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Abstract: Present water consumption in the UK is unsustainable, with increasing societal and
environmental pressures driving water stress. Personal use of water is a significant contributor
to water demand and considering the number of universities and students in the UK the water
use practices therein cannot be ignored. Therefore, this paper aims to deepen the theme of water
consumption in the United Kingdom from the point of view of use practices for students. The
originality in this research lies in better understanding whether UK Masters level students have a
basic awareness of personal water consumption and water pricing and whether they have a preferred
approach to reducing their water consumption—through a behavioral change, or through adoption
of technologies. Through use of a questionnaire approach applied to five cohorts (2017 to 2021)
of Masters level students, the level of understanding and awareness towards their own domestic
water use both now and in the future was demonstrated. Key findings suggest that Masters students
underestimated their water use by 76% compared to the average UK national range and that there
was an overall preference to adopt water saving technologies rather than changing user behavior
(40% vs. 27%). The study concludes that it is important to approach water conservation from an
SPT perspective in order to achieve meaningful change in water use practices. Qualitative and
quantitative research is analyzed in light of theoretical models (i.e., Social Practice and Attitude
Behavior Framework ABC) in order to make recommendations for greater societal prominence for
this issue through media and education.

Keywords: water use; sustainability; sustainable behavior; sustainability understanding; awareness;
perception; attitude; behavior

1. Introduction

“We never know the worth of water till the well is dry.”—Thomas Fuller

The present use of limited freshwater resources is unsustainable, with water demand
rising faster than the available supply. Increased water use globally due to challenges from
population growth [1–3], climate change and urbanization will in the not too distant future
severely impact society as a whole [4], with increased peaks in water demand, droughts
and extreme weather events [5]. Unfortunately, research suggests that water continues to
be perceived as a plentiful resource in the temperate climate of the UK [6], with increasing
societal expectations and environmental aspirations for its unfettered delivery at the tap [7].

Prior to Brexit the UK moved from tenth highest place in terms of water user per
capita, in 2008 [8], to fifth in 2018 [9]. Therefore a ‘business-as-usual’ approach is no
longer sufficient to meet the ‘wants’ and ‘needs’ of burgeoning city populations. These will
undoubtedly change depending upon who you ask and are likely to take into consideration
peoples’ priorities for life and their local living conditions [10,11] and, moreover, depend
on how aware people are of their own consumption and its impact on current and future
generations. Such awareness stems from education and improved knowledge around
sustainable consumption, and sustainability more broadly. This starts at a grassroots
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level in early childhood education and continues into higher education. There is an
abundance of literature linking sustainable development and its integration with higher
education. In the early days, Hopkinson et al. referred to these initiatives as greening
the curriculum [12]. Schools and Universities are now perceived as being well-versed in
integrating sustainability within their curriculums. However for older cohorts, innovative
ways of engaging them, with the topic of sustainable consumption are always being
sought. Moreover, it is worth considering how students’ acquired knowledge leads to
improvements in awareness and ultimately the realization of actual changes in behavior.
In other words, is a lack of awareness of the issues at hand still prevalent? Those who
lease student properties might suggest that it is, stipulating that students’ general use of
resources, not least water, can be profligate [13]. Given that in 2018/19 there were over
2.38 million students enrolled in higher education courses in the UK, with almost 1.8 million
of these being undergraduate students, and >585 thousand enrolled in postgraduate courses
(a good number of which are overseas students) their contribution to water demands
cannot be ignored. The originality in this research lies in better understanding whether UK
Masters level students have a basic awareness of personal water consumption and water
pricing and whether they have a preferred approach to reducing their water consumption,
through behavioral changes or through adoption of technologies. Additionally, a better
understanding of how students engage (or should be engaged) with respect to reducing
water consumption, and how to best make clear the value-action gaps [13], is also a focus.
A value-action gap is the difference between what people say and what people do (or think
they do); in other words, the spaces that occur when the values [14] or attitudes of an
individual do not necessarily correlate to their actions. Perhaps an integrative approach to
understanding urban sustainability is part of the solution, whereby a combined approach
of considering perception, attitude and awareness and their inter-relationship and power
over behavior is needed [15–17]. Furthermore, perhaps a more considered approach to
how students are engaged with water use behavior, not least when it comes to improving
water use efficiency, is required [18].

The frame of previous research is from the bias of individualistic and disconnected
understanding of external factors, targeting individuals rather than practices. This paper
considers one fundamental step to address this issue by raising the awareness of the next
generation of engineers in innovative ways, perhaps sparking them to reduce their demand
and perhaps, as engineers, to come up with more radical (i.e., truly transformational)
solutions as cities evolve.

Through this research, demand-side management will be informed by perceptions of
water use and the level of awareness in older student cohorts who can act as enablers of
change [19]. The context is within an MSc postgraduate course in Sustainable Construction
and considers outcomes of an innovative method of teaching and data collecting for
sustainability over a period of five years (2017 to 2021). Therein it might be assumed that
any student, having undergone primary, secondary and tertiary education, would be better
informed as to their water using behavior as well as general water pricing, and would have
a preference towards ways of reducing their water consumption.

1.1. Research Aim and Objectives

This research aims to contribute to a greater understanding of the wider theoretical
frameworks and enabling factors influencing student understanding of residential water
conservation, to make recommendations for improvements in governance, policy and
industry initiatives within the UK context. The principal aim of this project is to add to
the growing body of evidence for a novel approach to Social Practice Theory (SPT), for
encouraging water conservation practices of students based on wider factors identified
using grey literature and survey data.

In order to meet the research aim, the following objectives are defined:

O1 To develop an understanding of the current approaches (including interventions) and
issues in residential water conservation within a UK context;
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O2 To identify key behavioral change theories influencing water conservation research;
O3 To develop a simple way to engage MSc students with and measure their perception

and awareness of Sustainable Water use practices.

Following from this introductory section, Section 2 outlines the methodological steps
undertaken to achieve the aim and objectives, and Section 3 provides a critical review of
the literature. Section 4 presents the results of the questionnaire and these are discussed
more fully within the discussion presented in Section 5. Recommendations are made in
Section 6 followed by concluding remarks in Section 7.

2. Methodology
2.1. Introduction

This Section describes the methodological steps (M1–M3) undertaken to fulfil the
aim and underpinning objectives of this research paper (see Section 1.1 In other words,
methodological step M1 allows achievement of Objective O1 and so forth. The development
process of the conceptual framework consists of four stages which are presented in Figure 1.

Figure 1. Overview of methodological stages.

2.2. M1—Identifying Current Research and Approaches to Water Conservation through a
Literature Search

This first methodological step sought to identify literature on current issues and ap-
proaches to water conservation in the UK. Sections 3.1–3.4 provide a summary of this. The
desk-study included researching online journal articles, books and literature from UK-based
water conservation organizations and water industry. Key searches using Web of Science
and Scopus were used to generate related articles using multiple combinations of keywords
such as ‘motivat* + barrier* + water + conservat*’ (39) and ‘water + scarcity + U.K.’ (37),
‘water + perception + U.K.’ (60), using filters for the water resources, civil engineering and
environmental studies fields (which generated more than 136 studies relevant to the UK
context within these and related fields), and snowballing using useful reviews [5,20] to
find further studies, focusing on the explicit or more often implied, conceptual theoretical
frameworks for the approaches proposed by the authors.
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2.3. M2—Identifying Key Theoretical Models by Inspection

This second methodological step sought to identify key theoretical models that in-
fluence research into water conservation behaviors through secondary research; this was
done through reviewing available literature in the field. Steps M1 and M2 were conducted
concurrently to enable summarizing of the drivers of water conservation practices, related
factors, and the greater theoretical reasons for their selection (See Section 3.1). Key themes
from articles relevant to the research topic have informed the Literature Review and Dis-
cussion Chapters of this study. As a result, two key models were identified, as shown in
Figures 1 and 3 (See Sections 3.1 and 3.3, respectively).

2.4. M3—Developing Questionnairre and Analysing Data

This third and final methodological step sought to evaluate the perception of stu-
dent domestic water use habits through the use of a survey approach. In so doing this
enabled comparison of findings with existing research. Herein a number of multiple-choice
questions were selected to investigate water use perceptions and approaches to water con-
servation, in a time-efficient and simple method so as to encourage student participation.
Questions regarding age, gender and country of birth were included to explore the role of
demographics in water conservation [21] and to provide baseline parameters to situate the
participants’ responses within the wider context explored in the literature review.

The survey was developed by the convener of the MSc course in Sustainable Construc-
tion (the lead author of this paper) to increase student engagement in and understanding of
the course by raising awareness of water conservation practices by comparing perceptions
with measured actions and behaviors. This is a long study of one educational group over
five years (February 2017 to March 2021 inclusive), with a wide range of backgrounds
including MSc students from 50 countries.

As stated previously, the method needed to be simple and it needed to spark interest.
Therefore, within the induction session to the module all Masters level students were asked
to fill in a ‘Water use’ questionnaire’ consisting of ten questions related to the students’
awareness of their water use.These related to:

• Demographics (Q1 to Q3)
• Domestic water using habits (Q4 to Q7);
• Water pricing—bottled and mains water (Q8, Q9);
• Preferences when it comes to socio-technological water efficiency approaches (Q10).

The reasoning behind this streamlined set of questions was to give students a task
that will engage them, prompt thought and provide avenues for further discussion and
debate during delivery of the course, when the results of the questionnaire (and previous
responses) would be presented to them. In particular the aim was to raise their awareness
of water use, both as individual students and as a cohort. This included discussions on the
underlying habits, which are more broadly defined in this paper in Section 3. Shortfalls of
such an approach are further discussed in Section 2.4.

Consenting adult student MSc students (n = 299) completed the survey through an
online platform embedded within a canvas page. According to the ethical guidelines of
the University of Birmingham MSc students were made aware of the voluntary basis of
completing the survey and that the data would be anonymized to provide aggregated
results. Students were asked to fill in the survey using whatever technology they preferred
(see Section 3 for results) at the start of the induction session for the course.

The methodology used within this research consisted of gathering data through use
of a questionnaire that contained both closed and open questions. The questionnaire
comprised ten questions, which is considered an ideal number for web surveys [22,23].
The questions are summarized as follows:

Q1. What is your gender?
Q2. What is your age?
Q3. In which country were you born?
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Q4. How much water do you use per day?
Q5. Which of the following uses the most amount of water in our homes?
Q6. How many times do you flush the toilet per day?
Q7. How many minutes do you take in the shower each day?
Q8. How much does a 1 L bottle of drinking water costs in the U.K.?
Q9. How much does 1 L of mains water costs in the UK?
Q10. Which water saving approach is preferred?

It should be noted that Q4 to Q10 are based on the students’ perception (i.e., what
they think) as opposed to what they actually do. Wider aspects of learning outcomes for
students included improving their understanding of:

• Subjectivity vs. Objectivity, Qualitative vs. Quantitative approaches;
• Differences between perceived behavior vs. actual behavior;
• The use of sustainability indicators, metrics and benchmarks;
• Data collection, analysis and presentation—the trouble with averages;
• The importance of local context and conditions;
• Difference between ‘needs’ and ‘wants’;
• How to develop sustainable strategies for reducing Water consumption;

2.5. Limitations of Survey Approach

The approach could be criticized for measuring (in a very shallow way) aspects
that are very broadly defined (i.e., knowledge/awareness). In addition, students could
have been asked more in-depth questions about their knowledge of other aspects relating
to water use and its provision: virtual water (i.e., its use in agriculture and industry),
water supply issues, access to water, sewerage (a significant consumer of potable water),
energy/water/food nexus, and possible water re-use amongst other aspects. However,
trials of a much longer questionnaire which included some of these aspects led to students
disengaging from the process after ten questions, hence the shortened version was adopted.
This was an important finding from a pedagogical point of view. As would be expected,
these other aspects do form significant contributing parts to the MSc course and are covered
within the taught material. The survey approach opened up avenues for further discussion
on these topic areas.

Limitations of the survey also lie in that it was an online survey non-incentivized for
accuracy, with the omission of open-ended questions due to time and cost implications.
It is also recognized that reported perceptions could be aspirational rather than actual
perceptions [24]. As a follow up study, all students were encouraged to measure their
actual (rather than perceived) water use, however very few undertook the self-monitoring
process, indicating that digital interaction was preferable to self-measurement, which
was harder to motivate or, as some suggested, impractical to implement. This again
has implications for the theories presented. Therefore, there was no comparison with
independent measurements of individual water use and available estimates had to be used
for comparison. Results presented in Section 3 are not tested for statistical significance
between different categories, and require empirical testing of a larger sample to ascertain
this. That said, some questions are filtered to ascertain the influence (or not) of age, gender,
country of birth and year of study.

Given the background this student sample might also be assumed to be rather biased,
not least given it is from one university. The choice of a more longitudinal study was un-
dertaken to remove some of this potential bias, however again it is from a single university
perspective and hence follow up studies are advocated using students at other universities
across the UK and overseas.

3. Literature Review

The methodological approach for undertaking the Literature review has been detailed
in M1 (Section 2.2).



Sustainability 2021, 13, 10499 6 of 29

3.1. Theoretical Background for Current Water Conservation Research

This Section traces the theoretical frameworks underpinning current water conserva-
tion research, exploring contextual evidence for their popularity and highlighting the need
for novel approaches for adoption of more effective water conservation interventions.

Difficulty in constructing or modifying water supply systems has led to an ‘increas-
ingly noticeable bias towards anthropocentric demand-side aspects of water management
research’ (Pearce, Desai and Barr, 2013, p. 961) [25]. Most of the current research into
water conservation that informs policy instruments is focused on identifying factors that
influence individual behavior in the form of motivational factors and barriers [26], such as
the Reasonable Person Model [27]. These models, researched widely in environmental psy-
chology, have proposed a causal link between individual behaviors and pro-environmental
actions, prominently citing Ajzen’s Theory of Planned Behavior (TPB) which suggests a
linear and rational decision-making process behind individual behavior [28]. This is based
on exogenous drivers such as product information and price or relies upon individual
attitudes and values [19,29], sometimes referred to as the Attitude, Behavior Change (ABC)
framework [30]. Table 1 shows examples of interventions relying on such an approach.
Therein each Intervention is allied to either a Reasoning Pathway (RP) or Intuition pathway
(IP), as outlined in Figure 2.

Table 1. Examples of interventions using an ABC framework approach.

Intervention Description Reference

Socio-technological
(RP)

Dividing into technological structures, economic
strategies and socio-political methods [31–33]

Priced
Non-price based

(RP)

- Taxes and subsidies
- Water charges
- Regulation
- Technology
- Information provision

[34,35]

Push-Pull nudge
(IP)

Pushing change (mandating technological efficiency
through design codes)

[34,36–40]Pulling change (incentivising the adoption of
smart meters)

Nudging change (using frames for encouraging water
conservation behaviours)

An ever-increasing list of contextual factors, such as material objects and infrastruc-
ture, may account for the identified ‘value-action gap’ [41] re-establishing cause–effect
relationships that can be leveraged through interventions, as perceived to be suitable
by policymakers [42]. Value-action gaps in the field of water conservation are an evi-
dent and growing concern. However, while there is much ‘ideological support for water
conservation’ there is much less practical evidence of its implementation [43]

Behavioral economics gained popularity within the UK government and interna-
tionally around ten years ago, not least within the institution of the Behavioral Insights
Team (BIT). BIT widely uses ‘nudges’, as they are seen as easily adaptable, evidenced and
relatively cheap, requiring little if any, change to current conservation policy [44].
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Figure 2. Model based on the ABC for guiding conservation policy [40]).

Using behavioral economics to inform policy has become synonymously popular
with the concept of ‘nudge’ proposed by Thaler and Sunstein in 2009 [39], which aims to
‘describe ways in which individuals can be benevolently influenced (nudged) when making
decisions.’ [44]. Behavioral nudges can be implemented through a variable combination of
‘social comparisons, defaults, message frames, [or] commitment devices’ [40].

Key influences identified from existing studies and adopted by policymakers can
be best described by the framework proposed by Reddy et al. in 2017 [40], who collated
models readily available in other fields for guiding conservation policy. This was based
on the premise that individual behavioral change will lead to a conservation solution as
shown previously in Figure 2.

Much psychological research has been undertaken to examine the five broad causes
of residential water conservation behaviors: attitudes, beliefs, habits or routines, personal
capabilities, and contextual factors [45]. For MSc students it might be expected that
achieving #1, certainly with respect to knowledge, is a given, and yet if awareness, or
more importantly concern (see Section 3.4) are lacking, the case for achieving #2 may be
problematic. In other words, a student might be eminently aware that they spend >10 min
in the shower but simply not care unless there are incentives (e.g., financial or other) to
change the way they think and behave. Alternatively, #3 (nudging behavior) could be
adopted amongst students at university, making a behavioral change easier and more
intuitive rather than relying upon a reasoning pathway.

3.2. Criticism of Current Water Conservation Interventions

Aside from considerable criticism of ‘nudge’ for its libertarian paternalism, Lodge and
Wegrich [46] demonstrate the paradox between nudge’s assumed bounded rationality of
the policy-maker and its ability to identify choices, which ‘pretends to be evidence-based in
order to find seemingly low cost, high-intelligence measures’ due to various political and financial
factors, with a tendency towards confirmation bias [46]. In other words, focusing on an
ABC paradigm reveals a deeper hope within government to make individualistic choices a
sufficient means of enabling a meaningful change in water demand [30]. Other academics
highlight the inherent dichotomy between water commodification and water conservation
efforts [25]. They further suggest that the structure of the UK’s neoliberal capitalistic
society enables dystopian messages, perpetuating ideas of unlimited water availability as
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an urban lifestyle utility while implicitly portraying end-users as having an uncontrolled
demand despite facing climate change issues. As argued by Shove, Pantzar and Watson
in 2012 ‘the ABC framework is not only a theoretical, but also a political position which
features individuals as both the problem and the solution, minimizing the government’s
role in sustaining ‘unsustainable institutions, conventions and ways of life’ [47]. Thus,
contrary to the bounded rationality of the ABC paradigm, it is suggested that policies
themselves are an emergent effect of the system they seek to influence [48]. Debates within
the water industry arising from water companies’ responses to Ofwat’s tough regulatory
measures [49] and the acceptance of such aspects as water justice (Shrimpton et al., 2021),
serve to demonstrate the existence of complex dynamics sustaining and influencing, both
internally and externally, the current approach. Further discussions on these are beyond
the scope of the current study.

In summary, many studies are price-focused [50], or investigate changes in perception
due to extreme events [51]. Often these approaches are undertaken from a perspective of
finding causal links that support the ABC framework [5,52]. However, a considerable body
of water conservation literature does not link back to a wider theoretical framework that
some argue is required for encouraging water conservation practices [53]. These include
the use of price signals where it is presumed that a rational reduction in water use occurs
for those, in this case students, paying or perceiving a higher price for water [54]. However,
in reality this may not occur depending on how water is both valued and costed.

3.3. Social Practice Theory (SPT)

There is a growing body of literature [42,44,55–59] towards a Social Practice Theory
(SPT) approach, where Social Practice can be understood as formed habits that require
recurrent, consistent reproduction, [48]. Herein, a need to move away from elucidating
individual coherence to integrating wider and more complex ways of understanding
conservation behaviors of students is suggested [53,60]. Additionally, social norms of
students are advocated as a ‘promising instrument’ for improving water conservation
behavior, not least in the UK [34,60]. More specifically, others propose that individual
choices cannot be relied upon solely to produce meaningful changes in society [55,61]. This
follows from the work of Southerton et al., [62] who suggested that individualism, salience
and variability can be overcome through creating new social norms and a culture of water
conservation [62]. Indeed, this is the unique advantage of using SPT in catapulting ‘social
life’ to the foreground [57] through emphasis on the ‘socio-technical structures’ as the basis
for analyses [56].

SPT enables a different view of the problem, rather than simply meeting existing needs
of students. Reframing the practices of water conservation through their relative meanings
(i.e., ideas, aspirations, symbolic meanings), materials (i.e., objects and infrastructures such
as investment and technological advancements) and competencies (i.e., multiple forms
of the conventional understanding of the practice, skills to execute, practical knowledge)
enable a much wider framework of understanding than currently offered [48]. Studies
suggest that policymakers support an SPT approach due to it being risk-averse [44]. How-
ever, more research is needed to overcome any perceived difficulties when using it as
a central model for developing policies and standards. Subsequent development of the
approach by Satur and Lindsay [43] enabled more footholds to be secured for effective
future interventions (Figure 3).
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Figure 3. Social Practice Theory (SPT) based model for investigating water use practices [43].

SPT suggests individuals have less autonomous power in changing their water use
behavior due to a range of widely accepted norms and standards [60], This is different from
TPB, where behavioral achievement is very much dependent on student motivation (i.e.,
intention) and ability (i.e., behavioral control). Hence the role and efficacy of water pricing,
a driver for the ABC approach, is likely to be minimized in real life when considering the
SPT case. While much of the literature focuses on aggregate views of water consumption,
very few studies look at the individual student; this includes pricing level and consumption
perception inaccuracies, particularly in the UK. This study aims to address this gap in
knowledge for postgraduate MSc students, and contribute to the growing support for SPT
to aid water conservation efforts.

3.4. Awareness and Perception

Awareness is the state or level of consciousness where sense data can be confirmed
by an observer. On the other hand, perception is the organization, identification, and
interpretation of sensory information, a process by which organisms interpret and organize
sensation to produce a meaningful experience of the world [63]. An individual may be
eminently aware of the need to conserve water, and they may interpret or perceive that their
water using behavior is very good, yet this may be substantially different from reality. Over
the last 40 years, a move away from simple information campaigns towards enabling wider
societal prominence and awareness has been sought within water conservation literature.
Message framing therein has been shown to be highly influential on reducing household
water use [64]. However, this awareness element is often minimized or inappropriately
explored within the literature [65].

Hence this current study will address this gap, enabling the effectiveness of the current
awareness campaigns and programs for water conservation to be evaluated. It might have
been expected that the survey of students in a Sustainable Construction course would
show a higher level of general awareness than existing studies of general public groups,
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not least because previous research has shown that education affects our actions, including
those related to the environment [66]. Although set against a prevalent misconception of
abundant water resources in the UK [6,67,68] and hence very low awareness of or belief
in water scarcity, it has been shown to manifest in unchecked water use practices [6,64],
including for students. Unfortunately, there is much evidence for the existence of stronger
relationships between individuals’ perceptions of climate change with energy-related issues
‘more than [with] water- or food-related issues’ [69]. Water awareness and appreciation
seem to only temporarily improve in situations where supply is restricted (i.e., during
droughts). Therefore, improving awareness while changing habits and/or lifestyles is
considered to be a key factor in improving water conservation [4,53,62].

This paper contributes to assessing the perception of practice-based end-uses [70],
including residential high water use activities, awareness of water use habits and con-
sumption, and perceived water prices. Tracking the perceptions of water use habits of
students allows for future comparison of the highly educated groups considered in this
paper with more general public studies, allowing investigation of societal prominence
and awareness of water use habits. Students’ preferred strategies for water demand man-
agement, as in whether they prefer a technological efficiency or user behavior change
(curtailment) view, [4] are also investigated and analyzed in the context of underlying
theoretical frameworks.

4. Results

The results are presented descriptively in this section with discussion in light of
theories laid out in Section 5.

4.1. Completion Rate, Time for Completion and Device Preference

Over a five-year period (2017 to 2021), five cohorts of students (600 students in
total) were asked to fill in the questionnaire. Incomplete responses were subsequently
excluded, meaning that 299 fully completed responses could be analyzed, corresponding
to a completion rate of 50%. The average time for completion was 5 min 11 s, well within
the 10 min threshold suggested to maximize responses [23] and minimize dropout rates
and fatigue effects [22].

Mobile phones, at 52% (156 responses), were the most preferred device used to
complete the questionnaire followed by Desktops at 40% (118 responses). Tablets, at 8%,
(25 responses) were the least preferred device.

Tablets had the highest rate completion rate of 63%, followed by mobile at 60%.
Desktops had the lowest completion rate at 40%.

Desktops had the fastest average time to complete (3 min 59 s) followed by mobile
(5 min 42 s) and Tablets, which had the slowest average time to complete (7 min 46 s).

4.2. Demographics

Questions 1 to 3 (Q1 to Q3) were related to the demographic of the student cohort.

4.2.1. Q1—Gender

When considering the 5 years average, 186 respondents (32%) identified as females
and 113 (68%) identified as males. This shows the predominance of males undertaking
engineering courses, a trend consistent across all five years with only mild fluctuation from
43% in 2017 to 34% in both 2020 and 2021. That said, the number is above the 35% female
representation of STEM students in higher education as reported by UCAS data provided
by HESA in 2017/18 [71].

4.2.2. Q2—Age

Almost three quarters of this student group (220—74%) were aged between 18 to 24,
the majority of the remaining quarter (24%) were aged 20 and 29 years, 12 students were
aged between 30 and 39 years and 11 respondents were over aged 40 years and over.
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4.2.3. Q3—Country Where Respondents Were Born

A diverse range of countries, fifty in total, were represented on this MSc course over
the five-year period. The top 25 are shown in Figure 4.

Figure 4. Hierarchy (Top 25 shown) of countries where respondents were born.

This exemplifies the truly global community within the University of Birmingham.
On average, the most represented country was China at 40% (121 students) followed by
the UK at 22% (66 students) and India at 6% (18 students). The remaining 25 countries not
shown in figure each had one student represented during the five years considered.

The three demographic variables considered here allowed the data to be filtered
accordingly to see if the answers were influenced by gender, age or country of birth. The
data could also be filtered by year to see if different yearly intakes influence understanding
and awareness.

4.3. Water Consumption

Questions 4 to 7 (Q4 to Q7) were related to student water consumption and their aware-
ness and understanding of how much water they used and which water uses demanded
the most water.

4.3.1. Q4—How Much Water Do You Think You Use per Day

Students were asked to estimate their own ‘domestic’ water consumption. Table 2
shows results for the whole cohort of students. To help to identify demographic nu-
ances, additional breakdowns are given for the top three most common countries of birth.
Considering responses from all students over the five years it can be seen that the av-
erage consumption of water is estimated to be 35 L/p/day. This is 30% lower than the
50 L/p/day recommended by the UN and 76% less than the 146 L/p/day suggested for
domestic water consumption in the UK [54].
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Table 2. Students estimated Water demand (filtered by country).

Water Consumption.
(L/person/day—L/p/day)

Country (Number of Students)

All
(299)

China
(121)

UK
(66)

India
(18)

0–1 7 6 0 0
1–5 73 54 4 3

5–10 56 28 8 4
10–50 93 22 26 8

50–100 36 5 11 2
100–150 23 3 12 0
150–200 7 1 3 1

>200 4 2 2 0

Average (L/p/day) 35 16 80 31
Bold shows highest number of count within cohort.

When looking at the UK cohort in isolation it can be seen that this average value is
80 L/p/day, some 45% lower than the average UK value and in line with recommended best
practice suggested by the voluntary Code for Sustainable Homes—level 6 [72]. Interestingly,
this is also in line with the findings of a recent report that suggested British householders
underestimated their household water usage by half [73]. Overall, it can be seen that
49 students out of 66 (i.e., 74%) underestimate their water use compared to the national
average of their country of birth (i.e., the UK).

The average for students born in China is lower still at 16 L/p/day, very close to
the value of 15 L/p/day suggested as the minimum quantity of water to survive [54].
More importantly, it is lower by 86% than the 104 L/p/day (38 m3/year) suggested when
assessing water efficiency measures adopted for China [74]. Overall, it can be seen that
115 students out of 121 (i.e., 95%) underestimated their water use compared to the national
average of their country of birth (i.e., China).

The average for students born in India is slightly higher at 31 L/p/day. However,
this is lower by 77% than the benchmark domestic value of 135 l/p/day suggested for
minimum service delivery by the Ministry of Housing and Urban Affairs [75]. Additionally,
it is 73% less than the value of 117 L/p/day suggested for rural semi-arid areas, although
only 44% less than the value of 55 L/p/day suggested for rural areas by the Ministry of
Housing and Urban Affairs [75,76].

In 2018, when assessing global domestic consumption values in 198 cities in 49 coun-
tries the lowest and highest values, respectively, were 14 L/p/day in Mbarara, Uganda
and 538 L/p/day in Denver, CO, USA [77].

Figure 5a,b show that overall choices within the whole cohort of 299 students were
relatively unaffected by the age or gender of students, respectively, with only minor changes
being identified. The same was true of the years 2017 to 2021.
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Figure 5. Influence of (a) age and (b) gender on perceived domestic water use.

4.3.2. Q5—Which of the following Do You Think Uses the Most Amount of Water in
Our Homes?

Students were asked to identify, from a list of eight domestic water using technologies,
those which used the highest amount of water. Figure 6 shows the results, from which can
be seen that the highest water using technology, with 133 votes (45%), was reported to be
showering. Showering is considered by many authors as the highest water consuming
activity within the home [78–80]. Bathing, Toilet Flushing and Washing Machine gained
broadly similar numbers of votes (44, 42 and 37, respectively), fewer combined votes than
showering. These top four water uses again conform to findings from the literature. Hence
it appears that Masters level students are well-informed when identifying where high
water usage occurs in the home.

When filtering against gender, 52% of females considered showering as the highest
water using technology, compared to 40% of the males. This shows that a higher% of
females than males consider showering as the highest water using technology.

When looking at the influence of place of birth on choice of highest water using
application in Figure 7, it can be seen that in all three most numerous birth places identified,
showering is considered to have the highest water use, with China having the highest%
and the UK having the lowest. Additionally, no UK student considered drinking as the
highest water use in the home and no Indian student indicated drinking water, dishwasher
or garden watering as the highest water use.
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Figure 6. Students’ identification of the highest water use application in the home.

Figure 7. Influence of place of birth on choice of highest water using application.

4.3.3. Q6—How Many Times Do You Think You Flush the Toilet per Day?

Students were asked to identify how many times they thought they flushed the toilet
per day. It can be seen from Figure 8 that the most popular choice for estimated toilet flush
count is five, when considering all years. This is unchanged when filtering for year, place
of birth, gender and age group 18 to 24. However, when filtering for age group 25 to 34 the
most popular choice was changed to four flushes per day.

This value is in line with the average value of four to five flushes per day reported in
the literature [78–80], and therefore suggests that on the whole students were aware of the
daily number of flushes they made.
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Figure 8. Estimated Toilet flush count per day.

4.3.4. Q7—How Many Minutes Do You Think You Take in the Shower Each Day?

Students were asked to identify how many minutes they think they spend in the
shower per day. It can be seen from Figure 9 that the most popular choice at 173 counts
(58% of cohort) was 10 min or more when considering all years. This was relatively
unchanged when filtering for place of birth, gender, age group and year of study.

Figure 9. Self-estimated shower lengths of students.

Strikingly, in the Water UK survey only 3% of respondents suggested they had a
shower of 10 min or more. This is a most striking result that shows there is a high level
of uncertainty between what we think we do and what we actually do. Moreover, this
value suggests that on the whole students tend to have longer showers than the 2 to 6 min
suggested through the results of the Water UK survey [73], and significantly more than the
4 min often specified by water providers in times of drought.

When considering that the flow rate of a typical shower is 12 L/min, a 10 min shower
equates to >120 L/p/day if one shower is taken per day. This is not an insignificant
amount of water, and only 25 L less than the total individual daily water consumption
value benchmark at Level 4 of the Code for sustainable Homes [72].

Further investigation of the data showed that 155 students (i.e., 53% of cohort) who
previously suggested they took >10 min showers also suggested (by way of answer to Q4)
that their overall water consumption would be less than 100 L per day. This shows that
over half the student cohort are unaware of how the two are interrelated. That said, some
85 students (i.e., 28% of cohort) suggested they both took >10 min showers and considered
showering as the highest water use (Q5).

Overall, this shows that a quarter of students are aware that showering does have
an impact on water demand, but that they are less able to identify exactly how much
it contributes to overall daily water demands. This was not impacted by place of birth,
gender, or age.
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4.4. Water Pricing

Q8. How much do you think a 1 L bottle of drinking water costs in the UK?
Q9. How much do you think 1 L of mains water costs in the UK?

Students were asked to identify the cost of both mains and bottled water (Figure 10).

Figure 10. Estimated costs of bottled and mains water.

Mains water price perception at the lowest range (i.e., 1 to 25 p) was chosen by 46% of
the student cohort, much higher than surveys of the general public, while only 13% MSc
students chose the lowest cost option [81].

Herein it can be seen that only 25 students (8% of the cohort), from various locations,
thought mains water was more expensive than bottled water (data above solid black line
in Figure 11), meaning that 274 students, 92% of the cohort (data below solid black line in
Figure 11) were aware that bottled water in the UK is more expensive than mains water.

Figure 11. Cost of mains water/cost of mains water for each student.

The average price for bottled water in the UK from this survey came out as 83 p as
compared to 43 p for mains water, the former being in line with typical values for bottled
water, the latter being 1000 times more than the typical value for mains water. The results
suggest that on average students believed mains water was around half the price of bottle
water. The actual price of UK mains water is typically much less (i.e., up to 500× less) than
bottled water. However, the latter can vary significantly according to brand (e.g., own
brand vs. popular brands), location of purchase (e.g., Tesco to Asda), quantity bought (e.g.,
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a single 500 mL bottle to 10 × 1 L multipack bottles) and any store promotions that may be
in place. A quick search of online superstores revealed the prices shown in Table 3.

Table 3. Cost of Bottled water in UK (online superstore prices, July 2021).

Supplier
Cost (£/L)

Own Brand Volvic Highland Spring Evian Nestle (Pure)

Tesco 0.34 d 0.46 c to 1.0 a 0.4 a to 0.5 b 0.9 o to 1.3 r 0.28 a

Lidl - - - - -
Aldi 0.24 a - - - -

Morisssons 0.15 - 0.4 i to 1.4 j 0.39 h to 0.67 i 0.22 h

Sainsbury 0.085 g to 0.24 f 0.38 i 0.5 c to 0.57 h 0.5 c to 1.5 j 0.33 e,h,k

Asda 0.13 b to 0.33 l 0.33 i 0.49 0.47 h to 0.87 o 0.27 p to 0.75 q

Range (£/litre) 0.085 to 0.35 0.33 to 1.0 0.4 to 1.4 0.39 to 1.5 0.22 to 0.75
a 1 L bottle b 4 × 1 L multipack c 6 × 1 L multipack; d 10 × 500 mL multipack; e 12 × 500 mL multipack f 10 × 1 L multipack; g Hubards—2 L
(sparkling); h 6 × 1.5 L multipack; i 1.5 L bottle; j 500 mL bottle; 4 × 2 L multipack; k 24 × 500 mL multipack; l 6 × 750 mL multipack;
o 4 × 750 mL multipack; p 6 × 1.5 L multipack; q 8 × 250 mL multipack; r 750 mL bottle.

Hence the range of pricing shown in Figure 10 for bottled water is not inappropriate
and suggests that students are far more aware of the cost of bottled water than of mains
water. This is as expected, due to greater exposure via everyday interactions buying bottled
water as compared to mains water [24,82]. Figure 12 shows that of those with the lowest
price perception for mains water (i.e., 1–25 pence) only 6% of these were able to correctly
estimate water use (taken as 100 to 150 L), with the remainder either underestimating (39%)
or overestimating (55%) water use.

Figure 12. Perceptions of Mains Water Price and Water Use.

4.5. Water Saving
Q10—Which of the following Options Do You Think Would You Prefer When Considering
Reducing Your Personal Water Consumption?

Given a choice of five options, students were asked to identify their preferred option
for reducing personal water consumption (Figure 13).
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Figure 13. Preferences to Curtailment or Technology adoption.

Herein it can be seen that very few students (6% and 4% respectively) opted for either
changing User behavior (Option A) alone or adopting efficient technologies (Option B)
alone. For UK cohorts, this result agrees with surveys of general UK population which
found that the willingness of 18–24 year olds to try water-saving devices was the high-
est [80]. Moreover, the findings agreed with the general trend of younger people leaning
towards efficiency approaches [52].

An overall general trend, with 40% of the cohort opting for this strategy, was towards
a balanced 50–50 approach between efficiency and curtailment. An approximately equal
proportion (i.e., 22% vs. 27% respectively) had a preference for mostly technological or
mostly curtailment, respectively. Overall, a wide variety of approaches were preferred. A
marginal gender imbalance was found in all choice options, and although these results
have to be statistically tested for significance, they appear to agree with Gholson et al. [51],
who found gender to be a significant predictor with respect to adopting new water-saving
technologies, with males in particular being more favorable toward this choice.

5. Discussion
5.1. Introduction

This Section discusses the implications of the survey findings, situating the issues and
solutions within the broader theoretical frameworks explored in Sections 3.1–3.4 Herein
both the grey literature and survey results suggest a novel approach to water conservation
research and understanding (not least amongst MSc students) is required to enable more
effective water conservation interventions.

5.2. Water Use: Application of Practice Theory

Results demonstrate that MSc students are generally aware which activities use the
most water (i.e., showers and toilet flushing), with a generally accurate perception of
shower durations and flushing frequency but greatly underestimate overall water use, by a
factor of four on average. This suggests that MSc students can generally recognize water
use practices with the highest potential for water savings. The majority of MSc students
(92%) did not have accurate water use perceptions, which is concurrent with the nationally
representative survey in 2015 where 85% of respondents did not know their water use to
any level of accuracy, showing a lack of understanding (i.e., awareness, perception) of their
water consumption behavior [80,81].
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Although promoting individual awareness and concern is a priority in the ABC-based
model (Figure 1), there is a noted lack of prioritization of water conservation at an interna-
tional level, such as the 2016 Paris Agreement [4], and when present water conservation
literature features ‘attractiveness and power’ of ‘behavioral changes driven by informa-
tion provision’ at an international level [34]. Many studies support the suggestion that
awareness of actual individual water consumption will lead to water use savings [52,82,83],
with the implicit knowledge-to-action rational behavioral pathway following the Ajzen
model [28,53]. However, it is evident from other environmental challenges such as climate
change that receiving relevant information ‘does not guarantee appropriate action by the
individual’ [25]. This may partly explain why research finds that many of the previous
efforts have not had a substantial impact on encouraging conservation behaviors [59] and
reducing household water use [60]. This emphasizes the need for alternative models of
understanding beyond individual information provision by considering individuals as
an integral part of their social, cultural and historical settings [59]. Social Practice Theory
offers a promising solution by considering complex socio-technical systems in a more
rounded approach (see Figure 2) by decentralizing individuals to focus the investigation
on routines and key elements reinforcing current practices.

Moreover, individual behavioral change—acting ‘autonomously’ in order to adapt to
climate change, as a result of a single ‘salient’ event such as an intervention—is limiting.
The Governmental role should be set more broadly in order to include the provision of
incentives and coordination [69]. There is recognition of the difficulty in introducing
policies for sustainable resource management but there is a pressing need for ‘increased
government action to align the incentives of individuals with society to limit climate change’ [69].

Surprisingly, the current survey found that engineering MSc students greatly underes-
timated water use despite higher numeracy, contrasting with existing research [84]. This
result could be a corollary of inattention due to marginal water prices (see Section 5.3),
which suggests that a wider social norm and meaning related to water must change from
abundant commodity to a precious resource for greater social prominence. Incorporating
‘new pro-environmental meanings, skills and stuff . . . into normal working life.’ can lead to
‘subtle shifts in elements of practice’ to achieve ‘broader transformation’ that are needed [84]. A
central role of the ‘social dynamics of practice is often underplayed’ in conventional and
social practice theory approaches [55], leading to trends where environmental impacts of
water use are not taken into account [6,50,85]. Nonetheless, the power of social norms
and social actors in stimulating wide social changes can be indicated by the success of
media coverage through societal prominence [86]. Heavy media attention highlighting
the need for water conservation, which is linked to public attention, has been shown to
result in an 11–18% reduction in water use [65]. Additionally, the effectiveness of publicity,
community-based programs and water conservation education are emphasized as key
ways to achieve water savings [52,87,88]. This is true of postgraduate students and very
much requires the creation of a society where water is valued; education at a younger age
may play a significant role, as younger children are more responsive to environmental
attitudes [89] where active forms of learning are more effective [68]. After all, when it
comes to the environment, as the ESRC notes, education effects our actions [21,44]. The
University of Birmingham, as with others across the UK, very much has sustainability at
its heart and therefore research such as this begins to scratch the surface of whether such
an ethos ultimately instills sustainable behavior in students; further research and insights
in this area should be sought.

Framed by a practice theory perspective, water use practices are emphatically reliant
on being in harmony with other routine practices within the home. Alternative research
methods and educational programs are required, such as effective use of a diary for
collective residential water usage data rather than individual estimates [24]; these offer
greater opportunities to discover important inter- and intra-relationships ‘between whole
bundles of practice that co-exist in particular domains of everyday life’ [55]. For example, a
practice memory scrapbook has been demonstrated to be a useful qualitative method in
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further engaging and uncovering everyday normative practices involved in meanings,
materials and skills [90]. Where students in this research identified what they actually
used as compared to what they thought they used, significant discrepancies were apparent;
students typically underestimated their water use. Further research into this area would be
required to identify whether this is the case for all student cohorts and the population as
a whole.

5.3. Pricing

There were largely accurate perceptions of the low cost of mains water pricing com-
pared to bottled water. However, this was accompanied by a vast underestimation of
overall water use, which suggests that pricing (certainly at current rates) is not central to
the water use practice of students. The results of this study are consistent with existing
UK-based studies where MSc students demonstrated a lack of knowledge of their own
water tariffs and consumption [34,91]. The UK’s temperate climate and small water bills for
an unmetered water supply may be a factor in demonstrated ‘weak engagement’ of water
customers [6,34]. This may point to an underlying consumer meaning of water scarcity as a
socially produced scarcity rather than an absolute one, consequently relegating the burden
of behavioral change to the unknown future. This attitude seems to be corroborated by the
water companies, who seek to make a profit from offering assured secure supplies at all
times in part to drive up sales [35], but also to ensure residents’ rights to access clean water
supplies are met.

Increasing block tariffs (IBT) as economic incentives are presented as a possible solu-
tion by authors [54] and are already successfully implemented by Hungary and Germany.
However, trials have shown insufficient behavioral change, possibly due to insufficient
price differentials [54]. Raising water prices is not only politically difficult [54,92]; IBT is
also likely to further stress the lower-income groups unfairly from a social equity, water
justice [93] and human rights perspective unless regulatory roles are carried out satisfacto-
rily [54]. Moreover, higher-level income households are less perceptive to price changes
despite being higher water consumers [94], making price changes less effective [88].

Some empirical evidence following the ABC framework supports curtailment driven
by individual pro-environmental attitudes rather than pricing or demographics [95], with
recent research suggesting nudges may be effective even in absence of pricing [38]. How-
ever, the rational linear model of behavior [15–17] may not effectively apply to residential
water use as water users are ‘rationally inattentive’, using simple heuristics to judge water
bills’ accuracy due to the marginal cost of water [96], and making attitudinal change harder
to achieve. Following the practice theory approach, wider social practice changes may
contribute to conservative practices regardless of individual attitudes and beliefs [55]. As
survey results show, water use perceptions are underestimated and undervalued, therefore
social interactions may be the pivotal change needed within the UK context for effective
water conservation. Research suggests that residential users are ‘primarily responding to
social comparisons due to increased salience of the moral cost of water consumption’ [38].

In essence, application of social dynamics using social practice theory (SPT) may also
enable greater understanding and buy-in towards pricing strategies.

5.4. Water Conservation Approaches
5.4.1. Technology Efficiency vs. Curtailment

Technological efficiency has been researched more extensively than curtailment, prob-
ably due to easier implementation through single events as compared to ‘willpower’
associated with curtailment [5]. While results indicate that the majority of MSc students
favor a 50:50 approach, the reality might be different. From a practice theory perspective,
substitution in things or technology is found to be easier than reconfigurations of existing
practices [55]. Individual financial incentives and payback periods are often quoted in the
drive to continually upgrade appliances [70], but the implications for the wider systems
are ignored as technology efficiency cannot be seamlessly ‘substituted into the ‘social tissue’’
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without changing the system ‘substantially and unpredictably’ [42]. Over-reliance on technol-
ogy by both MSc students and the wider population may lead to the rebound effect that
Labanca and Bertoldi [35] demonstrate with respect to energy using SPT, where improved
efficiency may lead to higher use thereby driving even higher final consumption. Qualita-
tive changes can offset the reductions achieved by technological efficiency [42,67,68,92]. In
terms of water conservation, the perception that air-flow regulators enable water savings
may influence behavior to inadvertently use showers for longer [97], hence strategies
relying overly on technological evolution may face adverse unintended consequences.
There is a distinctive societal norm of valuing ‘needs’ and ‘wants’ with the same level of
importance, and both are generally used as benchmarking requirements in studies in this
area [31]. Aspects of needs and wants for water as well as other resources have provoked a
good level of discussion within all MSc cohorts over the years, not least with respect to
the stark differences between developed and developing countries; these mirrored larger
debates within the sustainability agenda.

For example, international agreements such as the 2016 Paris Agreement are often
criticized as being heavily dependent on technological advancement and counterproductive
due to the meanings of service conveyed by these interventions [98], as ‘self-fulfilling
conventions of need and entitlement are tacitly buried in plans and strategies’ [47,48]. A key
implicit understanding of policymakers that efficiency must not ‘constrain or limit the
multiplication of human activities, this limitation representing a potential threat for economic
growth and social well-being’ [35], thus purely efficiency-based solutions may act to preserve
the current standards of living and ‘help perpetuate unsustainable ways of life’ [48]. This
approach is found, naturally, to be ineffective in the long-term [99]. Lack of flexibility in the
UK regarding our current quality of life and future aspirations [47] mean that standards
inherently lead towards a more technological efficiency approach to water conservation [47].
Therefore, it is argued that the problem definition of water conservation must be reframed
to enable a more holistic and effective approach to water conservation i.e., through a greater
appreciation of such aspects as the water energy-food nexus [100–103].

5.4.2. Smart Meters

Smart meters are presented as a modern necessity or ‘essential enablers’ for improved
measurement and management of urban potable water supply systems [70], with some
studies finding reduced water use with the implementation of smart water meters [104,105].
However, widespread household water metering does not currently exist in the UK [61],
thus this approach faces challenges as a practical solution. Research into consumer feedback
technology is largely based on the ABC framework, particularly developments in smart
metering technologies with individualized feedback mechanisms. As part of the ABC
framework this helps with raising awareness of students and the public alike to their water
use. Therein it would be hoped that this would incentivize changes in behavior, leading
to a step change (reduction) in water use. There is a logical rationale here, and studies
do imply that monitoring consumption of water will allow customers to control their
consumption directly [106]. However, studies have also shown that hourly consumption of
water through shower use data made no significant difference in demand for consumers;
moreover, it led to them adopting more energy-efficient alternative appliances such as
electric showers [107] which may partly be explained by qualitative or practical changes in
the system [42]. Thus, the behavior incentivized was not to reduce showering time, as one
might expect, but to seek a technological efficiency route—both of these being considered
as options in the survey presented in this paper.

Lima and Navas [107] specify the need for ‘involved and active clients’, arguing that
efforts in encouraging ‘conscious’ use of water need to be supported by a wider behavioral
change with respect to water conservation in order to be able to take full advantage of smart
metering. Also, while social practice theory recognizes the usefulness of contextualizing
national environmental conservation aims to the local context in refocusing individual
impact on water use and ‘making it real and relevant’ [55,108], it also cautions against
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‘excessively individualistic measures’ [48]. This may partly explain ineffective responses to
the detailed feedback found in the Home Water Update study [108]. Thus, SPT considers
technology as things with dynamic socio-technical interlinks with other practices and
not merely as another decision-making factor, giving greater credence to the material
and infrastructure contexts as compared to dominant models [55]. At the same time,
the importance of social prominence and justice cannot be disregarded in setting the
benchmarks and standards as part of meanings.

5.4.3. Curtailment

Just as water conservation is recognized as a cheaper and more time-efficient method
of satisfying growing water demand compared to constructing new water supplies [31],
curtailment has been widely recognized for cost saving as well as wider ‘indirect costs for
the energy requirement to treat, pump and maintain the water supply network’ [31]. Water con-
servation based on curtailment can be quickly implemented without heavy infrastructure
investments [20]. Research demonstrates that total residential demand or peak shift can
lead to cost savings for water supply companies [31], with additional savings of up to
10% per household if cold water wastage is reduced [109]. Some technologies can be less
acceptable due to user perception, for example, very low 1.5 L flush toilets or low flow
showers [79]. However, as technology reaches and passes saturation point [20] curtailment
is predicted to play a dominant role in achieving long-term ‘persistent’ reductions in water
demands, due to ever growing populations [79]. In line with the earlier ABC framework
(Figure 2), communication aimed at curtailment is a key part of reducing water consump-
tion. Moreover, it can be portrayed as playing a key role in overcoming (i.e., offsetting)
the unexpected changes in behavior [110] discussed in Section 4.2. The key to the ABC
framework is in how we make this transition—through the path of least resistance—either
nudging students or adopting rational pathways with improvement in student knowledge,
awareness, attitude and motivation. Some combination of the two is likely. Again, further
research is needed to see which works best for student cohorts.

5.4.4. Combined Solution Advantages

Results from this current study showed that MSc students have a preference for a 50:50
combination of efficiency (technological) and curtailment when considering approaches to
water conservation. This agrees with the widely supported view of a combined solution
of both curtailment and adopting water-efficient technology as being indispensable for
reducing water demand [5,20,34,52]. For example, improvements largely based on nudged
curtailments for students (for example, push button controls for showers, incentivizing
reduced shower duration, not running tap water while brushing teeth, waiting for a full
washing load, rinsing dishes in tubs) in combination with using water efficient technologies
(installing water-efficient washing machines and showerheads) are suggested [31]. Using a
futures framework, a UK based study found that altering user behavior or technological
efficiency measures separately only led to a 55% reduction in domestic water consumption
per capita, compared with an 80% reduction when both approaches are combined [31].
This is supported by other studies showing that largely behavioral improvements range
from 18.6–53.0% savings in water consumption [70].

Technology can help curtailment, making the dynamic nature of technology-curtailment
relationship difficult to categorize decisively (i.e., by setting timers for showering or
detecting leaks and repairing them [84]), and feedback through smart metering can be used
to raise awareness for water conservation [109], making its use complementary in many
ways. In line with the ABC framework for changing behavior, a similar type of approach
would be needed for changing and improving technological efficiency that householders
or student landlords invest in, either through a reasoning or intuition pathway—in some
ways a carrot or stick approach.
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5.4.5. Educational Merits of the Survey

The purpose of the survey was to engage students with the topic of sustainable water
use practices. MSc students were shown their results and those of previous years as a
precursor to opening up discussion on perceived vs. actual behavior. As a follow up to
the course, in all of the five years students were asked to highlight key aspects of the
course that helped them with understanding and engaging with the topic of sustainability.
Repeatedly, students highlighted the survey as being a key component of this, not least in
raising awareness of their own water using habits and knowledge. In this way, it can be
deemed to have been successful and has shown to provide a key to opening up minds to
engage with the topic of sustainable resource consumption. Hence it has not prompted
a change in teaching, but it could be argued that the lack of awareness shown in MSc
students might prompt its use at an earlier stage of undergraduate education.

6. Recommendations

Based on the research that has been undertaken here, both qualitative and quantitative
elements of this study emphasize the importance of de-centralizing the individual to
overcome the problem in current water conservation research. Evidence suggests a number
of key recommendations:

• Social Practice Theory (SPT): Adoption of a novel theoretical SPT framework could
be a key requirement in broadening study scopes to find more effective ways of
reducing water demand. Further research is needed for practical application of an
SPT approach, particularly in meanings and how changing our unit of understanding
can help water conservation efforts, taking lessons from the more advanced energy
and health sectors. In understanding water conservation as a practice theory problem,
the links between the different bundles of practices must be examined holistically to
find elements enabling its renewal before the practice can be effectively challenged
and reformed in more sustainable ways [55].

• Semi-Structured Interviews and Case Studies: Although the online survey of students
has served its purpose in assessing the level of awareness of MSc students, semi-
structured interviews and case studies are more appropriate to discover perceptions
and find emerging socially constructed patterns of water use [53,55,111,112]. For ex-
ample, it would be interesting to explore perceptions of individual water use habits of
students (MSc and undergraduate) through interviews following an initial perception
survey and monitored usage via smart meters.

• Longitudinal Studies: Although the present study contributes to the gap, larger
samples of more longitudinal studies on individual-level perception inaccuracies
are needed. More accurate water usage data on students is also needed, inclusive
of water-use diaries, to enable comparison between international students in other
schools both within the University of Birmingham and at other universities. Using
water use practices as the unit of analysis enables research on approaching customers
based on their water use practices that would be valuable for the water industry and
future governmental policies.

• Efficacy of water-saving education: Studies are needed to investigate the effectiveness
of water-saving education programs in other universities and how this corresponds
to actual water savings, either through monitoring water demand or using a diary to
discover links of practices to offer more effective intervention opportunities, which
also allows an opportunity to investigate trust in information sources and our social
understanding of water.

Weak engagement of water users due to lack of national and international attention,
paired with self-fulfilling standards and policies, may explain the ineffectiveness of current
approaches. A more central role for social dynamics using social media with supported
early education and societal prominence beyond the monetary value of water is a promising
solution. Cost-effective methods such as making water-conservation a part of the schooling
system and community-based programs with an emphasis on the water-energy-food nexus
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and conservation of our natural resources may enable increased buy-in from the public
on other approaches with respect to pricing and conscious use of technology. Using water
use practices as our central unit of analysis and redefining the problem with a greater
appreciation of sociotechnical effects may be the key to reducing water demand in the
long-term. Thus, a more holistic, multi-modal approach, informed by practice theory
based research is needed at different levels of policies and initiatives in order for water
conservation practices to emerge as a part of the fabric of a modern urban lifestyle.

7. Conclusions
Key Findings

To conclude, this study has successfully enlarged upon the current issues in residential
water conservation of MSc students, analyzing key themes and approaches for achieving
water savings through survey results together with available grey literature, to suggest
Social Practice Theory (SPT) to be a more effective means of approaching water conservation
for students in the UK. This research contributes to perception studies, which are lacking
as few have been done in individual-level water conservation, with almost none in the
further education cohort. The survey investigated the individual level of awareness and
perceptual inaccuracies of water use habits and price to uncover issues with the current
societal prominence awarded to water. The key findings are that on average, Masters
level students:

• Underestimate their water use compared to the national average, by a factor of ap-
proximately four;

• Have a high general awareness of high water use activities, with perceptions of
showering and toilet flushing frequency being comparable to national estimates;

• Have inaccurate perceptions of water use which, moreover, are highly influenced by
country of birth;

• Are well aware of the cost disparity between mains and bottled water cost, however
they are more aware of the cost of bottled water (47% of students correctly estimated
mains water price within 25% accuracy, compared to 58% for bottled water);

• Have a preference (89% of MSc students) for some kind of combined approach (as
between technological efficiency and curtailment) to reduce personal water use. This
indicates that they are likely to respond positively and adopt water-conservation
behaviors given the correct encouragement and education.

Results were shown to be comparable to a number of existing studies and national
averages, reinforcing both the relevance and reliability of the approach.

This study further advocates that:

• Current individual-focused policies and industry initiatives using pricing approaches
and via smart metering have had limited impact. Moreover, increasing the marginal
mains water prices in the UK may be politically difficult and ineffective due to a lack
of rationally attentive water users;

• Survey results support the conclusion that information-based interventions are not
leading to effective awareness or overcoming the value-action gap. A possible over-
gearing towards technological efficiency could be due partially to an implicit view
towards preserving the current lifestyle and standards, generally finding alternative
technology at a higher economic cost to be preferable to changes in practice. It is
proposed that the wider socio-technical context of water use practices must change
in its meanings from abundant commodity to precious resource in order for greater
social prominence to encourage water conservation practices;

• Current perceptions of water abundance in the UK are likely to result in greater risk
of water scarcity and associated problems compared to other developed countries,
which are taking notice of and prioritizing water conservation and using alternative
strategies in response to growing population and climate change pressures.
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