM are identified. Based on online survey results, section 4 characterises 

attitudes towards water conservation (section 4.1), water efficient household devices 

(section 4.2) and in particular DWM (section 4.3). The discussion (section 5), starts with 
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discussing the relevance of privacy challenges in DWM applications (section 5.1 and 

particularly focusses on illustrating a four-step message-tailoring for DWM supported 

water conservation (section 5.2). We end with the conclusion in section 6.  

2. Method 

In order to obtain empirically-based insights into the attitude towards the introduc-

tion of DWM and explore opportunities for message tailoring, households in the Neth-

erlands have been selected as a case study. With an average tap water consumption of 

about 120 litres per day, Dutch households are in relation to other industrialised coun-

tries relatively water efficient (UNDP 2006). Water availability has not been a major 

concern for a long time. More recently however, the frequency and length of heatwaves 

has substantially increased leading to environmental degradation (Rozemeijer et al. 2021) 

as well as challenges of lower pressure and sometimes discolouration at the tap (Sum-

meren and Blokker 2017; Agudelo-Vera et al. 2020). Moreover, freshwater resources and 

particularly groundwater resources are under pressure (Stuyfzand and Raat 2010; Lijzen 

et al. 2014). Accordingly, these development have also led to the cautious introduction of 

DWM as a means to enhance domestic water conservation. For an enhanced under-

standing of message tailoring opportunities through DWMs, this study has explored the 

attitude towards water conservation and DWM themselves through the lenses of both 

traditional segmentation parameters such as gender and level of education as well as an 

attitude-based customer segmentation approach, which is introduced in section 2.1. Next, 

section 2.2 introduces the large-scale survey approach.  

2.1. Introduction into customer perspectives on drinking water 

Profiling is key in arriving at a message-tailoring framework than can enhance do-

mestic water conservation through the considered use of DWM. Based on the empirical 

data collected from both a Q-study, encompassing a focus group and more than 30 in-

terviews, Brouwer et al. (2019) distinguish four customer perspectives on drinking water:  

(i) the “aware and committed” perspective, characterized by pro-environmental values and collective sus-

tainability ideals;  

(ii) the “quality and health concerned” perspective, characterized by a focus on personal preferences and 

needs, especially regarding personal health; 

(iii)  the “egalitarian and solidary” perspective, marked by a great sense of solidarity with less-favoured 

households, low-income countries, and future generations; and  

(iv) the “down to earth and confident” perspective, characterised by a great confidence in the responsibility of 

drinking water utilities, along with a desire not to be bothered about drinking water.  

In order to determine the perspective of individual respondents, each perspective 

was translated into a set of propositions that can be presented in a matrix format, as 

shown in Table 1 below, accompanied by the question which set of propositions, respec-

tively labelled numbered from A to D, best represents their individual perceptions. 

Table 1. Matrix question to elicit the drinking water perspectives of respondents. 

A C 

I believe in working collectively towards a more 

sustainable world. 

 

Water utilities should do as much as possible to 

provide tap water in a ‘green’ and sustainable 

way. 

 

Every individual has a responsibility to save 

water and use it wisely. 

 

People will be encouraged to use water more 

wisely if they have access to information about 

I believe that water is a human right and every-

one should have enough to meet their basic 

needs. 

 

Everyone should have access to the same water 

services; households should not be able to access 

better services simply by paying for them. 

 

I am prepared to save water now in order to help 

guarantee sufficient water resources for future 

generations. 
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their own water consumption. 

 

B D 

I am concerned about my health, and I think that 

tap water should be as natural as possible. 

 

Substances should be removed from my tap wa-

ter, even if they are in concentrations much lower 

than would be considered harmful. 

 

Water utilities are mainly responsible for 

providing me with safe tap water, and I 

shouldn’t have to pay for anything beyond that. 

 

Sometimes I worry about the quality of my tap 

water in the future, and its effects on my health. 

 

I value convenience and minimising hassle. 

 

I prefer to think about my tap water as little as 

possible, and I should be able to use as much as I 

like. 

 

Water utilities are responsible for meeting our 

water needs in the most efficient and affordable 

way possible. 

 

I’m not concerned about the future of water re-

sources; I believe technological progress will 

solve most problems. 

 

The minimum number of required customer information that is necessary to profile 

customers (the above given set of propositions that the respondent most agrees with) 

benefits a large-scale application of this customer profiling exercise. In addition, it does 

not require any personal and possibly privacy-sensitive information such as ethnicity, 

income, level of education or other social-economic parameters.  

2.2. Large-scale survey 

In order to acquire an empirically-based understanding of the attitude towards 

DWMs and water conservation, a questionnaire (see supplementary information) has 

been developed and completed by 1037 respondents in the Netherlands between January 

and February 2020 which was just before the Covid-19 pandemic affected the Nether-

lands. The survey was executed in collaboration with CG Selecties, an experienced mar-

ket research agency. As part of the scoping process, CG Selecties implemented age, gen-

der, educational, and regional quotas based on Dutch population census data. Re-

spondents received a small monetary reward to participate. Table 2 provides the re-

spondents’ key characteristics which are representative for the overall Dutch population. 

The questionnaire consists of a total of 26 questions divided over four categories: 

1. Introductory questions related to characteristics listed in Table 2. 

2. Questions about attitude towards water conservation  

3. Questions about attitude towards water-efficient household devices  

4. Questions about attitude towards DWM  

Table 2. Descriptive statistics for the survey conducted in the Netherlands (n = 1037). 

Characteristic Category Survey 

(I) Age 

18 -24 10 % 

25 – 34 17 % 

35 – 44 17 % 

45 -54 17 % 

55 -64 20 % 

65 ≥ 19 % 

(II) Gender 
Women 50 % 

Men 50 % 

(III) Education 

High 39 % 

Medium 39 % 

Low 22 % 

(IV) Perspective 

Quality & health concerned 14 % 

Aware & committed 34 % 

Egalitarian & solidary 29 % 
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Down to earth & confident 23 % 

(V) Home ownership 

Home owner 54 % 

Renting, energy and water bills included 39 % 

Renting, separate energy and water bills 7 % 

 

The total sample and each of the six characteristics (listed in Table 2) were tested for 

normality (using the independent samples Kolmogorov-Smirnov test). In addition, 

Levene’s test was conducted to validate for the assumption of the homogeneity of vari-

ance between groups. Two-tailed ANOVA tests with planned contrasts have been con-

ducted to test the null hypothesis that all groups are equal. The statistical analyses were 

tested at 0.05 level of significance. An individual sub-group is consistently compared 

with the total of other sub-groups. For example, the answers to a particular question 

within the age category 18-24 years was compared with all other age categories. Hence, 

the statistical analysis enables an exploration of which categories have significantly 

higher or lower scores with respect to various questions. Average scores were being 

transformed to round numbers that correspond with score categories (for example: 

1=fully disagree to 5=fully agree). In addition, effect size (r) was calculated and inter-

preted according to Cohen (1988, 1992) with r=0.01 as very small effect (vs), r=0.10 as 

small effect (s), r=0.30 as medium effect (m), and with r=0.50 as large effect (l) (Cohen 

1988, 1992; Field 2009). These statistical analysis only provide additional information to 

better interpret the survey data and are not applied in an experimental design context. 

3. Digital meters’ potential for water conservation  

Before we delve into the specifics of the public attitude towards DWM and explore 

opportunities that DWM may offer for tailored messaging, we first provide a brief over-

view of mainstream applications of DWM (section 3.1). In section 3.2, we discuss three 

forms of tailoring that may be particularly applicable for household DWM application.  

3.1. Digital water meters 

Water meters have been installed since the first public water systems were estab-

lished, back in the 1800’s (Crainic 2012). Over the past 70 years, water meters have de-

veloped from manual red meters to today’s DWMs that store and transmit measurements 

at specific time intervals (Crainic 2012; Britton 2013). In addition, two-way communi-

cating devices have been launched (March 2017). Utilities can send signals back to the 

meters to reprogramme meter intervals, leakages in service lines can be identified and 

near real-time water use feedback can be communicated to households (Crainic 2012). 

DWMs were first implemented to track water use and identify peak demand hours, days 

or months (March 2017). In Australia (Queensland) DWMs were used in 2006 and 2007 to 

design water price structures that reduce peak demands (Cole and Stewart 2011). Similar 

experiments were conducted in Europe. For example, Loftus et al. (2016) describe the 

start of a digital metering programme in the South East of England that is implemented 

to develop a new finance system for water utilities. Another application example is 

Spain, where DWMs are implemented in houses in Alicante since 2011. Their main pur-

pose is to detect leakages and to read water usage more accurate and remotely. In addi-

tion, the information from the DWMs in Alicante is used to get a better understanding of 

consumption patterns and make demand forecasting models (March 2017). DWMs are 

also used to provide feedback to users with the intention to encourage them to save wa-

ter. However, the effectiveness of this type of water-use feedback is debated. Fielding et 

al. (2013) did an experiment in Queensland providing a group of households with con-

sumption information at one moment in time. As a result these households started to 

consume less water than the control group. However, these effects disappeared after one 

year. In addition, this study was executed during a drought, therefore people were al-

ready conscious about their water use. This situation may not be comparable to house-

holds where DWMs are yet to be introduced. DWMs that track the water use of separate 

devices are developed to give more insight in the sources of water use. By combining 
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high resolution water meters and data loggers, water flow towards end users in house-

holds (like taps, showers and washing machines) can be measured (Britton 2013). Recent 

developments include smart web services such as the e-Learning platform by Kossieris et 

al. (2014) that provide insight and teaches end-users how to reduce their water use. These 

smart online systems also increases the collaboration between users and water utilities 

towards sustainable supply-demand management (Ribeiro et al. 2015). These pose in-

teresting learning opportunities Overall, most water-use feedback trials result in tempo-

rary water saving that return to the pre-intervention levels after about a few months, 

supporting the finding that water-use feedback as a stand-alone intervention tend to be 

insufficient to enhance water savings in the long run (e.g. Schultz et al., 2016; Boyle et al., 

2013; Liu et al., 2017; Koop et al. 2019). 

3.2. Digital meters, tailoring & water conservation – Key considerations 

There are good reasons to assume that the advent of DWM technology provides 

substantial benefits over more traditional water awareness campaigns. After all, house-

holds often do not turn information into water conservation actions, unless they can 

understand it in their own context and interpret how this information can be readily ap-

plied in their daily water-use patterns (Giurco et al. 2010). And this is precisely the po-

tential that DWMs can offers, i.e. it can provide insight about people's own water use but 

even more so, it can provide essential tailored feedback that can be used to improve 

people’s self-efficacy. In its simplest form tailoring can be defined as making or adapting 

of something to suit a particular purpose. In the context of domestic water conservation, 

we observe three routes of tailoring that can be considered in conjunction:  

1. Tailored to normative water conservation beliefs and attitudes: In fields such as social marketing, health behaviour 

and risk communication, segmentation strategies have long been applied (e.g. Noar et al. 2007). Messages are 

typically tailored to people's behavioural patterns, motives, beliefs and socio-economic backgrounds with the 

aim of influencing people’s behaviour. For this purpose, tailoring is often embedded in communication strat-

egies that apply various behaviour influencing tactics including increasing self-efficacy and message framing 

and in relation to people’s personal characteristics. The segmentation of such characteristics into different 

profiles can range from merely identifying general groups using simple characteristics up to micro-targeting 

based on data mining of for example social media activities (Bostrom et al. 2013). However, especially the latter 

approach requires the collection, (temporary) storage and analysis of large amounts of personal data which 

tend to raise issues of privacy and a substantial number of people may consider this as intrusive. In addition, 

data-demanding tailing approaches such as micro targeting can also be expensive and time demanding for the 

utility. Therefore tailored-messaging approaches preferably use a minimum amount of customer’s infor-

mation. Traditional segmentation profiles in the field of water and energy conservation tend to derive most 

support from these socio-economic factors (e.g. Cominola et al. 2018; Loureiro et al. 2007; Sutterlin et al. 2011; 

Barr et al. 2005; Issock et al. 2017; Abrahamse et al. 2005). However, socio-economic factors such as income, 

culture and religion, gender or ethnicity may pose unwanted biases and - perhaps more importantly - peoples 

believes and attitudes could be more distinctive and therefore more meaningful as a segmentation strategy. 

Although such attitude-based segmentation methodologies have been developed abundantly in the field of 

pro-environmental behaviour, ranging from energy conservation (McKinsey Company 2013) to sustainable 

food choices (Funk et al. 2021) and sustainable tourism (Del Chiappa and Lorenzo-Romero 2015), in the field of 

drinking water this approach is relatively unexplored. Certainly in relation to residential water conservation 

such attitude-based segmentation approaches for more persuasive water-use feedback seem promising (Liu et 

al. 2015). For this reason, this paper builds on the work of Brouwer et al. (2019) on attitude-based segmentation, 

further elaborated on in section 4.  

2. Tailored to water-use activities: The effectiveness of tailoring strongly depends on the type of behaviour change 

that is aimed for. Essentially, a more specific definition of the desired behaviour allows for more targeted 

messages, a better integration of these tailored-messages with other influencing tactics and enables better 

monitoring of the behaviour change that is aimed for. Accordingly, domestic water conservation includes dif-

ferent behaviour patterns, each with its own motivations, habits and intentions that do not necessarily need to 

relate to water but rather relate to personal hygiene, comfort, orderliness (of laundry, the dishes or the garden), 

or simply people’s thoughtless routines. Domestic water use is largely determined by how people use a limited 

number of household appliances, namely the shower, washing machine, toilets and garden hose. An example 
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of tailoring messages to a water-use activity is provided by Kurz et al. (2005). They observed that providing 

leaflets that included water and energy conservation information had little effect after six months. However, 

attunement labels that were installed at specific household appliances (including showers, washing machines, 

clothes dryers, dishwashers, toilets, and outdoor taps) and provided similar information as the leaflet but 

specified for the appliance in question resulted in a water saving of 23%. Arguably, the attunement labels 

constantly reminded people to change water-use patterns at the right time, with the right tailored information 

without requiring additional efforts of the participants (i.e., little need to exercise self-control). In this way, 

participants took shorter showers, less frequently and more water efficiently used the washing machine, 

clothes drier, dishwasher, toilet and garden hose.  

3. Tailored to the phase of behavioural change: Phases of behavioural change can be conceptualised into a detection, 

decision and implementation phase (Pelletier and Sharp 2008). Each phase involves a specific set of leading 

processes that affects the way people process information and accordingly how messages can best be framed. 

In the detection phase, messages aimed at drawing people’s attention to water conservation as well as exem-

plifying the personal relevance may be effective. In this phase, people may be more sensitive to messages that 

moderately emphasize the negative impact of not saving water (loss frame). Importantly, appeals that elevate 

feelings of concern (i.e. fear appeal) are only effective if they also provide people with effective means to re-

duce their concerns (Feng 2016; De Hoog et al. 2007). If this is not the case, people are likely to avoid any fur-

ther information on the topic. Accordingly, loss-framed messages that also hint to solutions can be effective in 

convincing people that water is scarce and that they can do something about it (Das et al. 2003). Once people 

have detected water conservation as a problem, they reach the decision phase where they become more sensi-

tive to messages that help them decide if and how to take action (Pelletier and Sharp 2008). Accordingly, many 

studies about healthy behaviour indicate that gain-framed messages that emphasize the feasibility of the in-

tended behaviour (e.g. healthy diets) are likely to be persuasive since they are more congruent with people’s 

developed intention to eliminate risks of water scarcity (Pelletier and Sharp 2008). Finally, once people have 

decided to act, they enter the implementation phase and become more sensitive to messages that provide them 

with information about how to implement water conservation behaviour in their lifestyle. In this connection it 

is worth noting that time and again a substantial gap between behaviour-intentions and actual behaviour has 

been observed. Typically, people lack the mental energy to develop an action plan and stick to it. The formu-

lations of implementation intentions that link goal-oriented responses of where, when and how to act in var-

ious critical situations help people to implement their intended behaviour. Such goal-oriented responses can be 

evoked through simple reminders, cues and messages framed in terms of goals and implementation intentions 

that people themselves have formulated (Gollwitzer 1999; Sheeran et al. 2005). For example, if one hoses the 

gardens two days in a row, a message can appear reminding someone of their intention to save water by only 

watering the garden once every three days. The intention or motivation to save water is an essential 

pre-condition for this strategy. In case people stick to their implementation intention, repeated positive feed-

back may be a strong incentive to strengthen the newly formed behaviour pattern (Walton and Hume 2011). 

4. Attitudes towards digital water meters – a survey 

In this section, we empirically assess people’s attitude towards water conservation 

(section 4.1) and water-efficient household appliances (section 4.2) before we arrive at a 

characterisation of people’s attitude towards DWM (section 4.3). Significant differences 

in response (i.e., at least p < .05) are further described in order to characterise respond-

ents’ attitudes. In this characterisation, classical segmentation on parameters such as 

gender, age, education and income are considered as well as modern customer perspec-

tives on drinking water (see section 2.1 for an explanation).  

4.1. Characterising attitudes on water conservation 

Overall, Table 3 shows that respondents firmly disagreed with statement 1 “There is 

enough water in my country, we do not need to reduce water consumption in the next 

25”, statement 2 “There is no point in saving water if not everyone participates” and 

statement 3 “Current focus on climate change has been greatly exaggerated”. These re-

sponses suggest that people believe that the need for water conservation may not be 

pressing at present, but is important in the mid-and long-term. A closer look at gender 

and level of education in Table 3 provide interesting observations from a segmentation 

perspective. Most respondents and in particular high educated respondents (p < .001) 
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also disagreed with statement 2. A similar pattern can be observed when considering 

climate change and pro-environmental behaviour as a whole. Most respondents and in 

particular high educated respondents (p < .001) and woman (p < .001) disagreed or fully 

disagreed with that the current focus on climate change has been greatly exaggerated 

(statement 3). This may suggest that most respondents recognize the risk of climate 

change and the importance of water conservation, and regard the latter also as an indi-

vidual responsibility. That is, provided that that this responsibility does not interfere 

with people’s current lifestyle. At least, that is what the data suggest related to statement 

4 “I want to have a fully sustainable lifestyle, even if I have to compromise on comfort”. 

In short, although water scarcity and climate change are generally recognized as im-

portant issues, it seems that most people are not necessarily willing to substantially 

change their lifestyle and compromise on their levels of comfort (like taking shorter 

showers). Similarly, although respondents are on average somewhat concerned about tap 

water availability (statement 5), most of them did not agree or disagree with the state-

ments “I do my best to use as little water as possible” and “I want to (further) reduce my 

water consumption” (statements 6 &7). The latter result becomes more interesting when 

focusing on the differences between different segments, although the segmentation based 

on gender and educational background shows relative moderate differences. More spe-

cifically, highly educated respondents showed to have a neutral attitude towards this 

statement (p < .001) whereas low educated people show to have a slightly negative atti-

tude (p < .001) towards further reducing their water consumption (statement 7). Ac-

cordingly, high educated respondents tended to be interested in more information about 

how to save water and water efficient household devices (p < .01; statements 8 & 9). 

Table 3. Statements about water conversation in relation to gender and level of education. Statement 1 is scored from 

1=no worry to 5=much worry, and statements 2-10 are scored from 1=fully disagree to 5=fully agree. 

Statement Total 

Gender Education Perspectives 

Women Man High Medium Low 

Quality & 

health con-

cerned 

Aware & 

committed 

Egalitarian 

& solidary 

Down to 

earth & con-

fident 

1. There is enough water in my 

country, we do not need to reduce 

water consumption in the next 25 

years1 

3.84 3.94 3.74 3.92 3.79 3.79 3.79 
4.00*         

t = 1.98 (vs) 

4.00**      

t = 2.94 (vs) 

3.42***   

t = -4.20 (s) 

2. There is no point in saving water 

if not everyone participates1 
3.50 3.58 3.43 

3.63**  

t = 2.61 

(vs) 

3.45 3.38 3.29 
3.71***     

t = 4.16 (s) 

3.59*       

t = 2.03 (vs) 

3.21***    

t = -3.78 (s) 

3. Current focus on climate change 

has been greatly exaggerated1 
3.47 

3.62*** 

t = 3.34 

(s) 

3.32 
3.75*** t = 

6.20 (s) 
3.31 

3.12*** t = 

-4.10 (s) 
3.22 

3.89***     

t = 8.50 (s) 

3.48*        

t = 2.20 (vs) 

2.85***    

t = -7.59 (s) 

4. I want to live as sustainably as 

possible, even if I have to compro-

mise on comfort  

1.93 1.94 1.92 1.97 1.87 1.96 1.91 
2.25***     

t = 7.71 (s) 

2.05**      

t = 3.09 (s) 

1.33*** 

t = -10.03 (m) 

5. Worried about tap water availa-

bility  
2.79 2.78 2.81 2.78 2.78 2.84 

2.72***    

t = -4.30 (s) 
2.81 2.76 

2.84***     

t = 8.26 (s) 

6. I do my best to use as little water 

as possible  
2.77 2.78 2.76 2.74 2.76 2.85 2.77 

2.86**       

t = 2.62 (vs) 

2.89***     

t = 3.28 (s) 

2.50***    

t = -4.96 (s) 

7. I want to (further) reduce my 

domestic water consumption  
2.59 2.61 2.56 

2.69*** 

t = 3.94 (s) 
2.56 

2.45**  

t = -2.64 

(vs) 

2.58 
2.85***     

t = 7.28 (s) 
2.57 

2.23***    

t = -5.64 (s) 

8. I want more information about 

how to save water at home  
2.41 2.40 2.42 2.48 2.42 2.27 2.36 

2.63***     

t = 6.03 (s) 
2.46 

2.05***    

t = -5.33 (s) 

9. I would like to have more infor-

mation about water efficient 

household devices1 

2.35 2.35 2.34 

2.42**  

t = 3.04 

(vs) 

2.34 

2.23* 

t = -2.29 

(vs) 

2.42 
2.57***     

t = 4.19 (s) 
2.34 

1.99***    

t = -5.05 (s) 

* p < .05; ** p < .01; *** p < .001. 1 Statements 3, 5 and 9 are inversed. 

Beyond gender and level of education, attitudes towards water conservation have 

been explored based on customer perspectives on drinking water (Table 3). Respondents 
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profiled as “aware & committed” significantly more often indicate that they do their best 

to use as little water as possible (p < .01) and (further) want to reduce their water con-

sumption (p < .001; statements 6 & 7). Accordingly, they more often disagree with 

statement 2 that there is no point in saving water if not everyone participates (p < .001) 

and that there is no need to reduce water consumption in the next 25 years because there 

is enough water in their country (p < .05; statement 1). These finding are in line with some 

central element of this profile, in which sustainable behaviour with respect to nature and 

humans is highly valued (Brouwer et al. 2019). On the other end, respondents profiling as 

“quality & health concerned” and in particular respondents profiled as “down to earth & 

confident” show less willingness to save water. Down to earth & confident respondents 

tend to disagree with statement 6 “I do my best to use as little water as possible” (p < 

.001) and they generally do not want to (further) reduce their water consumption 

(statement 7; p < .001). Accordingly, they agree with statement 1 that we do not need to 

reduce water consumption in the next 25 years since we have enough water in our 

country (p < .001). This attitude may very well relate to a strong belief in technological 

progress this perspective has (Brouwer et al. 2019). While on average respondents disa-

greed with the statement that there is no point in saving water if not everyone partici-

pates (statement 2), down to earth & confident respondents replied neutrally (p < .001). 

Accordingly, down to earth & confident respondents had little worry about water 

availability (p < .001; statement 5). Finally, respondents profiled as “egalitarian & soli-

dary” showed the highest agreement with statement 1 “there is enough water in my 

country, we do not need to reduce water consumption in the next 25 years” (p < .01). 

They also consider themselves as responsible for addressing water scarcity issues as they 

significantly disagreed with statement 2 “there is no point in saving water if not everyone 

participates” (p < .05). The finding that these respondents demonstrate responsibility for 

the water availability in the future indicates solidarity for future generation and is 

therefore completely in line with expectations (Brouwer et al. 2019). Respondents profil-

ing as “egalitarian & solidary” also more often indicate that they try to do their best to 

use as little water as possible (statement 6; p < .001). Again, a similar pattern can be ob-

served when considering climate change and pro-environmental behaviour as a whole. 

Respondents profiled as “aware & committed” and “egalitarian & solidary”, significantly 

more disagreed with statement 3 “the current focus on climate change has been greatly 

exaggerated” (p < .001 and p < .05 respectively). On the contrary, respondents profiled as 

“quality & heath concerned” and “down to earth & confident” (p < .001) replied neutral 

to this statement. Although most respondents think that focus on climate change is not 

aggregated, most of them are not willing to compromise on their levels of comfort in 

order to live more sustainably (statement 4). In particular, down to earth & confident 

respondents fully disagreed (p < .001). Though scoring above average, the “aware & 

committed” (p < .001) and the “egalitarian & solidary” (p < .001) profiled respondents, 

still disagreed with compromising on comfort. Most respondents have little interest to 

receive more information about water-efficient household appliances. Indeed, on average 

respondents disagreed to the statement 8 “I want more information about how to save 

water at home”. Highly educated respondents however tend to be more interested in 

receiving further information about water saving household devices (p < .001; statement 

9). “Down to earth & confident” respondents replied particularly negative to receiving 

more information (p < .001) while “aware & committed” respondents replied more posi-

tively (p < .001). It is likely that respondents would apply much more positive to receiv-

ing more information about how to save water this is tailored to their own water con-

sumption patterns. Although gender and in particular level of education are to some 

level related to respondent’s interest and willingness to reduce their water consumption, 

customer perspectives on drinking water show to be more strongly related. In other 

words, these customer perspectives corresponded with more pronounced differences in 

attitudes towards water conservation.  

4.2. Characterising owners of water-efficient household appliances 
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Beyond merely attitudes towards water conservation, an important question is who 

already owns water-efficient household appliances and for which reasons (Table 4 and 

Table 5). In our survey, 50.1% of the respondents indicate to have a water-saving shower 

head and 56% indicate to have a water-efficient washing machine. Home owners have 

significantly (p < .001) more often (64%) a water-efficient washing machine. On the con-

trary, only 40.8% of the respondents that rent and have to pay separately for water and 

energy, have a water-efficient washing machine (p < .01). Only 18% of the respondents 

have a water saver at their kitchen sink. “Aware & committed” respondents have the 

most water-efficient devices already installed. In fact, 57% of them have a water-saving 

shower head which is significantly more than other customer groups (p < .01). Interest-

ingly, when asked about the motivation to obtain water-efficient devices most people, 

and in particular women (p < .001), more often tend to choose environmental motives 

over financial ones. In particular “aware & committed” (p < .001) and “egalitarian & 

solidary” respondents (p < .001) choose environmental motives over financial ones. In 

contrast, the “down to earth & confident” respondents significantly (p < .001) more often 

chose the financial over the environmental motivation.  

Table 4. Percentage of respondents indicating to have a (i) water saving shower head, (ii) water saver at kitchen sink and 

water-efficient washing machine. 

 
Water saving shower 

head 

Water saver at kitchen 

sink 

Water-efficient washing 

machine 

Total 51 18 56 

Gender 
Women 47 15 57 

Men 54 21 56 

Education 

High 49 17 54 

Medium 53 20 58 

Low 49 16 57 

Perspective 

Quality & health concerned 49 17 55 

Aware & committed 57**   t = 2.61 (vs) 19 57 

Egalitarian & solidary 49 19 60 

Down to earth & confident 46 16 51 

Rent/owner 

Home owner 55*     t = 2.16 (vs) 18 64*** t = 5.13 (s) 

Rent incl. water & energy bill 45 18 49 

Rent excl. water & energy bill 49 18 41**    t = -2.64 (vs) 

* p < .05; ** p < .01; *** p < .001. 

Table 5. Motivations to have water saving household appliances (n=636) split into environmental and financial motiva-

tions. Scores range from 1 to 4 points, with 4 = very important motivation, 3 = important motivation, 2 = not important 

motivation, 1 = totally not important motivation. 

 Environmental motive Financial motive 

Total 2.32 2.26 

Gender 
Women     2.41***            t = 4.03 (s) 2.31*           t = -2.04 (vs) 

Men 2.23 2.21 

Education 

High 2.35 2.24 

Medium 2.29 2.28 

Low 2.33 2.23 

Perspective 

Quality & health concerned 2.30 2.33 

Aware & committed     2.45***            t = 4.75 (s) 2.23 

Egalitarian & solidary     2.38***            t = 2.63 (vs) 2.27 

Down to earth & confident     2.01***            t = -6.18 (s) 2.22 

Rent/owner 

Home owner 2.30 2.22 

Rent incl. water & energy bill 2.36 2.34 

Rent excl. water & energy bill 2.17 2.13 

* p < .05; ** p < .01; *** p < .001. 

4.3. Characterising attitudes towards digital water meters 
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If the DWMs are offered for free, 78% of the respondents state that they are likely to 

accept them. About 15% of the respondents are likely to refuse this offer, and 7% is neu-

tral. As presented in statement 1 of Table 5, this results in an (average probability score of 

7.16 on a 1-to-10 scale). “Aware and committed” respondents would accept the offer 

(82%) significantly more often (p < .001) while “down to earth and confident” respond-

ents are somewhat less likely to accept it (71%; p < .01). Also high educated respondents 

would accept the offer more often (82%; p < .05). Furthermore, almost all respondents 

(93%) did not disagree with their water utility investing in DWM (statement 2). Women 

(p < .01) and high educated respondents (p < 0.05) are slightly more positive to this idea. 

“Aware & committed” respondents tend to agree more often with the idea that water 

utilities invest in DWM (p < .001). On the contrary, “down to earth & confident” and 

“egalitarian & solidary” respondents more often disagreed. The latter, mainly because of 

affordability considerations and not so much because they do not see the benefits of in-

vesting in DWM. With respect to interest in receiving information about DWM devices 

(statement 3), the “down to earth & confident” respondents replied negative (p < .001). 

Home owners have strong opinions to either accept or refuse a DWM, which suggest that 

home-ownership results in more opinionated responses towards the installation of 

DWM.  

Despite the overall acceptance for installing DWM, our data suggest that most re-

spondents consider the advantages of a DWM not that important (see statements 4.1 to 

4.7). Their attitude can therefore be described as ‘There is no harm in accepting a free 

DWM’. Nevertheless, 53% of respondents considered lower costs, 34% environmental 

arguments and 33% leakage detection as very important advantages (note that Table 6 

reports percentage of respondents considering advantages important and very im-

portant). On the other end, arguments such a better understanding of water-use patterns 

(23%) or receiving water-saving tips (20%) were less frequently mentioned advantages. 

Notably, the advantage of not having to provide meter readings to the water utility (be-

cause this is done automatically by the DWM) was the least mentioned as very important 

motivator (19%). Interestingly, home owners have slightly more objections to a free offer 

of a DWM (p < .05; statement 4.1). The environmental argument was significantly more 

mentioned by women (p < .001). The environmental arguments also showed significant 

and relevant differences between customer profiles. The “aware & committed” consid-

ered this as the primary advantage and on average indicated it as important (p < .001). 

The “quality and health concerned” and “egalitarian and solidary” respondents also se-

lected the environment as their primary advantage (though somewhat less important) 

whereas the “down to earth and confident” respondents considered this as one of the 

least important advantage and rated this motivation as not important (p < .001). They also 

indicated that receiving water saving tips was the least important argument to accept the 

free offer of a DWM (p < .001).  

As mentioned about 15% of the respondents are likely to refuse a free offer of the 

DWM. Arguments for refusing a free DWM (statements 5.1 to 5.5) mostly relate to a 

doubt about the reliability of the water meter (mentioned by 22% amongst the respond-

ents that would refuse and mentioned by 3% of all respondents). This disadvantage is 

significantly more mentioned by “down to earth and confident” customers (p < .05). This 

result is somewhat unexpected, given that a strong belief in technological progress and 

convenience are important characteristic of this perspective (Brouwer et al. 2019). Spec-

ulatively, this may suggest that respondents with the “down to earth & confident” per-

spective regard the provision of DWM beyond the core task of drinking water utilities, an 

assumption that seems to be supported by the finding that these respondents are rela-

tively reserved with the idea of drinking water utilities investing in DWM. Also re-

spondents with lower education level, more frequently questioned the reliability of the 

DWM (p < .05). The second most selected argument to refuse the free offer of a digital 

meter was the worry that data would get in the hands of the wrong people (17% amongst 

refusers and 2% for all respondents). Interestingly, “egalitarian & solidary” respondents 

had significantly more worries about this matter (p < .05). Lack of information was only 
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for 10% an argument for refusing the offer. Accordingly, most respondents were indif-

ferent to receiving more information about DWM. In this respect highly educated re-

spondents tend to be more interested in receiving further information (p < .001).  

When asked whether the respondents are willing to pay for the DWM (statement 6), 

68% replied with no, 7% replied with an unconditional yes and 25% replied with yes but 

only if the water utility makes an interesting offer (20%) or if I can have the option to 

choose whether they share their data with the water utility or not (6%). Respondents that 

own a digital energy meters were significantly (p < 001) more likely to accept a free offer 

for a DWM. 88% of them would accept it whereas only 69% of the people that did not 

own a digital energy meter would accept the free offer. Familiarity with a digital energy 

meter therefore makes a difference in favour of also installing a DWM.  

Table 6. Public attitudes towards DWM. Statement 1 is the probability of accepting free DWM ranges from 1=unlikely to 10 

= very likely. Statements 2 and 3 range from 1=fully disagree to 5=fully agree. The advantages (4) are in percentages re-

plying it as important or very important. The percentage of respondents mentioning each disadvantages (5) is provided 

for all 1037 respondents and in between breakages are the responses of the 155 DWM refusers. Statement 6 shows the 

percentage willing to pay for DWM. 

Statements 
Tot

al 

Gender Education Perspective Rent/owner 

Wom

en 
Men High 

Me-

dium 
Low 

Quality 

& health 

con-

cerned 

Aware 

& 

com-

mitted 

Egali-

tarian & 

solidary 

Down 

to earth 

& con-

fident 

Hom

e 

own

er 

Rent 

incl. 

energy 

& wa-

ter bill 

Rent 

excl. 

energy 

& wa-

ter bill 

1 Probability of ac-

cepting free DWM  
7.16 7.11 7.21 

7.39* 

t = 

2.07 

(vs) 

7.03 7.00 6.99 

7.59*** 

t = 3.72 

(s) 

7.21 

6.57** 

t = -3.06 

(vs) 

7.07 7.32 6.99 

2 It is a good idea that 

my water utility in-

vests in DWM 

2.86 

2.95**  

t = 

2.72 

(vs) 

2.78 

2.95* 

t = 

1.98 

(vs) 

2.79 2.85 2.74 

3.04***    

t = 4.47 

(s) 

2.94*        

t = -2.06 

(vs) 

2.59***    

t = -4.24 

(s) 

2.89 2.87 2.97 

3 I want more infor-

mation about DWM 

benefits  

2.30 2.34 2.41 

2.43*

*  

t = 

3.06 

(vs) 

2.25 

2.16* 

 t = 

-2.03 

(vs) 

2.29 2.48 2.30 

2.04***    

t = -3.68 

(s) 

2.36 2.33 2.26 

4 Ad-

vantages 

free 

DWM 

  

4.1 No ob-

jections - 

Many bene-

fits 

56 58 54 62 55 48 50 62 59 48 

54*  

t = 

-2.01 

(vs) 

60 59 

4.2 No more 

reporting  
40 40 40 44 40 34 37 41 44 37 37 44 45 

4.3 Under-

standing of 

own water 

use 

49 51 47 53 49 43 45 54 52 41 45 54 51 

4.4 Lower 

costs 
53 56 49 58 52 46 48 59 56 44 50 57 51 

4.5 Leakage 

detection 
54 57 50 58 53 47 48 59 57 45 51 57 54 

4.6 Good for 

the envi-

ronment 

53 

57*** 

t = 

3.64 

(s) 

49 58 52 45 48 

61***  

t = 4.28 

(s) 

57*  

t = 2.12 

(vs) 

40***  

t = -6.87 

(s) 

50 58 51 

4.7 Receiv-

ing tips for 

water con-

servation 

49 51 46 51 48 44 41 56 51 

39***  

t = -2.71 

(vs) 

45 53 51 

5 Disad-

vantages 

free 

DWM 

5.1 No ben-

efits 

9 

(59) 
7 (52) 

10 

(66) 
9 (64) 

10 

(56) 

8 

(60) 
8 (67) 7 (63) 7 (47) 

14 (65)* 

t = -2.57 

(vs) 

10 

(66)*  

t = 

-2.02 

7 (55) 5 (36) 
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(vs) 

5.2 Lack of 

information 

1 

(10) 

1 (4)*  

t = 

2.37 

(vs) 

2 

(15) 
2 (12) 2 (10) 1 (7) 1 (11) 1 (8) 2 (12) 2 (10) 

2 

(10) 
1 (10) 1 (9) 

5.3 No per-

sonal data 

to water 

utility  

2 

(15) 
2 (11) 

3 

(19) 
2 (15) 2 (19) 

1 (7)* 

t = 

2.03 

(vs) 

3 (22) 

1 (10)*  

t = 2.00 

(vs) 

2 (12) 4 (20) 
2 

(12) 

3 (25)*  

t = -2.51 

(vs) 

0 (0)***  

t = 4.80 

(s) 

5.4 No per-

sonal date 

to malicious 

actors 

2 

(17) 
2 (18) 

2 

(15) 
2 (21) 3 (12) 

1 

(21) 
2 (17) 

1 (10)* 

t = 2.01 

(vs) 

4 (30)* 

t = -1.97 

(vs) 

0 (10) 
2 

(15) 

3 (23)*  

t = -1.99 

(vs) 

0 (0)***  

t = 5.00 

(s) 

5.5 Doubt 

reliability 

of DWM 

3 

(22) 
3 (19) 

4 

(25) 
3 (15) 

2 

(32)**  

t = 

3.17  

(s) 

3 

(10)*  

t = 

-2.44 

(vs) 

3 (22) 2 (17) 3 (20) 

6 (27)*  

t = -1.98 

(vs) 

3 

(21) 

4 (27)*  

t = -1.96 

(vs) 

0 (0)***  

t = 5.86 

(s) 

6 Willingness to pay 

for DWM 
39 39 38 42 38 32 43 

45* t = 

1.98 (vs) 
37 

26** t = 

-2.92 

(vs) 

40 41 39 

* p < .05; ** p < .01; *** p < .001. 

5. Discussion 

Various studies indicate that salient real-time water-use feedback through DWM in 

itself can enhance water short-term savings, but that this technique is inadequate to im-

prove water conservation in the long term (e.g. Nguyen et al. 2018; Boyle et al. 2013). In 

this paper, we identified three forms of tailoring that can support more persuasive DWM 

water-use feedback messages: messages tailored to (i) to people’s set of normative beliefs, 

motives and attitude towards water conservation, (ii) water-use activities and (iii) phase 

of decision-making. Next, we empirically-explored the attitude towards DWM amongst 

households that are not yet familiar with them. Section 5.2 will outline a four-step ap-

proach to account for the key findings of this study to be adopted in research and prac-

tice. However section 5.1 first briefly reflects on privacy aspects associated with DWMs.  

5.1. Privacy 

In our survey, privacy concerns about the DWMs where observed to be of low con-

cern for most respondents. To the opinion of the authors this is, however, no reason to 

disregard this issue. Indeed, the deployment of DWM is sensitive to privacy risk if data 

protection rights are not well accounted for (Rubio et al. 2017). One of these concerns is 

determination of personal behaviour patterns by external companies or the government. 

This can lead to companies using the behavioural information in specific campaigns or 

governments taxing specific uses (Espinosa and Lavrijssen 2018). Another privacy con-

cern is target home invasions. After all, the data indicates when people are not at home 

(Salomons et al. 2020). Our survey results show that only 6% of the respondents that 

would refuse a DWM do that because they are afraid the data will be misused by third 

parties. However, such number can easily change over time depending on privacy issues 

that may occur in society. In relation to DWMs there are three important factors to take 

into account (TNO 2012): 

1. Data granularity, the amount of measurements in a time unit. When the granu-

larity is high, information about people’s behaviour is exposed. 

2. Data actuality, more recent information gives information about recent behaviour. 

3. Data quantity, when more data is available better behavioural patterns can be 

found. 

DWMs give access to detailed information about a households’ water-use patterns 

with time-intervals of only a few seconds or minutes. When personal behaviour (daily 

routines) can become available to third persons, privacy can be at stake. In the energy 

sector, more extensive research and experience regarding digital meters has been ac-
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quired (Zabkowski and Gajowniczek 2013). From these experiences several precondi-

tions to preserve the privacy of end users can be identified. Utilities not only need to save 

their data in a highly protected environment, but employees who can access this data also 

need to sign a privacy declaration first (Zabkowski and Gajowniczek 2013). In addition, 

explicit agreement from every household in a building with DWMs is necessary (Espi-

nosa and Lavrijssen 2018). This is especially important when several households live in a 

rental building with one (external) owner. For utilities it is valuable to gain frequent (e.g. 

hourly) data and save this for several years to do behavioural research studies. This 

might be more data than necessary for leakage detection and feedback to customers. 

Therefore, it is important that households agree with the period of time that data will be 

stored and the measurement frequency (Espinosa and Lavrijssen 2018).  

5.2. Message-tailoring for DWM supported water conservation – a four-step approach 

As substantiated in this paper, messages tailored to water-use activities - particu-

larly the most water consuming activities of showering, watering the garden, cloth 

washing and dishwashing – can provide a strong incentive to reduce water consumption 

because they constantly remind people to change water-use patterns at the right time, 

with the right tailored information and without requiring additional efforts (Kurz et al. 

2005). Therefore, a more integrated approach may be explored for DWM that track the 

water use of separate household devices. Such meters are more expensive but also pose 

more opportunities to enhance water conservation. Four steps are outlined that specifi-

cally accounting for decision-making phase, water-use activities and a person’s perspec-

tive on drinking water: 

• Step I: Evoke water conservation awareness: Many world regions such as the Nether-

lands are just starting to introduce DWMs in households to enhance water conser-

vation. Therefore most individuals are not familiar with DWM. Accordingly, many 

people might not be well-acquainted with water scarcity issues, have little 

knowledge on how much water they use and how to reduce their water consump-

tion (Brouwer et al. 2021). It is essential to account for this when a utility invests in 

DWM for domestic water conservation. In the context of limited prior knowledge 

and (in many cases) limited problem awareness, people tend to be more receptive to 

moderately loss-framed messages such as “If we do not reduce our water consumption, 

prices will go up and our environment is harmed”. Importantly, messages that also hint 

to solutions may trigger people’s interest in the topic. These messages are likely 

particularly effective if the ease of water conservation is emphasized by simple tips 

and advice. Primary aim of these messages is that people are introduced to the issue 

and some level of awareness is evoked which will be helpful in step 2. Communica-

tions at this stage can vary from posters, folders, radio or social media. Water utili-

ties may also want to focus on specific areas were they have observed water 

over-demand that may have led to issues related to loss of pressure or tap water 

discolouration. In these places DWM supported water conservation is most advan-

tageous.  

• Step II: Emphasizing feasibility of water savings with digital meter: After triggering peo-

ple’s water conservation awareness, the DWM can be introduced as a more ad-

vanced way of supporting people in water conservation at home. People should get 

the feeling that new water saving behaviour patterns are rather easy to carry out 

with the support of a DWM. Like with water conservation itself, it should be em-

phasized that getting and using DWM does not require much time or effort. An offer 

to a DWM may be given using a default tactic. In addition, timing is also of essence. 

Offering a DWM during heatwaves or more generally during summer can be ad-

vantageous since people are more reminded of the impacts of drought via personal 

experiences or in the news. A utility could also give people a few weeks reflection 

period to consider the DWM offer. Such a strategy would help to select only people 

who have developed a more intrinsic motivation to reduce their water consumption.  
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• Step III: Anticipating people’s perspective on drinking water: Once people have decided 

to endorse the DWM, it is helpful to understand how this decision relates to the ex-

isting values and conviction in order to support them in implementing in imple-

menting water conservation behaviour. The data of this study suggests that such a 

normative based segmentation is a more telling indication of people’s attitudes to-

wards water conservation and DWM than more classical segmentation parameters 

such as gender or education. Through the answer on a single question (Table 1) 

people can relatively simply be profiled according to one of four perspectives on 

drinking water. In this way, no additional data mining is necessary, nor the transfer 

of additional personal data or socio-economic characteristics. The results show that 

respondents classifying as “aware & committed” are more likely to install a free 

DWM and is most interested in water-use feedback through in-home displays, be-

cause of their internal motivation to live more sustainably. Given the characteristics 

of this perspective, messages tailored to enhance their self-efficacy to live sustaina-

ble and that relate to their concerns about environmental degradation are likely 

most effective. “Down to earth & confident” respondents on the other hand, are less 

likely to install a free DWM and consider environmental reasons as one of the least 

important arguments. They would install a DWM primarily because it can lower 

costs and detect leakages. Accordingly, the installation of a DWM seems interesting 

for them but tailored messages focussed on changing behaviour (i.e., shorter show-

ers) seem less effective. Arguably, the potential cost savings (related to the conser-

vation of water and energy used for heating the water) can make a convincing ar-

gument for this group. In addition, the cost benefits of water-saving devices can be 

most appealing, in particular, it has to be emphasised that these devices do not result 

in a loss of comfort or require additional efforts. “Egalitarian & solidary” respond-

ents are sensitive to similar message tailoring as “aware & committed” respondents. 

However, they focus more on the principle that water has to be affordable for all. For 

this reason, it seems safe to assume that messages focussed on the reduced societal 

costs of prevented environmental degradation and infrastructure augmentation are 

more persuasive for this group. Accordingly, emphasizing the need to reduce water 

consumption in order to ensure continued service delivery for everyone including 

future generations may appeal to them. Finally, for “quality & health” concerned 

respondents are hardly persuaded by messages tailored to environmental, solidarity 

or financial values. They are primarily concerned about their health. Their interests 

in DWM or water conservation is slightly below average. Tailored messages for this 

group could be focussed on the possible mental health benefits of taking 

low-temperature (and therefore shorter) showers (Buijze et al. 2018).  

• Step IV: Tailored reminders of implementation intentions: A water conservation intention 

can be considered a prerequisite for DWM adoption. However, as most people 

know, good intentions - such as New Year Resolutions like going to the gym, stop 

smoking or adopting healthier diets - by no means guarantee sustained behaviour 

change. This intention-behaviour consistency gap is well-known in literature 

(Sheeran and Webb 2016) and it is this gap that can be addressed with the support of 

DWM. Based on a water-saving intention, a goal can be formulated which is often 

nothing more than a translation of noncommittal desires into a commitment that 

mentally obligates someone to realise the goal. However, people’s knowledge of 

their own water-use patterns tend to be rather low. Often an overall water use - for 

example 120 litres/person/day in the Netherlands - can be provided which often 

tends to form an unintended anchor for formulating a water conservation goal. A 

simple example of such an anchored goal is: reduce my water consumption from 120 

litres a day to 100 litres a day. Although goal-specificity and goal-proximity are an 

important attribute to goal implementation, the lack of prior knowledge of some-

one’s water-use patterns hamper the setting of attainable and specific goals. Inter-

estingly, DWM can provide this prior knowledge that is invaluable in goal setting 

and as a consequence can greatly contribute to water use reductions. Based on a 
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water consumptions related to (i) showering, (ii) watering the garden and (iii) 

dishwasher and washing machine, more specific goals can be formulated that di-

rectly relate to specific behaviour. Since users have a behaviour intention, the for-

mulation of promotion-framed goal that focusses on positive outcomes instead of 

framed as avoiding negative outcomes can be supported as well to enhance goal 

attainment. In order to fulfil such (for most people) rather complex water-saving 

goals, it is important to specify when, where and how to respond in a range of 

foreseeable situations in a way that lead to goal attainment. This is known as im-

plementation intentions (Gollwitzer 1999). By formulating a set of implementation 

intentions (i.e., When situation x arises, I will perform response y), anticipated crit-

ical situation are linked to goal-directed responses. In this way, various situational 

decisions that require a lot of willpower or mental energy are not required. In fact, 

after numerous of similar situations such goal-oriented actions may even occur 

without much thought and become more automatic and effortless. DWM and im-

plementation intentions can reinforce each other in the pursuit of water conservation 

behaviour. 

6. Conclusion 

The goal of this study is to obtain insights into the attitude towards the introduction 

of Digital Water Mater (DWM) and explore opportunities for message tailoring. We con-

clude that messages tailored to (i) to people’s set of normative beliefs, motives and atti-

tude towards water conservation, (ii) water-use activities and (iii) phase of deci-

sion-making, are particularly promising in enhancing water conservation behaviour. In 

this context, DWMs that track the water use of separate household devices provide am-

ple opportunity to support people in fulfilling their water conservation intentions. 

Through a large-scale survey in the Netherlands, we observe that 93% of respondents 

have no objections if their utility invests in DWM and 78% would accept a free DWM 

because of improved leakage detection, lower costs and environmental considerations. 

Interestingly, not having to report meter readings was the least considered advantage. In 

addition, people that already owned a digital energy meters are more likely to accept a 

free DWM offer. Beyond socio-economic segmentation approaches, we observed that an 

attitude-based segmentation may be more promising approach to appeal to a person’s 

motivation to endorse DWM and forms a promising basis for message-tailoring strate-

gies. As such, frequent tailored water-use feedback seem most feasible for respondents 

classifying as “aware & committed” perspective on drinking water (emphasizing joint 

sustainability efforts) or “egalitarian & solidary” perspective on drinking water (empha-

sizing equality for disadvantaged people now and in the future). The other two perspec-

tives that are focused on comfort (down to earth & confident) and health and water 

quality (quality & health concerned) are primarily interested in DWM for leakage detec-

tion and cost reductions. Finally, the deployment of more advanced DWMs that that 

track the water use of separate household devices may also require a more advanced 

strategy to support the water conservation intention of households in regions most af-

fected by droughts or drinking water supply issues. On the basis of our work, we pro-

pose to this end an advanced strategy can be summarised in four steps: 

I. Evoke water conservation awareness 

II. Emphasizing feasibility of water savings with digital meter 

III. Anticipating people’s perspective on drinking water 

IV. Tailored reminders of implementation intentions 
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