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Abstract 

 

Progress in water conservation is dependent as much on human behavior as on the promise of 

new technologies. Digital feedback-based interventions present an opportunity to bring these two 

factors together, as increasingly sophisticated technologies can help change behaviors rather than 

simply solving problems caused by those behaviors. This article explores the various options and 

opportunities for adopting feedback-based interventions – those that communicate information 

for the purpose of encouraging individuals to alter water consumption habits. Lessons proposed 

are applicable to any realm in which individual human behavior contributes to a collective 

environmental or social problem. Focusing on five determinants of success (design, delivery, 

content, integration, and commitment), this article presents findings of related studies and 

fashions them into a suite of recommendations that serves as a template for practice and agenda 

for future research. The underlying theme – that technology is no absolute substitute for 

behavioral change but can be one catalyst for it – contributes to broader discussions about the 

relationship between human systems and the environment. 

 

Keywords: smart water management; digital feedback; water conservation; sustainability; public 

policy 

 

1.  Introduction 

 

A feedback-based intervention is a mechanism that seeks to alter habitual or ingrained behaviors 

through the targeted provision of information. As habits are often the by-products of “learned 

cue-behavior associations” (Wood and Neal, 2009) prompted by environmental stimuli, 

feedback-based interventions seek to arrest counterproductive habits through information-based 

cues. These interventions operate through the collection of relevant information about an 

individual’s behavior, translation of that information in a way that is legible and meaningful to 

the individual, and communication of the results in a timely and appropriately frequent manner.  

 



Hartley, Lim, and Tortajada (2021); Digital Feedback for Water Conservation                           2 

Feedback by physical means to encourage pro-social or pro-environmental behavior is typically 

direct (in-person) or indirect (e.g., posters, pamphlets, and other types of public 

communications). Collecting information to personalize direct feedback at scale can require 

substantial time and effort to coordinate and execute (Hermsen et al., 2016). Feedback 

communicated indirectly, by comparison, is limited in its targeting precision (Quinn et al., 2010). 

 

These constraints have inspired the adoption and novel application of digital technologies, which 

have the potential to revolutionize feedback-based interventions and circumvent the limitations 

of traditional data collection methods and feedback delivery mechanisms (Hermsen et al., 2016). 

Technologies such as ‘smart’ sensors and wearable devices enable data to be collected and 

processed in real-time with high detail. An example is the use of tracking wristbands for 

individuals serving COVID-19 quarantine in Hong Kong.1 These exemplify the type of personal 

data-collection capacity that is being adopted for measuring consumption patterns in public 

utility services (e.g., water and energy). Regarding feedback, mobile applications and digital 

dashboards offer novel ways to personalize and instantaneously deliver messages with high 

frequency over long periods of time; additionally, fewer resources are required than with 

alternative (non-digital) methods. 

 

These types of technologies can be broadly termed ‘digital feedback-based interventions’ 

(hereafter, ‘digital interventions’) – systems that enable utility service providers to communicate 

consumption information in real-time through online portals, text messages, email, social media, 

and digital read-outs on appliances. This feedback can include not only individual user and 

household data but also that data in combination with broader information contextualizing or 

comparing the target user’s behavior to that of others; the typical objective is to encourage the 

user to alter behavior in a way that is socially or environmentally optimal. 

 

With the ability to gather, analyze, and communicate detailed data on a scalable basis, digital 

interventions have the potential not only to influence individual behavior but also to economize 

and personalize utility services and ultimately serve broader goals related to sustainability. 

Recognition among water experts and professionals about this potential is described in a quote 

by Hartley and Kuecker (2020): “policy actors, after years of refining it through digital 

transformation, increasingly embrace [smart water management] as a tool for facilitating 

integrated water resources management across manifold policy domains including sourcing, 

delivery, quality, and resilience amidst external threats like floods and droughts. Policy actors 

see [smart water management] also as a pathway towards broader social, economic, 

environmental, and governance objectives, as consistent with the visions of the United Nations 

Sustainable Development Goals” (p. 1-2).  

 
1 https://www.coronavirus.gov.hk/eng/stay-home-
safe.html#:~:text=If%20you%20are%20subject%20to,to%20put%20on%20a%20wristband.&text=Upon%
20arrival%20at%20Hong%20Kong,Government%20after%20you%20return%20home. (accessed 28 Aug 
2020) 
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In exploring the potential for digital feedback to help support the broader smart water 

management agenda, this article proceeds with an overview of its use in water conservation and 

offers an analysis of best practices across five determinants of successful intervention: design, 

delivery, content, integration, and commitment. 

 

2. Digital feedback in water conservation 

 

The post-drought experiences of Cape Town (Rodina, 2019) and São Paulo (Braga and Kelman, 

2020) illustrate how water conservation behaviors can be shaped into durable and sustained 

habits. Such efforts require the coordination of policy interventions, messaging, and incentives. 

Conversely, wasteful consumption habits can, amidst weakly coordinated or absent feedback, 

become ingrained as individuals fail to realize the extent or consequences of their actions. Even 

when information is available, some individuals may still not connect evidence of wastefulness 

with their own habits or may lack the knowledge and will for corrective action. 

 

Studies show that digital interventions can be an efficient means for collecting data about and 

communicating with water users – including the management of large amounts of information at 

a broad scale (Konopko, 2016; Rathore et al., 2016; Mudumbe and Abu-Mahfouz, 2015; Gurung 

et al., 2014; Benzi et al., 2011). An example of such technology is ‘smart’ water meters, which 

monitor consumption patterns, process data, and communicate information in real-time (Owen, 

2018; Monks et al., 2019; Cominola et al., 2015). With this capability, water utilities are able to 

provide near-instantaneous feedback to households about water consumption – for example, 

through online portals and mobile applications. Further, this process can be automated to reduce 

resource needs and increase efficiency. The flexible nature of digital platforms also enables 

feedback to be presented in innovative, interactive, and meaningful ways; an example is 

‘gamifying’ individual consumption through comparisons among households (Johnson et al., 

2017; Morganti et al., 2017). Digital interventions at the individual or household level are 

scalable in that they can be replicated and distributed through technologies that already exist in 

homes (e.g., smart meters) or are owned by users (e.g., smartphones). 

 

Water demand management research has generally been mixed to marginally positive in its 

evaluation of the efficacy of digital interventions in changing utilities’ consumption behavior. A 

meta-analysis conducted by Hermsen et al. (2016) revealed that the majority of 72 analyzed 

studies demonstrated the efficacy of digital interventions for water consumption. By contrast, an 

analysis examining 27 studies of energy consumption (Chatzigeorgiou and Andreou, 2021) was 

unable to determine an average savings effect for digital interventions and found that effect sizes 

demonstrated a wide variance. A review of 25 studies by Liu and Mukheibir (2018) identified 

ranges of water savings across both digital and non-digital interventions; online portals 

(including options to receive alert messages) accounted for the upper end of the range (3 percent 
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to 10 percent) and in-home displays the lower end (4 percent to 8.5 percent). The Liu and 

Mukheibir (2018) survey also found that real-time or near-real-time data, for which digital 

capacity is typically needed, produced a water savings range of 4 percent to 10 percent. The 

authors conclude that there is no single type of intervention that excels above the rest, and that 

water utilities should proceed with the ‘most appropriate’ type for the situation.2 

 

Measurements of efficacy cast in terms of benefits and costs (Cominola et al., 2015) vary across 

types of digital interventions. For example, a study by Nauges and Whittington (2019) found that 

‘social norms information treatments’ allowing consumers to compare their usage patterns with 

those of other users yielded a benefit-cost ratio of 0.9 in low- and middle-income countries and 

0.7 in high-income countries (both ratios were lower than those for tariff increases). Regarding 

the measurement of benefits specifically, MacRae Jr. and Whittington (1988) recognize that such 

measurements account for social perceptions and preferences – stated or revealed – with 

implications for the kinds of tools and methods included (or excluded) in policy analysis. 

 

Providing another systematic review of studies concerning the relationship between digital 

feedback and water consumption is beyond the scope of this discussion. Existing review studies 

are sufficient bases to accept that digital interventions have shown some positive potential, but 

results vary across studies based on intervention type (i.e., digital or non-digital), context, and 

other factors. Even in the absence of such certitude, the efficacy of digital interventions can be 

inferred from studies about the efficacy of non-digital interventions that can be extended and 

optimized through technology. Indeed, efforts to provide information in non-digital ways (e.g., 

through paper reports) have generally proven to encourage water savings (Legault et al., 2018; 

Brick et al., 2017; Schultz et al., 2016; Brent et al., 2015; Datta et al., 2015; Ferraro and Price, 

2013; Kenney et al., 2008; Kurz et al., 2005). 

 

Based on the above findings, digital interventions that take the same underlying approach as 

successful non-digital interventions (e.g., comparisons and ‘gamification’) should invite policy 

interest – particularly for technologies that appear to play a central role in users’ everyday lives. 

For example, Chatzigeorgiou and Andreou (2021) argue that “mobile phones [are] a promising 

platform for further [digital intervention] research, as these exhibit an increasing level of 

integration in users' everyday life” (p. 14). Indeed, there is potential for digital interventions to 

influence water consumers as non-digital alternatives become anachronistic over time and thus 

less effective. As such, this article aims to provide insight into the optimal, standardized, and 

scalable utilization of digital interventions for water demand management. The remaining 

discussion of best practices is predicated on the cautiously optimistic notion that digital 

 
2 According to Liu and Mukheibir (2018), the efficacy of selected non-digital interventions was not found to 
be notably lower than that of digital interventions; examples of the former include post cards (7.9 percent 
savings) and letters/phone calls (6.9 percent). 
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interventions can be as effective as, or more effective than, non-digital interventions – 

recognizing that further research is still needed. 

 

 

3. Best practices for digital interventions 

 

This section provides a summary of best practices for maximizing the impact of digital 

interventions, organized into five determinants of success: design, delivery, content, integration, 

and commitment. These determinants, sub-areas (if any), descriptions, and best practices are 

summarized in Table 1. 

 

 

 

Table 1: Five determinants of successful digital interventions 

 

Area Sub-Area Description Best Practice 

Design Technology 

channel 

Type of technology used (e.g., 

mobile phone app, digital display) 

No best practice; dependent on 

individual preference* 

Feedback 

modality 

Visual, auditory, tactile, or 

combination used to deliver 

feedback 

Determine modality based on 

extent of disruption and/or detail 

of message desired 

User experience Visual design and usability; ease 

of understanding feedback 

Designs should be user-friendly, 

intuitive, and aligned with the 

intent of the intervention 

Delivery Timeliness How soon feedback is delivered 

after behavior is performed (i.e., 

delayed or concurrent) 

Convey feedback in real-time 

where possible and feasible** 

Frequency How many times feedback is 

delivered within a certain 

timeframe 

No best practice; set frequency 

high enough for user engagement 

Duration Period between first and last 

feedback delivery 

Extend duration of the 

intervention for as long as 

possible, assuming continued 

efficacy, for the cultivation of 

long-term habits*** 

Disruptive- 

ness 

Extent to which feedback disrupts 

the individual’s behavior 

No best practice; manage 

disruption levels so that user 

remains receptive to intervention 
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Content Feedback sign Whether the feedback is framed 

positively or negatively 

Sign based on conditions and 

historical efficacy in given 

context; positive for new 

systems, negative for older 

systems 

Information 

provision 

Extent to which feedback 

comprises only information about 

water consumption behavior 

Supplement with other methods 

of conveying information (e.g., 

feedback comparison) 

Personalization Extent to which feedback is 

tailored to individual’s 

characteristics and preferences 

and to the targeted behavior; self-

comparison with historic data 

Personalize feedback as much as 

possible 

Integration Lifestyle Extent to which feedback is 

integrated into other aspects of an 

individual’s lifestyle (e.g., 

appliances, social media, signage) 

Provide additional conduits for 

feedback across various 

intervention types  

Other 

intervention 

Extent to which feedback is used 

in conjunction with other forms 

of behavior change interventions 

No best practice; consider 

combining various types of 

feedback-based interventions 

Commitment Extent to which individuals are 

engaged and able to demonstrate 

sustained commitment to 

behavior the intervention suggests 

Prepare engagement strategy to 

ensure long-term commitment 

and motivation 

*See Liu and Mukheibir (2018; Table 1) for relative percentage savings across digital and non-digital 

feedback (e.g., in-home displays, online portals, paper displays, and smartphone apps) (0 percent to 10 

percent) 

**See Liu and Mukheibir (2018; Table 1) for relative percentage savings across communication 

frequencies (2.8 percent to 24.1 percent) 

***See Liu and Mukheibir (2018; Table 1) for relative percentage savings across intervention duration 

lengths (4 percent to 8.5 percent) 
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3.1 Design 

 

3.1.1 Technology channel 

 

Design in this instance refers to elements of technological design that underlie feedback content 

and delivery, as categorized into three sub-areas: technology channel, feedback modality, and 

user experience. First, choice of technology channel shapes intervention type in that each 

channel has characteristics that limit or enable how feedback is designed and delivered. For 

example, feedback sent via text message can be effective but also limited in both timeliness (i.e., 

how soon feedback is received after the behavior is performed) and content volume (i.e., 

restricted to character limits based on mobile carriers’ SMS restrictions; Hall et al., 2015).  

 

There is no study that experimentally compares the efficacy of technology channels, according to 

the meta-analysis conducted by Hermsen et al. (2016). Efforts by Liu and Mukheibir (2018) to 

compare results of studies based on choice of intervention type (e.g., paper, digital portal, 

combination) confirmed findings from Hermsen et al. (2016) that technology channel type has no 

association with efficacy, despite its impact on design and delivery of the intervention. Though 

underlying other factors that constitute an intervention (e.g., content and delivery), technology 

channel choice may itself be overshadowed. 

 

3.1.2 Feedback modality  

 

Modality, a subset of technology channel, refers to method of feedback delivery: visual, 

auditory, tactile, or a combination of the three. Like choice of technology channel, each modality 

has unique characteristics. Individually, the three main modalities can be evaluated on levels of 

detail and disruptiveness. According to research on feedback modality (Quintal et al., 2012; 

Warnock et al., 2011; Hoggan and Brewster, 2010; Hoggan et al., 2009; Braverman, 2008; 

Lieberman and Breazeal, 2007), visual feedback has the highest capacity for providing detailed 

information but is also the most disruptive with regard to recipient experience. Tactile feedback 

lacks detail but is the least disruptive, while auditory feedback falls between the two on both 

spectrums.  

 

There is scant research comparing the three as feedback-based interventions. However, 

multimodal feedback – the use of multiple modalities concurrently – has been shown more 

effective for influencing behavior than has single-modality feedback (Quintal et al., 2012; 

Hoggan and Brewster, 2010; Lieberman and Breazeal, 2007). Though yet to be examined in the 

context of water consumption, each modality is thought to hold relative benefits in supporting 

behavior change. For example, in noisy settings, tactile feedback in smartphones catches user 

attention better than does auditory feedback; vice-versa in quiet settings (Hermsen et al., 2016).  
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3.1.3 User experience 

 

User experience refers to the experience of the individual receiving and interacting with 

feedback, broadly encompassing appearance, understandability, and ease of use. More broadly, it 

refers to user comfort. Examples include the incorporation of charts or games, information that is 

eye-catching amidst other details, and subtle cues that are intended to shape perception (e.g., 

professionalism and intuitiveness of the interface). Research has shown that user experience 

impacts the efficacy of an intervention. For factors like website appearance and typography, 

visual design can shape a user’s attitude towards the behavior intended by the feedback (Tuch et 

al., 2012; Larson and Picard, 2005; Tractinsky et al., 2000). Attitudes also determine the extent 

to which interventions shape mindsets and behaviors, so it is crucial to ensure that individuals 

perceive the feedback favorably. Relatedly, studies reveal that the frequency with which pro-

environmental behaviors are performed is positively correlated with ease of completion (Fujii, 

2006). As such, feedback-based interventions should be as understandable and actionable as 

possible. 

 

How to ensure optimal user experience is less clear. Consolvo et al. (2009) suggest that an 

intervention be aesthetically pleasing, unobtrusive, and comprehensive. Designing for usability 

and understandability, even at the expense of pure aesthetics, is likewise suggested (Nakajima 

and Lehdonvirta, 2013; Rodgers and Bartram, 2011), and individuals were found to prefer a 

visual appearance that matches the intended purpose of the channel (O’Kane et al., 2015). 

Studies of feedback-based interventions for water demand management specifically have 

identified elements that enhance user experience. For example, as a blunt heuristic, more 

information is generally better but there are limits. The provision of consumption data 

disaggregated by appliance, along with frequent and detailed feedback, is found more effective 

(Sonderlund et al., 2016; Erickson et al., 2013; Froehlich et al., 2010). However, increased 

amounts of information provided can compromise understandability and usability. Care must be 

taken not to alienate, distract, or overwhelm the targeted individual with excessive amounts of 

data. Regarding presentation, simplicity and clarity were reported to contribute to the influence 

of graphs as sources of information (Sonderlund et al., 2016). 

 

3.2. Delivery 

 

3.2.1 Feedback timeliness 

 

Delivery relates to time-related factors for how data are communicated to users, as categorized 

into feedback timeliness, frequency, and duration. Feedback timeliness refers to the speed with 

which feedback is delivered after a behavior has been performed. Delayed feedback occurs 

within a certain period after the behavior and/or its consequence have occurred, while concurrent 

feedback occurs in real-time as the behavior occurs or immediately thereafter. Generally, 
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concurrent feedback is more effective, as immediacy supports better and faster learning 

regarding cause-effect relationships (Ehrhardt-Martinez et al., 2010; Froehlich et al., 2010). In 

some cases, concurrent feedback also provides the individual an opportunity to immediately 

revise the undesired behavior. For example, studies of electricity consumption show greater 

efficacy of feedback provided in near real-time as compared to feedback delayed (Darby, 2006). 

 

Digital interventions can support delivery of timely feedback, including feedback delivered to 

large target groups in a resource-efficient manner, but this is dependent on choice of technology 

channel. For example, feedback via mobile app can be timely because many individuals pay 

close attention to their smartphones, while in-home displays provide timely feedback only if the 

individual is in the vicinity when performing the associated action. Furthermore, timely feedback 

is helpful only if the behavior can be tracked with relative precision and if there are unique 

consequences from the behavior that can be incorporated into feedback. 

 

3.2.2 Frequency 

 

Frequency refers to the number of times feedback is delivered within a fixed period. The 

theoretical expectation is that higher frequency correlates with higher efficacy. Providing 

consistent reminders helps reinforce a message, thereby steering the individual internalize the 

information in the long-run. In the case of fostering behavioral change, habits are often stubborn 

in that individuals easily revert to old patterns. Higher frequency of feedback helps disrupt the 

undesired cue-behavior association long enough for the individual to develop new cue-behavior 

associations (i.e., habits). Studying household energy consumption, Fischer (2008) found that 

high-frequency feedback over a long duration was more effective than were alternative 

approaches; this was supported by Liu and Mukheibir (2018) in examining water consumption 

behaviors. 

 

Literature on this topic, however, is inconclusive. No study directly compares the effect of 

varying frequencies of feedback while controlling for other factors (Hermsen et al., 2016). The 

findings referenced earlier were derived from comparisons of studies that had differing aims and 

contexts, including type of behavior targeted and duration of the intervention (Lally and Gardner, 

2013). As such, it is difficult to conclude whether higher frequencies are more effective. 

Furthermore, frequency is difficult to assess in digital interventions (Liu and Mukheibir, 2018). 

In the case of ‘push-based’ feedback (occurring at a designated time), information is delivered 

but fails to elicit active engagement; the individual might fail to notice the feedback until later or 

simply choose to ignore it. On the other hand, for ‘pull-based’ feedback (available at any time), 

frequency reflects how often the information is updated or how often the individual accesses the 

information. It is prudent to note that the former fails to consider that information availability 

does not necessarily equate to information exposure, while the latter is dependent on self-

determined feedback frequency (i.e., the user has control). 
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3.2.3. Duration 

 

Duration refers to the period between the first and last feedback item delivered; it refers 

specifically to the intervention rather than the effect of the intervention (i.e., the behavior that 

results). Cases used in studies of digital interventions are often limited in duration of the 

intervention, usually spanning only a few weeks to a few months. There is no consensus about 

optimal duration, as few studies have been conducted over a period longer than a year (Liu and 

Mukheibir, 2018). It is possible that longer duration may help ingrain long-term behavioral 

change, but there may also be decreasing marginal returns; further research is needed on the 

relationship between duration of interventions and duration of their effects. For example, 

individuals may grow accustomed to feedback and fail to notice it, thereby rendering the 

intervention less effective. Some studies find the possibility of ‘rebound effects’ in which the 

potency of interventions fades over time; for example, many studies demonstrate that water 

consumption habits tend to revert to their pre-intervention state (Liu and Mukheibir, 2018). 

Conversely, when feedback is renewed or reinstated, intervention potency persists for a longer 

period of time (Liu and Mukheibir, 2018). After an intervention is complete, it may be beneficial 

to provide digital feedback on an occasional basis to remind individuals to retain or reinforce 

newly adopted habits. Additional research is needed to determine the efficacy of such an 

approach.  

 

3.2.4. Disruptiveness 

 

Disruptiveness refers to the extent to which feedback positively disrupts the individual in the 

interest of provoking behavior change. For some interventions, disruptiveness may be 

strategically maximized to interrupt the individual while the undesired behavior is undertaken. 

This strategy is useful particularly in conjunction with concurrent feedback (i.e., that delivered in 

real-time), with the purpose of nudging the individual to change the behavior immediately. 

 

Disruptiveness can be a contentious factor with significant trade-offs. Highly disruptive feedback 

risks triggering reactance or abandonment of a task (Hermsen et al., 2016). Recipients of 

feedback delivered in an aggressive or off-putting manner may react counterproductively, even 

altering their behaviors to circumvent measurement and feedback. For example, the WaiTEK 

Shower Monitor is a device that continuously beeps after a fixed period of time, reminding an 

individual to leave the shower (Stewart et al., 2013). The device was designed to be audible 

across an entire dwelling unit – something that could provoke negative sentiment from the 

showering individual and other members of the household. This would be an unsustainable 

intervention, and in a worst-case scenario could provoke the showering individual to remove the 

device and take an even longer shower than before the intervention was attempted. 
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To some extent, level of disruptiveness runs contrary to the quality of user experience: the more 

disruptive the feedback is, the worse the user experience may be. For some interventions, 

disruptiveness is a negative trait that must be minimized to protect user engagement. Hence, if a 

disruptive intervention is an essential element, it must be mindfully designed with consideration 

for user experience. 

 

3.3 Content 

 

3.3.1 Feedback sign 

 

Content refers to the nature and format of information delivered to users, as categorized into 

feedback sign, information provision, and personalization. Feedback sign refers to whether the 

content is framed positively or negatively. Studies comparing the effect of rewards and penalties 

on engagement (Jain et al., 2012) and the effect of positive and negative feedback on work pace 

interruptions (Liu et al., 2014) found a greater effect for positive feedback than for negative. 

Moreover, the latter study found that negative feedback can increase performance but cause 

greater stress levels. In a meta-analysis of feedback signs, Hattie and Timperley (2007) found 

that positively framed feedback was more effective than negatively framed feedback.  

 

Feedback sign is a salient issue when considering interventions related to sustainability. 

Examining the effect of political attitudes on pro-social environmental behavior like recycling, 

Coffey and Joseph (2013) found that politically conservative-identifying respondents were less 

likely to pay close attention to recycling than were liberal (non-conservative) respondents. The 

study also found that conservative respondents were more likely to believe that the news media 

overstate the threat of climate change. This is notable because feedback to induce pro-

environmental behaviors should be sensitive to the predisposition of some individuals towards 

skepticism and resistance. Arguably, positive feedback is likelier to work better than negative 

feedback among such subgroups. However, level of experience and expertise of the user with a 

particular intervention can determine which feedback sign may be most appropriate. According 

to Fishbach et al. (2010) in a review of psychology research, positive feedback is more effective 

when the target is a novice in the given activity, whereas negative feedback is more effective 

when the target is experienced. 

 

3.3.2 Information provision 

 

The provision of information is hypothesized to be effective because individuals often have little 

idea about the extent or effects of their behaviors (e.g., how much water they use; Benzoni and 

Telenko, 2016; Attari, 2014; Beal et al., 2013). Informational feedback can inform individuals of 

the consequences of their actions, encouraging them to alter their habits. However, studies about 

the effect of information alone are unclear. Those finding provision of information effective 
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include a study by Beal et al. (2013) identifying improvement in ‘water literacy’ through 

reduction in the discrepancy between actual and perceived water consumption. Additionally, 

Kurz et al. (2005) find that labels providing water-saving tips at points of consumption around an 

individual’s home and garden led to water savings, while the provision of information leaflets or 

socially comparative feedback had no effect. On the other hand, Schultz et al. (2016) find that 

the provision of water-saving tips (without consumption feedback) showed no impact on water 

consumption, while the added use of descriptive norms (e.g., about similar households’ usage) 

and aligned norms led to savings. In a study of high-consumption users, Seyranian et al. (2015) 

found that information (paradoxically) led to increased usage while use of social norm-based and 

personal identity-based framings led to decreased usage.  

 

Other limitations of information provision include the possibility that individuals fail to 

understand the information provided, particularly concerning more technical aspects; this can 

depend on how the information is conveyed (e.g., use of graphics, analogies, and summaries). 

Further, individuals may not understand how to apply the information provided, underscoring the 

need to connect information and behaviors in the communication process. In several studies, 

information about how to use feedback to reduce consumption was shown to be effective 

(Fielding et al., 2013; Erickson et al., 2012; Froehlich et al., 2012; Ferraro et al., 2011). 

 

3.3.3 Personalization 

 

Variations in user characteristics and circumstances suggest that feedback should be personalized 

(Kaptein et al., 2012; Noar et al., 2011; Noar et al., 2007). Alternatively, individuals can be 

provided with the capacity to select information they find most interesting and relevant. Such 

tailoring encompasses use of negative, positive, or neutral feedback (i.e., feedback sign), offers 

social, historical, or normative comparisons (or no comparison at all), and can be done with 

increasing or decreasing levels of detail. 

 

In a household where responsibility for resource consumption is shared, personalization of 

feedback can assign individual responsibility and transform role perceptions. For example, 

Wallenborn et al. (2011) argue that wasteful behavior in energy use can arise from differing role 

perceptions about cleanliness standards, and that varying levels of technical insight in families 

might lead to conflicts about feedback and related behavior. Kappel and Grechenig (2009) 

likewise find a household role-effect concerning information about water usage for showering. 

Such studies provide insight into how social interactions influence feedback effects. Feedback on 

performance can encourage discussion among household members, which may itself lead to 

behavior change, conflicts, or role clashes. Personalizing feedback to a specific type of behaviour 

may also be more effective than general feedback (e.g., nudging and providing tips; Froehlich et 

al., 2010; Winett et al., 1978). Additionally, algorithm-based recommender systems can be used 

to achieve greater levels of personalization (Rahim et al., 2020). 
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3.4 Integration 

 

According to Locke and Latham (2002), goals are translated into behavior in four ways: 

channeling attention, energizing efforts, encouraging persistence, and compelling actors to learn 

new skills and strategies. Regarding the latter, technology offers an opportunity to achieve the 

type of integration that allows actors to connect goals with behaviors and to learn new skills in 

doing so. For example, Koech and Gyasi-Agyei (2018) and King (2018) describe how 

technology can enhance the sophistication of water metering while integrating data about usage 

from various appliances. This illustrates to users the interconnectedness of consumption systems 

and underscores how conservation behavior in one aspect relates to the whole. 

 

Additionally, the use of social media for integrating technology and measurement of water or 

energy usage is a potential intervention underexplored in the literature. This approach has 

promise in the sense that social media can shape pro-environmental behavior through the 

influence of networks and personal connections – particularly in gamification (competitions), 

comparisons, and public signals of commitment. Successfully integrating such measures into 

users’ daily experiences is contingent on maintaining attention and avoiding a ‘background 

noise’ effect from unrelated information (Bentley et al., 2013; Jain et al., 2012; Wallenborn et 

al., 2011).  

 

3.5 Commitment 

 

The final determinant is commitment – the pledge made by a user to adhere to a behavior, 

expectation, or goal. Elements of commitment include details about the nature and degree of 

commitment, how long the party is accountable, and the degree of public visibility of the 

commitment (Gonzales and Aronson, 1988). Jacquemet et al. (2013) find in an experiment that 

participants who took an oath as a signal of commitment treated conditions of the activity as 

binding and were more inclined to be truthful. Regarding pro-environmental behavior, 

commitments and pledges as validated by signatures were found to increase recycling (Wang and 

Katzev, 1990) and commitments made ‘publicly’ led to reductions in energy consumption 

(Pallak and Cummings, 1976).  

 

Commitment implies the possibility of either success or failure, with the committing party 

incentivized to signal success by following-through. Technology can thus provide mechanisms 

by which commitments and their fulfilment are made transparent to an audience, enabling more 

accountability should the individual choose to submit thereto. In particular, social media is an 

example of a venue where commitments are made as a signal of interest about certain issues. 

Examples are ‘pledge systems’ (Liu et al., 2017) that enable users to commit to particular 

actions, for example on matters of water consumption. 
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4. Recommendations 

 

This section outlines recommendations that correspond to the subsections of the previous 

section. First, there is no best practice for choice of technology channel. Other factors like cost 

of delivery and goals should take priority when identifying an appropriate technology channel.  

The benefits of selecting the proper channel include more efficient and effective alignment with 

policy goals and the ability to leverage digital advancements. Costs vary according to the 

technology chosen and include switching costs in the event that a given technology does not 

produce the desired results. Broader risks include the possibility of communicating 

misinformation to users and thereby confusing them or misguiding their actions (Nauges and 

Whittington, 2019). 

 

Digital interventions rely most commonly on visual modality alone; indeed, this modality has 

the flexibility to communicate information in multiple forms using as much detail as desired. 

However, research has shown that there is no imperative to rely solely on visual modality. No 

modality has been proven more effective than others and no intervention needs necessarily to be 

restricted to only one modality. Thus, modality should be evaluated against intended goals and 

strategically chosen.  

 

User experience is an evident determinant of engagement with and commitment to an 

intervention. It should be a high priority, with all forms of feedback having a suitable appearance 

and being user-friendly and intuitively understandable. A pilot version of a proposed intervention 

is recommended to measure and adjust user experience. The benefits of high-quality user 

experience are increased likelihood of engagement by users, while the costs are minimal and 

may include only the additional effort to design and update digital interfaces. 

 

Feedback should be as timely as possible where feasible, suitable, and effective. There is no best 

practice for feedback frequency, and based on the research it should be a secondary 

consideration compared to other factors like timeliness. For example, frequency or a mix of 

frequencies might be one among multiple considerations for optimizing user engagement, in 

which water consumption data may be delivered (for example) twice per year but combined with 

water conservation tips on a monthly basis. The duration of the intervention should be as long 

as financially and technically feasible, provided that the intervention continues to maintain 

efficacy. One option is to begin with high levels of feedback engagement to change initial 

behaviors and subsequently maintain the intervention at a lower intensity (e.g., reminders once 

per year).  

 

Regarding disruption, there is no best practice. The level of disruptiveness should be managed 

carefully, balanced between achieving the aims of the intervention and ensuring that the 

individual remains receptive to the intervention. The risk is that a level of disruption seen as 
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unacceptable by the user may compel the user to disengage with the intervention and revert to 

previous behavior patterns. Regarding feedback sign, in general it has been shown that feedback 

should be framed positively. If content is unavoidably negative, a positive angle should be 

identified and paired with affirmative messaging. Further, if the intervention uses social norms 

(Koop et al., 2019) and/or historical information to ‘shame’ individuals into adopting certain 

behaviors, it should likewise be paired with affirmative messaging. According to Fishbach et al. 

(2010), however, negative feedback may be more effective among users who have longer 

experience with a particular activity or intervention. 

 

Regarding information provision, information should be understandable and presented clearly. 

One option is to present water consumption in tangible terms (e.g., rather than in gallons used 

per day, presented in intuitively relatable terms: “amount of water consumed today = 1 

swimming pool”). Given that there is no clarity about whether and what type of information 

provision is effective, it may be prudent to provide a combination of information types. 

Examples are feedback for gamification, including that comparing current data with similar or 

proximate users, comparing historical data for the same user, and making general references to 

social norms based on data. Costs include the efforts to gather, analyze, and communicate data; 

broader risks include the perception that sensitive personal information about usage patterns is 

being made public. 

 

Systems should personalize feedback approach where possible (e.g., delivery and content) based 

on individual motivation, characteristics, and living arrangements; this information can be 

collected from a survey. The more targeted the feedback, the more effective; examples are 

disaggregation of water consumption per appliance and assignment of water consumption per 

individual. At the same time, costs rise with increasing personalization of feedback, including 

those related to data gathering, processing, and repackaging. It is prudent to note that data 

privacy concerns attend the process of personalization, so data management procedures must be 

communicated clearly and developed collaboratively. Integrating feedback across various 

intervention types, where possible, is also recommended as a way to reach users throughout their 

daily activities. This requires a threshold level of coordination that may, however, prove to be 

costly or infeasible if interventions are hosted across disparate platforms. 

 

Finally, systems should encourage commitment by providing technology-enabled platforms for 

making pledges and their fulfillment transparent. This can be integrated with real-time data 

collection to allow individuals to track their own progress on commitments, with an additional 

option to publicly share progress as desired. This approach also supports the gamification 

perspective while encouraging pro-environmental sentiments among users and observers of 

users’ commitment progress. As with other interventions, the increasing digital sophistication, 

personalization, and interactiveness of the intervention raises costs. 
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5. Conclusion 

 

The technology revolution presents unprecedented opportunities to develop and improve 

feedback mechanisms for encouraging pro-environmental behaviors like recycling, energy 

conservation, and others. This article has examined five broad determinants of successful digital 

interventions, with a focus on water conservation. These include design, delivery, content, 

integration, and commitment. The article uses existing academic literature to provide theoretical 

support for and examples of each determinant, and from those findings outlines associated 

recommendations. In particular, the article argues that digital feedback capabilities must focus on 

multi-modality, maintain user-friendliness, take into account appropriate timing to highlight links 

with opportunities for behavior change, and do so using positive messaging where most 

effective. Digital innovations must also be applied to deepen capabilities for personalization, 

integrate technical systems and media platforms, and induce commitment and follow-through. 

Many of these aspirational capabilities will be realizable as technology continues to increase in 

sophistication, reach, and access. Each of these recommendations provides not only a template 

for policy action but also avenues for continued research. Indeed, as technical systems move 

towards the convergence of social media and practical systems like resource consumption, there 

exist further opportunities to draw on the concept of social signaling to understand pro-

environmental behavior change.  

 

At a higher level, the process of social and technological integration marks an important step in 

bridging the gap between technocratic policy interventions to sustainability challenges and the 

deep-seated behavioral determinants of resource degradation. According to Hartley and Kuecker 

(2020), smart water management risks inducing a behavioral ‘moral hazard’ in which technology 

“excuses society from a painful reckoning about the origins and perils of [unsustainable] habits” 

(p. 2) related to water usage. The novelty and convenience of smart technologies risk luring 

policymakers and the public into a belief that society can ‘outrun’ its own wasteful indulgences. 

While technological progress alone cannot resolve the perils of unsustainable behavior, digital 

interventions can provide some informational and communicative basis for raising awareness 

and encouraging fundamental shifts in attitudes, behaviors, and broader societal priorities. 
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