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Abstract—Freshwater is an invaluable, integral and
irreplaceable part of our lives. Acute water shortage
in severe droughts forces people to become conscious
of their usage and curtail their daily consumption.
Multiple behavioural interventions have been tried to
change people’s consumption habits for the better in
various contexts such as in schools, in people’s homes,
offices and commercial buildings, and while people are
travelling and staying in hotels. The last environment
is an exciting study as people are often promiscuous
in their resource consumption while travelling. The im-
pact of tourists on local natural resources has been well
documented. Helping their guests adopt more sustain-
able consumption habits is no longer a purely financial
incentive for the hospitality industry; it is fast becoming
a matter of need. This report examines this issue in
great detail and looks at how guests can be nudged to
change for the better. A case is made for helping guests
monitor and regulate their daily water consumption
habits, and a design solution is proposed to aid them
in this endeavour. Different elements of the intervention
are then tested with target users, which provide a future
direction for the platform’s development.

I. INTRODUCTION

The human body is more than 60% water [1]. 70%
of the Earth’s surface is covered by water [2]. Water
is one of the most crucial natural resources on our
planet and the metric by which we judge other plan-
ets as habitable. However, water is not infinite. We
are running out of fresh water to access and use in
our daily lives. Many places globally are slated to run
out of fresh water in the coming decades, as shown
in Figure 1. The UK is projected to face acute water
shortage by the year 2050 [3]. Many major cities
around the world, like Cape Town and Chennai, are
already facing seasonal shortages.

This project intervenes at the personal level, forgoing
the group and governmental levels based on the work
of Cheung et al. [5], and aims to nudge guests in
hotels to adopt more sustainable consumption habits.
The choice of water scarcity as a problem space and
why it is an essential and relevant issue for the author

Fig. 1: Map showing water stress levels in various
countries around the world. Source: World Resources
Institute [4]

is explained in section 2. Section 3 covers the existing
literature on pertinent topics. The development of the
design and evolution of the intervention is observed
in section 4. Testing of the prototype and validation
is presented in section 5.

II. BACKGROUND AND MOTIVATION

The roots of this project lie in the Chennai drought
of 2019 [6], where hundreds of students like me
were asked to vacate their hostels and return home
early due to acute water shortages. This incident
brought the impending water crisis to sharp relief
for the author, who sought to examine how prevalent
the issue of water deficit is around the world and
why more people are not concerned about the issue.
This formed the core of their Critical and Historical
Studies report. It was found that there is a discon-
nect between the natural sources of freshwater and
people’s water usage due to the hygiene industry’s
influence. This insight drove the design of solutions
that would nudge and motivate people to save water
by changing their water consumption behaviours in
various contexts.

III. LITERATURE REVIEW

Various academic studies have been conducted over
the years to investigate different levers that can be
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Fig. 2: Satellite image of Redhills reservoir taken by
Maxar Technologies. Source: Hindustan Times [7]

used to change people’s behaviour. A review of such
studies in the 1980s by Dwyer et al. [8] categorises
the levers used to induce behaviour change into an-
tecedent and consequence conditions, with further
subdivisions in each category. They concluded that
though most studies failed to report long-term effects
of their interventions and only focused on short-term
results in behaviour change, there was potential for
consequential interventions to create an impact in
the short term and antecedent interventions had a
lesser impact but a higher retention rate. Further in-
vestigations by Fransson et al. [9] into literature that
evaluated efforts to increase environmental knowl-
edge and concern categorised efforts into four broad
strategies, appealing, incentives, information and
feedback. They found that all four methods induced
positive behaviour changes in people towards being
more conscious of the impact of their actions on the
environment. There has been extensive research since
then on individual environmental concerns, such as
air pollution and the impact of fear and actionable
information being provided to people [10] which are
based on a study of using fear as a lever to affect
change [11].

When trying to induce behaviour change, it is es-
sential to understand the fact that people behave
differently in different contexts, such as at home,
work or on vacation. The initial focus was to un-
derstand how people behave in their homes, which
activities consume the most water and the behaviours
associated with those factors. Typically, in the UK,
people consume 142 litres of water per day [12]
in their homes, a majority of which is used while
showering and flushing the toilet. There have been
many initiatives to encourage people to keep track of
time spent in the shower and to take a shorter shower
in order to save water, ranging from songs [13] to

timers [14]. However, the adoption of such measures
is not widespread and is driven by an immediate
need more than by general awareness and under-
standing.

Fig. 3: Infographic showing the daily water con-
sumption percentages in terms of bottles of water.
Source: BBC news [3]

An adjacent but distinct use case is that of hotels
and people consuming water while travelling, where
it has been shown that people use more water than
at home [15]. Popular travel destinations are also
often in water-stressed locations and only add to the
demand on the local water supply. The hotel industry
has taken some steps to combat this, the most notable
and widespread being asking hotel guests to reuse
their towels instead of asking the hotel to change the
towels and sheets in a room every day. Research by
Gossling et al. [16] shows the importance of using
normative appeals to ask users to reuse their towels
and bed linen for short stays.

Recent efforts on water usage reducing interventions
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have involved communicating the amount of water
that is consumed by people in different forms [17],
studying their emotional response to the various
interfaces and the efficacy of the different designs
on changing people’s behaviours. This would be
labelled as an antecedent intervention or a part of
the information strategy by the aforementioned clas-
sifications. Three interface designs were proposed,
which are outlined in Figure 4, and efficacy in cre-
ating behaviour change was measured along with
their emotional reaction. The authors found that all
three interfaces make a positive behavioural change
in people and that people relate emotionally the most,
albeit negatively, with the animated model of a fish
in a tank whose water level is inversely associated
with the user’s water usage. As has been shown in
research conducted in the broader space of environ-
mental concern, there is rich scope in domestic water
usage to incorporate additional elements of feedback
and rewards to induce further positive behavioural
changes in people that last for a long time.

IV. METHODOLOGY

Initial design exploration for the project followed
the double-diamond approach, looking at the var-
ious ways of tracking water usage in the home.
The factors that were considered in this exploration
were:

• Ease of installation
• Accuracy of measurement
• Accessing the data
• Durability
• Inertness to environmental influence

Traditional methods include mechanical and vortex
flow meters, ultrasonic measurement and magnetic
flow metering, requiring manual installation on the
pipe, extremely idealised pipe conditions and cali-
bration for the environment. A third and more re-
cent method of tracking resource consumption in the
home has come from ambient sensing devices that
use audio, thermal and regular vision technologies to
understand the environment around them. Based on
the factors outlined earlier, the significant methods
of water flow measurement were scored and ranked,
the summary of which can be found in Figure 5. As
can be seen from the table, the best option overall
turned out to be flow measurement using ambient
sensor data, which compromises on measurement
accuracy but excels in ease of installation and data

Fig. 4: Image showing the three interfaces tested for
efficacy in inducing behaviour change. Source: Fang
et al. [17]

access. Audio-based tracking has, using recent de-
velopments in machine learning, made it possible to
approximately track water consumption by detecting
events in the environment [18], such as a tap opening
and toilet flushes. The research done by Fonseca
et al. [19] shows the usage of such algorithms on
the Freesound library. This algorithm has been made
open under a Creative Commons license by its devel-
opers and can be used to track everyday home audio
events related to water.

The next step was to find a suitable context for any
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Fig. 5: Image showing the three interfaces tested for
efficacy in inducing behaviour change. Source: Fang
et al. [17]

such intervention and exploring the various options
and stakeholders in any such endeavour. The possible
environments for such a water consumption tracking
device to be installed are:

• In people’s homes
• Offices, Hospitals and other commercial loca-

tions
• Schools and Colleges
• Hotels, resorts and hospitality

The initial focus was on designing an intervention
for people in their homes, and a survey to understand
how people use water in their homes was conducted.
The survey aimed to conduct primary research and
validate some of the findings of how people consume
water at home as found in [12]. The responses vali-
dated some basic facts such as the average shower-
ing duration and laundry behaviours. However, there
was no clear incentive for people to change their
behaviours, and adoption of water meters in the UK
has been slow, with only about 50% of homes having
a meter by 2018 [20]. Hence most people do not have
a precise measure of their consumption. This also
serves to divorce the actual usage from the bills that
people receive every month, thereby negating any
monetary incentives that a design intervention may
provide at people’s homes.

To resolve this, the author spoke to domain experts
and asked them whether this could be resolved or if
they should switch contexts for a more favourable
environment for an intervention. Based on the re-
ceived feedback, it was decided to investigate more
commercial contexts. The hospitality industry is ad-
jacent to the behaviours exhibited by people in their
homes. It has been shown to add to the water stress
of a region [15]. Also of use were the architectural
standards released by the Building Research Estab-
lishment (BRE) in the form of the BRE Environmen-
tal Assessment Method (BREEAM) for new [21] and
retrofit [22] buildings. The guidelines and specifica-
tions from these reports can be seen in Figure 6 and

Figure 7.These helped form baselines for consump-
tion based on the type of fittings present in a building
and targets that people can aspire to adhere to for the
duration of their stay.

V. RESULTS AND DISCUSSION

The platform can be broken down into three impor-
tant parts:

• Appeal
• Measurement
• Feedback

A. Appeal

The appeal is the part where guests of a hotel are
asked to save water by choosing to participate in the
initiative and changing their behaviours. It is heav-
ily influenced by the normative appeal studied by
Gossling et al. [16], which can be found in Figure 8.
The modified message that is proposed can be found
in Figure 9. It informs users about previous guests
who took part in the initiative and that savings from
the room will contribute towards a charity that pro-
vides access to water for the poor. It also highlights
the fact that the choices are optional and are not hard
limits on the user.

There are three choices presented to the guest, which
can be seen in Figure 10, can be summarised be-
low:

• Water Champion: Shower time 6-8 minutes
per shower and WC tap running time 5-7 min-
utes per day

• Nature Lover: Shower time 8-10 minutes per
shower and WC tap running time 7-10 minutes
per day

• Leisure Seeker: Shower time 10-12 minutes
per shower and WC tap running time 10-14
minutes per day

As has been made clear to the user in the appeal
message, the program is opt-in by default due to
the sensitive nature of measurement and tracking
at the proposition’s core. This conscious decision
made while acknowledging the power of choosing on
behalf of the guest and asking them to opt-out, which
is demonstrated by Thaler et al. [23].
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Fig. 6: The BREEAM standards for new construction to get a suitable rating from the organisation. Source:
BRE Group [21]

B. Measurement

The device for measuring the user’s water consump-
tion is based on taking audio inputs of the surround-
ings and detecting events such as the tap opening, the
shower running or the toilet flushing. The underlying
algorithms are identical to the one used in the Audio
Set [18] and the matrix used is made available for
use by Google [24]. It has been translated to run on
an Arduino Nano BLE Sense [25], seen in Figure 11,
using TensorFlow Lite, which has an on-board digital
microphone, Bluetooth and a bunch of other sensors
useful for most Internet of Things (IoT) projects. The
process diagram for identifying events and tracking

consumption can be found in Figure 12. The main
metric being tracked here is time. It is the more
relatable metric for people and is easier to connect
to than litres/gallons, which are common volumetric
units of measurement. It is also easier to measure
and track than the actual volume of water being
consumed. The current limitation of the previously
mentioned AudioSet algorithm is that it can only de-
tect the instance of an event such as a running tap or
a flushed toilet, but it cannot measure or estimate the
rate of flow of water being consumed. This limitation
directly implies that the exact quantity of water being
consumed cannot be measured with any degree of
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(a) Baseline water consumption rates for existing appliances in retrofit projects.

(b) Standards set for different water consuming elements in a household.

Fig. 7: The BREEAM standards for estimating and rating the water consumption of various elements in
existing households and domestic buildings. Source: BRE Trust [22]
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(a) Normal message

(b) Modified simple message

(c) Comprehensive modified message

Fig. 8: The three tested appeals tested by Gossling et al. [16] for effectiveness in getting hotel guests to reuse
their towels and linen to save water and the environment.
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Fig. 9: The proposed normative appeal made to guests at the start of their stay in a hotel.

certainty. It can be estimated with some accuracy
using standard flow rates specified in the BREEAM
building guidelines [21], [22] and seen in Figures 6
and 7.

The form of the device is identical to the shape of a
drop of water, with a flat back to make it easier to
attach to a flat surface. Renders of the device can be
found in Figure 13, with the outer shell made out of
transparent glass to make it easier to transmit visual
feedback while looking like an actual water drop. The
aesthetic of the hotel industry inspires the choice of
material. The electronic components are selected to
fit inside the cover. They are mounted on a housing
that also holds the glass cover in place and attaches
to the wall.

C. Feedback

Information once tracked on the device needs to
be communicated to the guest in the hotel room
appropriately. The factors considered in designing
a feedback system were the ease of understanding

the system, demands on the device’s size, integration
with existing ambience and technical competence
required to parse and interact with the device. Some
of the feedback systems considered were:

• Digital dashboard showing information
• Audio feedback from the device
• Traffic light (red-amber-green) system of visual

feedback

Users were asked to rank these options in a survey,
which are discussed in the next part of the report.
Renders of the traffic-light based feedback system
were created to visualise the scene for the target
user, as it is more difficult to visualise as compared
to the other options; the renders can be found in
Figure 14.

D. User Testing and Validation

The evaluation was primarily done using surveys,
which enables quantitative data gathering from the
target group, primarily potential hotel guests. This
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Fig. 10: The three responsible consumption profiles presented to the user at the start of their stay.

Fig. 11: An Arduino Nano BLE Sense board; this
forms the core processing unit of the device.

data would complement the secondary research that
shows the impact of hotels and the hospitality indus-
try on the local water stress.

The first survey was to understand the showering
habits of people when they are travelling, how fre-
quently they travel and the kinds of accommoda-
tions that they generally stay in. The survey can be
found in Appendix B, and was conducted using the
Qualtrics platform. The responses from the survey
are summarised in the graphs in Figure 15. The
important takeaways from the survey are:

• A majority of participants take 2-5 trips a year
• Most trips are for longer than 2 days, with

longer trips from 4-7 days being the most se-
lected option

• The most popular type of accommodation is
chain hotels, followed by Airbnbs

• Most guests shower once a day, but about 30%
of guests prefer to shower twice a day

• The typical shower duration is 5-10 minutes, but
just as many people shower for longer than 10
minutes per shower

• Most respondents turn off the shower when they
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Fig. 12: A simple process diagram to illustrate the steps performed in detecting and tracking water
consumption events using audio inputs and machine learning algorithms.

do not need it, but quite a few run it some-
times/all the time

These responses highlight the opportunity that exists
in this space, with hotel guests using more water
on their trips than they would normally have. The
duration of the trip also amplifies the benefits that
would come from a successful adoption of the prod-
uct.

The second survey aims to get feedback from the tar-
get user group on the three elements of the platform
outlined above. The survey document can be found in
Appendix C. The main features tested were:

• Touch-point to make an appeal to the user
• Appeal message
• Choices presented to the user
• Placement of the product in the bathroom
• Preference for the mode of feedback and nudg-

ing
• Presentation of data collected to the user

The results from the survey can be seen in Figures 17.
Some key takeaways from the results of the survey
are:

• Most people would like to see the appeal in their
rooms

• The preferred position of the device is above the
bathroom tap near the mirror

• The traffic-light based feedback system is the
most favoured option while audio-based interac-
tion with the device is the least preferred option

Based on this and other feedback from the survey,
the testing of the device and further iterations on the
platform’s design can be done.

VI. CONCLUSION

A. Learnings

This project aimed to understand the wicked prob-
lem [26] of reducing the individual’s water consump-
tion and studying existing approaches in order to
design a solution that would be able to nudge users
towards more sustainable consumption habits. Some
key takeaways from this project were:

• The main driving factor for people in adopting
more sustainable domestic behaviours is the
monetary cost of the consumed resource

• Upfront cost of adoption in any sustainable de-
sign intervention needs to be offloaded from the
end-user to a different stakeholder, in this case,
the hotel, in order to encourage adoption

• Simpler feedback is better, as has been shown
in the user feedback survey where people prefer
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(a) Initial renders of the physical device with a screen up front.

(b) Final version of the physical device rendered in a bathroom environment.

Fig. 13: The physical device renders showing the changes made in the design, going from a simple box with
a screen up front to a more meaningful shape that users can connect with.
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(a) The device glows green when the user is within their set limits.

(b) The device warns the user by pulsing amber when the user is nearing
their usage limits.

(c) The device pulses in a red color when the user exceeds the limit that
they have selected.

Fig. 14: The three states of the physical device in the user’s room, used to provide feedback to the guest on
their water consumption.
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(a) Frequency of travel per year (b) Average duration of trip

(c) Most chosen types of accommodation while travel-
ling (d) Frequency of bathing while on a trip

(e) Average length of shower/bath (f) Running/closing the tap when not actively using it

Fig. 15: A summary of the survey responses collected to understand common habits of people while they are
travelling
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Fig. 16: Plot showing the shower duration and the length of typical travels of participants.

the traffic light form of feedback over a digital
display of information

• It is always better to give the end-user the
agency of choice rather than trying to enforce
any limitations on them

B. Next steps

The design of the platform and the physical device
needs to be iterated upon based on the user feedback.
The key changes that need to be made in the next
design iteration are:

• Privacy concerns need to be addressed clearly in
the messaging of the appeal and, if possible, in
the device itself. Multiple users have expressed
the concern of having an active microphone in
the bathroom, a private and sensitive location.
This can be mitigated by

– allowing the end-user the opportunity to
turn the device off

– options of setting private times when the
device is inactive

– effective messaging in and around the de-
vice to indicate when it is recording infor-
mation and when it is not doing so

• Multiple users requested a summary of the in-
formation collected by the device to be provided
to them. This handover needs to be designed,
and an effective means of conveying this to the
guest is to be developed

• The physical device needs to be tested with
physical users in a physical environment in or-
der to understand better how guests can and will
interact with the platform
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(a) Plot showing user preference on where they would
like to see the appeal message.

(b) Plot showing the preferred placement of the physi-
cal monitoring device in guests’ rooms.

(c) The plot captures how likely users are to read through and select the option most suited
for them when presented with the appeal message.

(d) Plot showing the preferred feedback method from the physical device.

(e) Plot demonstrating users’ preferences when it comes to accessing the
data collected by the device.

Fig. 17: The compiled responses from the user feedback on various elements of the platform. Larger sized
plots can be found in Appendix C
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APPENDIX A
ARDUINO AND PYTHON CODE

The Arduino and Python code for detecting and tracking water activity events can be found in the Github
repository here: https://github.com/SeetharamanSubramanian/boond

APPENDIX B
SURVEY TO UNDERSTAND WATER CONSUMPTION IN HOTELS

The following survey was conducted to obtain primary research and data directly from a target audience in
order to validate some of the findings and inferences from secondary research.

(a) Plot showing the typical trip duration and frequency of participants.

(b) Plot showing the shower duration and the frequency of trips of participants.

(c) Plot showing the shower duration and the length of typical travels of participants.

Fig. 18: Multi-variable plots of shower behaviour with the typical trip duration and frequency.

https://github.com/SeetharamanSubramanian/boond
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APPENDIX C
SURVEY TO GATHER FEEDBACK ON PLATFORM FEATURES

Fig. 19: Plot showing user preference on where they would like to see the appeal message.

Fig. 20: Plot showing the preferred placement of the physical monitoring device in guests’ rooms.
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MNOPQ�RS�TUV�WUXYZ[\]�̂_UỲaZ[Y�̀Z�VX\W�̀ba[cY�_Wd�eff�ghi�jkffklmno�pqirgmknr�sti�kugmknsf�snv�lmff�knfw�xi�qriv�jkt�ghi�uqtukri�kjjmnvmno�ykttifsgmknr�lmghmn�ghi�rykui�kj�ghmr�utkziyg{�|k�mnjkt}sgmkn�lmff�xi�rhstivlmgh�uikufi�nkg�tifsgiv�gk�ghi�utkziyg�vmtiygfw{�~j�wkq�jiif�qnyk}jktgsxfi�snrlitmno�snwpqirgmkn�mn�ghmr�riygmkn��jiif�jtii�gk�fis�i�ghi�jmifv�i}ugw{�K��G=�G��89KJC<�;8�<89��9CC?KJ:<�C?A=;?L

�J�JG?�F?E=KK=KE�@K;�?K;�8D�B<�AJ@<�K�?�@�;@<�GC??�J=B?A�@�;@< �JG?C
�?A�@<F?�8



���������� ��	
�����������������	��

������������	
������	
������������������� �!
��"��#$	%�&��������'� �'�����()� ��%�������*+,�-./0�- 1����!2���3)� ��%�45�	��*6 ����

789�8:;�<=>�?8@A

BCDE�FG�HIJK�LMNOMKP
QNOMK�RSRS�T�UVUW�T�XVXW�T�VVVW�T�WVWW�T�YVYW�T�ZVZW�T�SVSW�IK�I[OMK
\M]D[MD̂[M_INT̀FNDKHaKMbMK�NIE�EI�GDHcKDNGLMNOMKdNEMKGMe fME�]M�EHgMhhh

���������� ��	
�����������������	��

������������	
������	
������������������� �!
��"��#$	%�&��������'� �'�����()� ��%�������*+,�-./0�- 1����!2���3)� ��%�45�	��*6 �����

7889::;<;=;>? @AB9C9D�<?�EFG=>C;8:

HIG>�;:�?AFC�9>IJ;8;>?KHI;>9L=G8M�AC�7NC;8GJ�7O9C;8GJ7O9C;8GJ�PJD;GJ�AC�7=G:MG�QG>;R97:;GJQG>;R9�SGBG;;GJ�AC�@G8;T8�P:=GJD9CU>I9C



25

Fig. 21: The plot captures how likely users are to read through and select the option most suited for them
when presented with the appeal message.

Fig. 22: Plot showing the preferred feedback method from the physical device.
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Fig. 23: Plot demonstrating users’ preferences when it comes to accessing the data collected by the device.

APPENDIX D
CAD DRAWING OF EXTERIOR OF PHYSICAL PROTOTYPE
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