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Abstract

Background Eco-feedback is a common solution for changing people’s behavior to reduce 
resource consumption. The design of eco-feedback becomes especially important in the context 
where users do not pay for the resources like in the case of public toilets. As people interact with 
these environments for a short time, it is critical to guide people’s behavior immediately in the 
moment.
Methods Our research aimed to investigate the effect of the designs of eco-feedback on users’ 
immediate reactions to water conservation. We conducted an in-lab experiment with 40 users on 
32 designs of water consumption feedback display. To develop the design stimuli, we applied four 
design attributes suggested from a prior study. To present the feedback designs, a real-time water 
feedback system named SaveDrops was developed. While participants experienced the feedback 
designs, the amount of water consumption was measured by the prototype system. The participants’ 
reflections on the experience were gathered through surveys and post-interviews.
Result The experiment revealed that the graphical representation of water consumption 
was significantly more effective than the numeric representation. Frequent auditory feedback was 
also more effective than occasional feedback. Among the design stimuli, the most effective one 
for immediate water conservation was revealed as: the amount of consumed water, which was 
interpreted in a comparative percentage for other people, represented in a bar graph, and with 
beeping sound. 
Conclusions This paper contributes to the sustainable design fields by investigating the effects of 
various eco-feedback designs on users’ immediate reactions. We expect that the designs and their 
effects can be good references for sustainable design practices. In particular, practitioners can refer 
to the design guidelines when designing products for reducing resource consumption. Also, they can 
select a design alternative by considering the effects.
Keywords Eco-feedback, sustainable interaction, design attribute, water saving, immediate 
reaction.
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1. Introduction

Sustainable interaction design (Blevis, 2007) has gained research attention in sustainable 
design fields, as emerging interactive products consume serious amounts of energy and 
resources while they are being used. Water taps, electronics, and vehicles are representative 
products that consume resources during product-user interaction. Sustainable interaction 
design techniques make users consume fewer resources with these products. Among various 
contexts, the facilities that many people use for a short-term period are one of the most 
notable application domains of sustainable interaction. These include the situations like 
using water in a public toilet, consuming electricity in shared spaces, and using disposable 
products in hotels. As users do not pay for the corresponding fees for their consumption, they 
tend to easily waste the resources while using the related products. In these situations, eco-
feedback needs to immediately guide user behaviors, because users interact with the product 
only in a short-term period. 

Among various strategies for sustainable interaction, we focus on the design of eco-feedback 
because it is known as one of the most effective and feasible strategies of sustainable 
interaction (Froehlich et al., 2010).  We wanted to know how to improve sustainable 
interaction through the design of eco-feedback. Previous studies on eco-feedback verified 
that it is effective in reducing resource consumption (Kappel and Grechenig, 2009; Erickson 
et al., 2012) and raising users’ awareness about environmental impacts (Gustafsson and 
Gyllenswärd, 2005; Broms et al., 2010). However, as most of the studies focused on evaluating 
the effects of eco-feedback itself (Kappel and Grechenig, 2009) - not the effects of the “designs” 
of eco-feedback, the research outcomes are not applicable for using in the design process. 
There have been few studies to reveal the effects and the differences of the various designs of 
eco-feedback on people’s behavior. Prior studies compared users’ awareness or preferences 
to the designs through surveys and interviews. However, it is rare to evaluate behavioral 
changes by experiments. Thus, there is a gap between research findings of prior works and 
clinical knowledge for designing eco-feedback for users’ immediate reactions.

In this paper, we present an experimental study to answer how the designs of eco-feedback 
affect users’ immediate reaction. The aim of the study was to identify the effect of eco-
feedback design on users’ immediate behavioral reactions. The eco-feedback designs were 
implemented according to four key design attributes of cognitive intervention (Sohn, 2015). 
To identify the effects of the designs of eco-feedback, we conducted an experiment focused 
on “water consumption.” We conducted the experiments in a laboratory to compare the 
effects of designs by controlling the other conditions. We developed various designs that 
showed the water consumption in real time and compared the effects on user behaviors and 
user experiences. To present the eco-feedback designs, we developed SaveDrops, a water 
consumption feedback display system. For the various eco-feedback designs, we developed 
32 different display designs by applying four design attributes and their scales which 
were suggested in previous research (Sohn, 2015). As the result of experiments, we could 
conclude that the most effective pattern for inducing users to save water immediately was 
the ratio to average consumption (judgment interpretation) drawn in a bar-graph (graphical 
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representation) with an increasing bar (neutral orientation) with frequent auditory alert 
(frequent degree of exposure). We also identified the differences in user experiences among 
the designs and discussed the implications for effective designs for water saving. Based on 
the understandings of user behaviors and related user experiences, we suggest the design 
guidelines of eco-feedback for raising the effectiveness.

This paper contributes to the sustainable design fields by understanding the effects of 
various eco-feedback designs on users’ immediate reaction and user experiences, according 
to the design attributes. We also contributed with the design of the SaveDrops system, the 
exemplary designs of visual and auditory eco-feedback, and the design implications. We 
expect that the various design patterns with their effects on users can be good references for 
sustainable design practices. Especially, practitioners can refer to the design method to apply 
the design attributes in a product, and can also select a design alternative by considering the 
effects.

2. Related works on Eco-Feedback

Eco-feedback is the representative field in sustainable interaction research (Froehlich et al., 
2010; Strengers, 2011; Spagnolli et al., 2011). The related research in eco-feedback can be 
divided into three areas; i) design strategies of eco-feedback, ii) the effect of eco-feedback, 
and iii) the comparative effects of the different designs of eco-feedback.

 2. 1. Design Strategies of Eco-Feedback

Most eco-feedback is delivered in information systems that display the information to raise 
users’ awareness or to change behaviors. Thus, many prior studies suggested various feedback 
designs by changing the content of the information, such as the factual data on the amount 
of consumption (Kappel and Grechenig, 2009; Kuznetsov and Paulos, 2010; Strengers, 2011), 
the information of historical comparisons by time (Laschke et al., 2011), and appliance-
specific (Froehlich et al., 2012) or personalized information (Laschke et al., 2011). In addition 
to the information, some strategies have been suggested to increase the effectiveness of eco-
feedback. The strategies in persuasive technology (Fogg, 2002) and motivational strategies in 
psychology are often discussed for applying in designing eco-feedback, such as positive and 
negative reinforcement (Arroyo et al., 2005), incentives and disincentives (De Young, 1993), 
goal setting (Abrahamse et al., 2007; McCalley et al., 2006), commitment (Abrahamse et al., 
2005; De Young, 1993), and comparisons (Froehlich et al., 2010). 

The strategies from other fields can raise the effectiveness when applied in the design of eco-
feedback. However, it is difficult for designers to anticipate the effects of the strategies with 
the existing studies in this field. In addition, design practitioners could not understand all of 
the theories and strategies from the field of psychology. Our research is different in that the 
research findings can be directly applied to graphic design practice. 
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 2. 2. Comparative Effects of Various Designs of Eco-Feedback

The empirical studies about eco-feedback evaluated mainly the impact of a single prototype. 
For example, Kappel and Grechenig (2009) observed through a field study that their 
prototype, Show-me, was effective to save about 10 liters of water in daily showers. Erickson 
et al. (2012) identified that it was also effective to save 6.6% of water in Dubuque city when 
showing the information on households’ water consumption on a portal site. In this way, eco-
feedback was validated as an effective channel for actual resource saving.  

However, in design fields, it could be more important to understand comparative effects 
of various designs for design decision-making, than just validating the effect of a single 
example of eco-feedback. Recently, a few studies compared several designs of eco-feedback. 
The representative study was UpStream (Kuznetsov and Paulos, 2010), which compared the 
effects of two different designs of eco-feedback on water saving. They concluded that abstract 
information in two colors (red and green) was more effective than numeric information, but 
they also found that the users did not care about the information after two days. Similarly, 
Kim et al. (2010) compared two different designs, named Coralog and Timelog, that show 
electricity consumption on a personal desktop computer in iconic and numeric designs. 
However, they evaluated users’ desires to save electricity instead of actual consumption 
changes. Froehlich et al. (2012) compared six designs of water consumption display, but 
they also did not evaluated users’ actual behaviors. Through surveys and interviews, they 
evaluated users’ preferences for each design.

In this way, most empirical studies evaluated an effect of a single design, and the comparative 
studies measured users’ perceptions instead of the water saving behaviors. To compare the 
effects of various designs, it is important to select and develop the design stimuli based on 
theoretical background. However, most prior studies selected the stimuli without theoretical 
bases. To compare the effects of the designs in detail, it is necessary to develop the design 
stimuli carefully after understanding the design attributes of eco-feedback and their design 
method.  

 2. 3. Design Attributes of Eco-Feedback 

While design strategies indicate how to design, design attributes, indicating which 
characteristics of a product to design, could be more useful knowledge for designers 
when design a product. Several research introduced the design attributes of eco-feedback 
or feedback systems. Froehlich (2011) identified design spaces for eco-feedback in his 
doctoral dissertation. The spaces are interactivity, motivational and persuasive strategies, 
social aspects, comparison, data representation, display medium, information access, and 
actionability. Each design space includes very detailed design strategies. Fang and Hsu (2010) 
suggested four design dimensions by analyzing prior studies of persuasive feedback systems: 
ambient, aesthetic, emotionally engaged, and metaphorical. Pousman and Stasko (2006) 
suggested information capacity, notification level, representational fidelity, and aesthetic 
emphasis as design elements of ambient information. (Fang and Hsu, 2010) (Pousman and 
Stasko, 2006)
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For the experiment of this paper, we adopted the four design attributes of cognitive 
intervention (Sohn, 2015) as theoretical basis for the design of eco-feedback. Sohn explained 
“cognitive intervention” as a type of intervention that motivated users to change their 
behaviors, and eco-feedback could be a type of cognitive intervention. Therefore, the design 
of eco-feedback inherited the design attributes of cognitive intervention. Sohn (2015) 
suggested four design attributes for cognitive intervention: interpretation, orientation, 
representation fidelity, and degree of exposure.

She explained interpretation, as “how to interpret information.” She identified that 
information can be interpreted in several ways, such as i) fact, ii) judgment, or iii) evaluation. 
Fact is the raw data that is not interpreted at all (e.g., 10 liters), judgment is interpreted 
information in a grade or a score (e.g., 6.3 out of 10 points), and evaluation is interpreted even 
more to give it a new type of value (e.g., water for saving six trees ). She explained orientation 
as the perspectives of information f low. The consumption amount can be expressed in 
a neutral way, but it also can be shown with “remained amount” that f lows in a negative 
orientation. Representation fidelity was explained as “how realistically content is expressed.” 
A piece of content can be represented conceptually with texts and more realistically with 
photos. She described degree of exposure as how much a content is exposed to users. The 
frequency, duration, or size of information can be designed to control this attribute. 

3. Method: In-Lab Experiment

We designed various design alternatives by applying the four design attributes of cognitive 
intervention, In the experimental study using the design alternatives as stimuli, we identified 
which pattern of eco-feedback is most effective for reducing water consumption.

 3. 1. Participants

Forty university students were recruited for the experiment (19 females, average age=23.6, 
SD=3.61) via an online bulletin board. Each participant spent 30–50 minutes participating 
and was compensated with approximately US$10.

 3. 2. SaveDrops: Apparatus for experiment

We developed a real-time feedback display system, SaveDrops, which shows the amount of 
water used in various designs. The design of this system was developed iteratively through 
making several prototypes. 
The SaveDrops system measures the amount of water used, calculated from the flow rate. 
The SaveDrops system (Figure 1 and Figure 2) consists of two water flow sensors (Figure 
1-c), a control kit that calculates and throws the values of sensors to a Web server (Figure 
1-d), a software application that visualizes the information (Figure 1-a), and a display (Figure 
1-b). Water flow sensors that measure from 1.5 to 30 liters per minute are suitable for home 
contexts, and two sensors are needed for cold and hot water pipes. To implement the control 
kit, we used an Ethernet shield with Arduino and a custom PCB. The values from the flow 
sensors are recorded on an SD card on the Ethernet shield and are updated on the Internet 
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server every second. The software application was developed as a widget for Android tablet 
devices (10.1 inch) so that the water consumption is shown in the background. The visual 
designs and the sound alert interval of the feedback can be configured differently. 

Figure 1 System configurations of SaveDrops

 

Figure 2 SaveDrops display

 3. 3. Design stimulus 

The feedback designs for the experiment were designed by combining different types of 
the identified attributes of eco-feedback. Four types of interpretation and two types of 
orientation, representation fidelity, and degree of exposure were designed. By combining the 
various types of each attribute, 32 eco-feedback designs (4 x 2 x 2 x 2) were developed. In 
Figure 3, 16 visual stimuli are presented out of 32 designs, which were designed by combining 
the scales of interpretation, representation fidelity, and orientation. All the 16 designs deliver 
the information that “a user consumed 8.7 liters out of 10 liters,” but they are designed in 
different types of expressions.

First, symbolic expression (Figure 3-a) and indexical expression (Figure 3-b) were used 
as two types of representation fidelity.  For symbolic  expression, the amount of water 
consumption was shown in numbers and texts, as they conceptually express the amount. 
On the other hand, indexical expression was presented in graphics that show the amount 
of water more realistically. It would be more realistic if it was shown in a photo or a movie, 
but maintained the appearance to control the stimuli in a similar design form. For two 
types of orientation, neutral and negative perspectives were expressed, represented as 
“water consumed” (Figure 3-c) and “water remaining” (Figure 3-d). The amount of “water 
consumed” increases from zero and the amount of “water remaining” decreases from 10 liters 
as water is used.

Four types of interpretation were presented as fact, judgment, environmental value, and 
monetary value (Figure 3). To present fact (Figure 3-e), the amount of water was displayed in 
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liters or in 500 ml bottles. For judgment (Figure 3-f), we indicated water usage with the ratio 
compared to the average consumption. The number with two decimal places between 0 and 
1 was displayed for symbolic expression and a horizontal bar graph for indexical expression. 
For the environmental value (Figure 3-g), the number of trees that can be grown with the 
corresponding amount of water was shown as a symbolic expression, and an oasis in the 
middle of desert was displayed as an indexical expression. Monetary value (Figure 3-h) was 
shown with the price of bottled water (about USD1 for 1 liter), instead of the real price for 
supplied water, to make participants more concerned about the value of water. The price was 
represented by towers of dimes as an indexical expression.

 

Figure 3 Sixteen design stimuli with different scales of interpretation, representation fidelity, and orientation

The degree of exposure was applied through an auditory feedback to attract the users’ 
attention more effectively. Two different intervals of regular auditory alerts were used for a 
low and high degree of exposure. Referring to the ISO standards of alarm design and studies 
on auditory warning (Mondor and Finley, 2003; Wogalter et al., 2002), the frequent alert was 
given for every 200 ml, and the occasional alert for every 2 liters of water used. The sound 
was a simple beeping that is classified as a basic warning sound in the sound effect inventory 
.
 3. 4. Task and Context: Washing Dishes at a Camping Site

The task of the experiment was washing dishes. We chose the task because it fits the context 
of the experiment where users can pay attention to the feedback display with little effort 
while completing the task. Eight utensils including cups and plates were provided repeated 
trials of the experiment. On average, users used about 10 liters of water in 5 to 10 minutes. 
This was enough to experience a new feedback design and was not tiresome to repeat it 
several times. 
Each participant repeated four trials with different feedback designs. Before starting the 
main trials, they received an explanation of the experiment and washed the prepared utensils 
without any feedback. They then started to complete each trial with the feedbacks. The 
order of presenting feedback designs was defined by a balanced incomplete block design 
(Montgomery, 1984). As it was not feasible to repeat all 32 stimuli for each participant due 
to time and adaptation issues, the number of trials was limited to a feasible level. To ensure 
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users experienced all scales of each attribute at least once, we decided to conduct four trials 
for each participant. 40 blocks were created and consisted of the design stimuli evenly in 
terms of each attribute. This was automatically generated by a statistics program. The orders 
of stimuli were also evenly randomized. For example, a participant experienced once each 
four types of interpretation; and twice each two types of representation fidelity, orientation, 
and degree of exposure (see Table 1). 
Questionnaires were followed to evaluate each feedback design immediately after each trial. 
After finishing all four trials, an interview was followed to discuss the most preferred design 
and the pros and cons of each feedback design.

Table 1 Example of presenting design stimuli for four trials

Trials Interpretation Representation fidelity Orientation Degree of exposure

1 fact indexical negative more

2 judgment symbolic negative less

3 evaluation

(environmental value)

indexical neutral less

4 evaluation

(monetary value)

symbolic neutral more

 3. 5. Measures

Regarding participants’ behavioral reactions, their instant behavioral reactions to the 
prototype were observed while receiving various feedback designs. The behaviors of 
participants were observed in comparison with how they behaved under the condition of 
normal water use, with particular attention to how much they control the water flow and 
how often they turn off the water tap. We interviewed participants about these experiences 
after completing the four trials. As a result of those behavioral reactions, two variables were 
measured: the amount of water used and time spent due to water flow. These two measures 
were automatically logged by the SaveDrops system. For analyzing water consumption, the 
raw data (in liters) were converted to the reduction ratio (in percentage) compared to the 
water use amount without feedback, because the absolute values of water consumption were 
largely varied according to the individuals. 
User experience was measured with three criteria: usability, usefulness, and satisfaction, 
which are basic criteria for evaluating feedback as an interactive interface. The four questions 
they were asked were edited from literatures (Davis, 1989; Lund, 2001). In addition to 
the user experience, the intrusiveness, which is the main characteristic of interventions, 
was also measured to verify if users also perceived the intervention with the same level of 
intrusiveness as the designers intended. It was also measured with four questions by editing 
the survey questions from existing studies (Li et al., 2002; Strengers, 2011). The 16 questions 
about usability, usefulness, satisfaction, and intrusiveness were evaluated with 7-point Likert 
scales. All the quantitative data from the water using task and questionnaires were analyzed 
by ANOVA. To prevent over-testing by four independent variables (Cairns, 2007), we also 
tested reduced models by removing irrelevant attributes and interactions for each measure.
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4. Result: Immediate Behavioral Reaction to Design Patterns of Cognitive 

Interventions

 4. 1. General Effect of Presenting Cognitive Intervention

The participants consumed 9.59 liters on average (SD=4.03) to wash the prepared utensils 
without any feedback on water consumption. This result is confirmed in the results of the 
pilot study, and it verifies that 10 liters was adequate for the initial amount of remaining 
water for representing negative orientation. The average amount of water consumption for the 
160 trials with feedback was 6.55 liters, but it was largely dispersed from 1.90 liters to 17.42 
liters. As the amount of consumption was strongly related to users’ habit, the consumption 
data were processed into a reduction ratio (%) that was compared to the consumption amount 
without feedback. On average, they reduced 29.22% (SD=23.48) from the amount in normal 
status without feedback. 

 4. 2. Effect on Water Saving and User Experiences by Design Patterns

By the levels of interpretation, analysis of variance revealed that there were no significant 
differences with regard to water saving. However, the differences were statistically significant 
(Figure 4) in usability (F=4.834, p=0.003), usefulness (F=6.024, p=0.001), and satisfaction 
(F=4.213, p=0.007). It means that, while the different types of interpretations were 
perceived differently by the participants, it did not affect the participants’ behaviors with 
regard to water consumption. The Tukey post-hoc test revealed that the design patterns of 
environmental value were evaluated lower than the other types of interpretations in usability 
and usefulness. This presenting fact is the most satisfactory and is ranked significantly 
higher than environmental value and monetary value. 
 

Figure 4 Differences by interpretations (N=40)

Regarding the two levels of representation fidelity, graphical expression was more effective 
in saving water consumption (F=7.028, p=0.008) (Figure 5). Participants saved more 
water when receiving feedback with graphical expressions (m=31.78%, SD=22.51) than 
with numeric expressions (m=26.66%, SD=24.13). However, the other measures of user 
experiences were not statistically significant. Regarding degree of exposure, frequent 
auditory alerts (m=31.69%, SD=22.83) were more effective for saving water (F=6.546, 
p=0.010) than occasional alerts (m=26.75, SD=23.85). However, as expected, the frequent 
alert was significantly less satisfactory than the occasional alert (F=7.988, p=0.006). 
Regarding orientation, there were no statistically significant differences among all the 
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measures. However, there were several interaction effects with other attributes; these will be 
explained in the next chapters. 
 

Figure 5 Differences by representation fidelity (left) and degree of exposure (right) (N=40)

 4. 3. Perceived Intrusiveness

The stimuli were designed to be less or more intervening, but users did not perceive the 
intrusiveness as designed. The differences among the scales were observed and they were 
statistically significant. As expected, the interventions designed with the higher level of 
scales were more intrusive in two of four attributes (Figure 6). In interpretation, presenting 
in monetary value was perceived as the most intrusive pattern. It was significantly more 
intrusive than the patterns of fact and environmental value (F=3.758, p=0.013). In addition, 
the frequent alerts were perceived as definitely more intrusive than occasional alerts 
(F=12.997, p=0.000).
However, higher levels of intervention were not evaluated as more intrusive in the other 
attributes; orientation and representation fidelity. There were no significant differences in 
orientation, and it resulted in an opposite way with representation fidelity. The participants 
answered that the numeric representation was less intrusive than graphical representation 
(F=8.126, p=0.005).
 

Figure 6 Comparing perceived intrusiveness among the scales of each attribute (N=40)

 4. 4. The Most Effective Design Patterns on Water Saving

Considering the comparative results and the significant interaction that effects among 
attributes, most effective design for water saving and most usable design could be selected 
(Table 2). The rest could not be concluded into a specific design with all the four attributes, 
but we could suggest the design directions with several attributes. 
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Table 2 The most or the least effective design patterns for each criterion

Criteria Interpretation Representation 

fidelity

Orientation Degree of exposure

Most effective 

for water saving

judgment graphical neutral frequent

Most usable judgment graphical neutral occasional

Most satisfied fact - - occasional

Least useful evaluation

(environmental value)
- - -

Most intrusive evaluation

(monetary value)
numeric -

frequent

The most effective design pattern for saving water was a pattern of Judgment–Graphical–
Neutral–Frequent (Figure 7-a). Analysis of variance revealed that the graphical expression 
and the frequent alerts were more effective than numeric expression and occasional alert 
for water saving (F=8.126, p=0.005 / F=6.546, p=0.012). Although there are no significant 
differences among the levels of interpretation and orientation, the most effective levels could 
be selected by referring to interaction effects. The interaction effects between interpretation 
and representation fidelity (F=2.730, p=0.048) revealed that judgment is more effective for 
graphical expression. Concerning the marginal interaction effect between orientation and 
degree of exposure (F=3.658, p=0.059), neutral orientation was revealed as more effective for 
the frequent alerts. 
From the results of questionnaires, we also extracted the most and least effective patterns for 
other measures. For usability, Judgment-Graphical was the most usable pattern according 
to the interaction effect between interpretation and representation fidelity. Likewise, an 
interaction effect between orientation and degree of exposure revealed that the Neutral-
Occasional pattern was the most usable one (Figure 7-b).

 

Figure 7 The most effective designs

In terms of intrusiveness, representing monetary value in numeric expressions with frequent 
alerts was the most intrusive pattern as stated in the results of in-lab experiment. We could 
not decide the specific patterns that were the most useful or satisfactory from the results. The 
results only revealed that presenting an environmental value was least useful and the fact 
that occasional alerts were the most satisfactory.
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 4. 5. Qualitative Results

Among the four types of interpretation, participants answered that they preferred the design 
patterns presented in fact and monetary value the most (30%, respectively). They explained 
that designs that presented fact were preferable because liters and PET bottles were the 
most familiar measures and metaphors. They also preferred the monetary value feedback 
because of its effectiveness in helping them understand the practical value of water. About 
the judgment feedback, there were two different opinions. The participants who preferred it 
answered that it was effective because they could check their consumption compared to other 
people and it made them want to win. They felt relieved and satisfied when they confirmed 
that they consumed less water than standard. However, the participants who used much less 
water did not prefer this design, because they thought the standard amount of water other 
people used was meaningless to them. The feedback of environmental value was the least 
preferred design. Most participants did not prefer this design mainly because they did not 
empathize with the contents. However, 10% of participants answered that they liked this 
design most because they thought the environmental value was very important, even more so 
than its monetary value.
As a result of observing participants’ behaviors through the trials, we found that they tended 
to immediately react to the sound effect in the beginning. When they heard the sound, 
they turned off the water, lowered the water f low, or started to wash dishes much faster. 
Especially with the frequent alerts, more participants reacted to the sounds, which resulted 
in them saving more water. Participants’ behaviors were also aligned with the results of 
interviews. They answered that the alert was very annoying at first, regardless of interval. 
However, we also observed that the impact of regular alerts decreased in a short time. In the 
interview, only a few participants answered that the auditory feedback was still intrusive, 
while most participants indicated that they were accustomed to the sounds after the four 
trials. Some participants also mentioned that they intentionally ignored the sounds. Thus, we 
can conclude that regular auditory feedback is very effective in the beginning but the effect 
decreases in a short time.

5. Discussion

To sum up the results of in-lab experiment, we could suggest the effects of the different 
designs of eco-feedback in terms of the four attributes as shown in Table 3. For example, if an 
eco-feedback is interpreted in monetary value, it would be more intrusive compared to other 
scales of interpretation. The design concepts used for experiment and the results could be 
practical references for designing with intervention framework.
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Table 3 The effects of the scales of each attribute of cognitive intervention

Attributes Scales (Design) Effects

Interpretation fact (amount) most satisfactory

least intrusive

judgment (compared to others) more effective for water saving

evaluation (environmental value) least usable

least useful

least satisfactory

evaluation (monetary value) most intrusive

Representation fidelity symbolic (textual) more intrusive

indexical (graphical) more effective for water saving

negative (remained) neutral (consumed) -

negative (remained) side effects

Degree of exposure less exposed (occasional alert) more satisfactory

more exposed (frequent alert) more effective for water saving

more intrusive

We discuss how our findings are differ from previous works on eco-feedback study. We also 
suggest eco-feedback design guidelines to be applied for effective water saving followed by 
the discussion of the limitation of this study. 

 5. 1. What are Differences from the Results of Previous User Studies?

We could find that parts of the results in this study were confirmed with existing studies. For 
example, the result of the experiment showed that numeric expression was more effective for 
saving water than graphical expression, which corresponds with the results of prior studies 
(Kim et al., 2010; Kuznetsov and Paulos, 2010). The result that users require exact numeric 
data after using graphical expression is similarly revealed in a prior study (Kim et al., 2010). 
However, few studies focused on the other design attributes of eco-feedback that were 
revealed in this study. 
One of the interesting results is that the effect on water saving in this study was higher than 
prior studies on eco-feedback. The participants in this study saved 29.2% of water in the 
experiment and the interventions were effective for 90% of participants in reducing water 
consumption. It is higher compared to the result of prior studies such as saving 10 liters from 
49–96 liters (Kappel and Grechenig, 2009), saving 2.1–2.7 gallons of 7–18 (Kuznetsov and 
Paulos, 2010), and changing the behavior of 49% of participants (Erickson et al., 2012). This 
improvement may result from three factors. The real-time feedback might cause immediate 
reactions, and auditory alerts could also make them focus on the feedback even when they 
did not watch it. Moreover, they were easily attracted to the display while washing dishes 
because it was installed within their line of sight. 

 5. 2. How to Design for Effective Water Saving

As this research focused on the water consuming context in empirical studies, the design 
guidelines for designing an eco-feedback for effective water saving could be determined.

5. 2. 1. Designing Effective Visual Feedback

The most effective design varied according to different user groups and contexts, although 
the Judgment–Graphical–Neutral–Frequent type was revealed as the most effective design 
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from the experiment. We expect that the effect of presenting fact would be more constant 
with various users than other types of interventions, because its usability, usefulness, and 
satisfaction were higher than other types of interpretation, even though its water-saving 
effect was not remarkable. In other words, to express water consumption with familiar 
measurements or metaphors such as liters or bottles would be widely effective, regardless of 
individual values. This design could be applied to facilities that various users visit regularly 
(e.g., toilets in an office building or public showers). 
In the initial stages of providing feedback, providing judgmental information that compares 
the user to other people would be effective for those who waste water, and presenting the 
environmental value would be effective for those who are trying to save water. The judgment 
type of information was revealed as the most effective type from the experiment, but the 
users who wasted water in particular tended to be more impressed with this type. These 
users tried to save water in order to stay below the average water use of other people, like a 
game, while the users who used much less water than average did not try harder with this 
information type. Therefore, it would be better to differentiate the settings according to the 
individuals’ consumption amount. 
Regarding the orientation of feedback, the side effects of expressing in negative orientation 
needed to be carefully considered. For example, to present the remaining water for negative 
orientation, a certain starting point may be required. With this starting point, we could 
observe the same phenomenon from the experiment. The participants tended not to try hard 
to save water because they were relieved until it ran out. In addition, when they consumed 
more than the preset amount, they tended to give up trying to save water and thought that 
the preset amount was not enough for them. 

5. 2. 2. Usefulness of Auditory Feedback and its Design

Auditory feedback was revealed as effective for saving water from the experiment, as many 
previous research discussed (Mondor and Finley, 2003; Wogalter et al., 2002). Participants 
immediately reacted to the sound alert in the beginning. However, since they adapted to the 
regular auditory feedback very quickly- even after four trials of several minutes, it would 
be better to use auditory alerts sporadically. Most participants in the experiment answered 
that they did not mind the sound alert. Therefore, it is important to design sound effects 
that cannot be easily adapted to. It would be more effective to provide auditory feedback 
only when users’ attention to the display is required, similar to the feedback of a refrigerator, 
alerting the user when the door remains open for a long time.

5. 2. 3. Provide Possibilities for Voluntary Goal-Setting

I observed that the participants set their own goal without any goal-setting function 
within the SaveDrops system, which helped change their consumption behaviors. Several 
participants set a goal while dishwashing during the experiment, even though each trial only 
lasted a few minutes. For example, some participants planned i) to use half or three-quarters 
of the preset average in the judgment pattern, ii) not to fill whole bottles of water in the Fact-
Graphic-Neutral pattern, or iii) to remain at 2 liters out of 10 liters in the Fact-Numeric-
Negative pattern. Although I cannot verify whether voluntary goal-setting resulted in 
statistical differences, participants tended to meet their goals as mentioned in the interviews. 
As every user’s needs vary in diverse contexts, it is very difficult for a system to provide a 



    www.aodr.org    91

certain preset goal. Instead, it would be more effective to provide basic contents that help 
users precisely understand the status of their consumption and behaviors so that they can set 
individual goals for their various situations.

5. 2. 4. Designing a Customized Information Display

According to the result of the in-lab experiments, it would be more effective to provide 
judgmental information for those who waste water and to present the environmental value 
for those who are trying to save water. The judgment pattern, compared to other people, was 
the most effective pattern in total, but it was revealed that the users who wasted water were 
more impressed with this pattern. They tried to save water as not to exceed the average of 
other people like a game, while the users who spent much less water than average did not 
try harder. Therefore, the settings need to be differentiated according to the individuals’ 
consumption amount. The design with environmental value was the least satisfactory, 
but several participants preferred it as the most effective pattern in the interview of the 
experiment. As they cared about the value of water and the biospheric impact, they were 
especially impressed with the designs. It would be enough to present environmental value for 
a week or two, or intermittently.

 5. 3. Limitations

There are several limitations in our study. First, the settings of the experiment cover a 
limited context, For example, different types of user groups, in terms of age, gender, and 
culture should be evaluated in depth. Second, as the studies were aimed at immediate user 
reaction for water saving, the results and findings might not be suitable for other contexts 
that are associated with long-term behavior change. Third, our work is focused on eco-
feedback design for water saving. Although designers have the ability to infer the effect of the 
same design pattern in other contexts, such as saving electricity, the proposed design and 
guidelines should be further evaluated to be practically implemented. 

6. Conclusion

This research investigated the effect of various designs of eco-feedback on users’ immediate 
reaction in order to gain insights on the guidelines for the design of eco-feedback. We 
developed and compared 32 designs of water consumption feedback display by applying 
the four design attributes of cognitive intervention suggested from a prior study. 
Through in-lab experiments, we found that users consume significantly less water with 
graphical representation than textual representation. Moreover, frequent auditory alert 
was significantly more effective for saving water than occasional alert. Considering the 
interaction effects among the design attributes, we infer the most effective eco-feedback 
pattern as the information of the ratio to average consumption (judgment interpretation) 
drawn in a bar-graph (graphical representation) with an increasing bar (neutral orientation) 
with frequent auditory alert (frequent degree of exposure). Based on the results, we discussed 
the differences of user experiences according to the eco-feedback designs and the design 
implications for designing effective visual and auditory feedback.
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The various design patterns of eco-feedback and their effects on users are expected to be 
used in design practice as a design reference and a rationale for design decision-making. The 
32 exemplary designs that we suggested as the design stimuli can be used as references for 
practitioners when applying design attributes into the design of real products. Although this 
research evaluated the effects for water saving, the design patterns can be applied for the 
design of other products to save other types of resources, such as electricity and disposable 
goods. Future work includes an experimental study to identify the effects when the products 
that require immediate behavioral reactions are repeatedly used. The effects of the designs 
with various types of users, resources, and contexts also need to be investigated further. 
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