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Framework

According to several studies, user’s decisions, behaviours and habits have a major effect on

resource use be it energy or water.
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Framework

Beal et al. (2011) found that shower use contributes an average of around 30% of the total

household consumption in Australia and the UK.
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Framework

This makes engineered / higher efficiency water using devices such as water efficient

showerheads an important strategy for delivering effective reductions in water consumption.
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Aim of the study

This paper sits within a wider body of work which aims to understand the technical efficiency

of showerheads as well as the extent to which it is efficient-in-use based on other qualitative

metrics such as the user, perceptual and experiential factors.
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Aim of the study

Statistical study to investigate the correlations and differences between water use factors

such as duration and volume (discharge), against user and water efficient showerhead

types.

This paper also provides insights into how quantitative methods and analysis can be

beneficial for understanding the qualitative implications of water efficiency interventions;

such as the tendency for users to make behavioural adjustments according to the perceived

performance of water efficient products.
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Methodology

Analysis of data from 12 users, in 10 showerheads, for 10 weeks. Further details found in

Adeyeye et al (2017).

Statistical tests were applied to evaluate:

i) If there are differences in the shower event durations and amounts of water used as a

result of using the different showerheads.

ii) The possible explanations underlying the distinct behaviours from the various users

when using the same showerhead.

The methodology comprises the following steps:

i) Data preparation, including the codification of the non-numerical information in the

dataset.

ii) Preliminary data analysis and assumption checking.

iii) Testing the difference between the shower events durations and volumes changes.
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Results

Parametric or non-parametric tests can be carried out in order to compare if the mean values

between two distributions are statistically distinct.

Parametric tests are considered more powerful than non-parametric, but require the data to

be normally distributed across each group and to be without outliers.
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Results

The Shapiro-Wilk and Kolmogorov-Smirnov tests reveal that the duration and the water

consumption of the shower event are not normally distributed for several users.

Example of user 1:
Table 5. Duration and water consumption normality test results for user 1. 

Variable Showerhead 
Kolmogorov-Smirnov

a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Duration 
(min) 

2 0.360 7 0.007 0.664 7 0.001 

3 0.484 12 0.000 0.465 12 0.000 

4 0.293 6 0.117 0.915 6 0.473 

5 0.421 7 0.000 0.646 7 0.001 

7 0.414 7 0.001 0.630 7 0.001 

8 0.285 6 0.140 0.711 6 0.008 

9 0.504 7 0.000 0.453 7 0.000 

10 0.367 5 0.026 0.684 5 0.006 

Water 
consumption 
(l) 

2 0.360 7 0.007 0.664 7 0.001 

3 0.484 12 0.000 0.465 12 0.000 

4 0.293 6 0.117 0.915 6 0.473 

5 0.421 7 0.000 0.646 7 0.001 

7 0.414 7 0.001 0.630 7 0.001 

8 0.285 6 0.140 0.711 6 0.008 

9 0.504 7 0.000 0.453 7 0.000 

10 0.367 5 0.026 0.684 5 0.006 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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Results

The Shapiro-Wilk and Kolmogorov-Smirnov tests reveal that the duration and the water

consumption of the shower event are not normally distributed for several showerheads.

Example of showerhead 1: 
Table 6. Duration and water consumption normality test results for showerhead 1. 

Variable User 
Kolmogorov-Smirnov

a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Duration 
(min) 

2 0.367 5 0.026 0.684 5 0.006 

4 0.268 6 ,200
*
 0.862 6 0.197 

5 0.322 8 0.014 0.753 8 0.009 

6 0.251 8 0.148 0.924 8 0.459 

8 0.492 6 0.000 0.496 6 0.000 

9 0.228 7 ,200
*
 0.934 7 0.582 

10 0.192 8 ,200
*
 0.926 8 0.477 

11 0.175 3   1.000 3 1.000 

12 0.233 5 ,200
*
 0.884 5 0.329 

Water 
consumption 
(l) 

2 0.367 5 0.026 0.684 5 0.006 

4 0.268 6 ,200
*
 0.862 6 0.197 

5 0.322 8 0.014 0.753 8 0.009 

6 0.251 8 0.148 0.924 8 0.459 

8 0.492 6 0.000 0.496 6 0.000 

9 0.228 7 ,200
*
 0.934 7 0.582 

10 0.192 8 ,200
*
 0.926 8 0.477 

11 0.175 3   1.000 3 1.000 

12 0.233 5 ,200
*
 0.884 5 0.329 

*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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Results

As such, only non-parametric tests were used in the analysis:

- the Mann-Whitney U test, for comparing two groups;

- the Kruskal-Wallis test, for comparing three or more groups.



Water Efficiency Conference 2018 Aveiro, 05 - 07 September, 2018

Results

I - Analysis of each user separately

User profiles:
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Results

Kruskal-Wallis test reveals that for the different showerheads:

-the duration and water consumption are statistically distinct for users 1, 2, 5, 8 and 10;

- for users 4, 6, 7, 9 and 12 the duration is not statistically distinct but the water consumption

is;

- no statistically significant difference was found either for duration or water consumption for

users 3 and 11.
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Results
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Results

Discussion:

Duration

- the majority of the users do not change their showering pattern, enabling the lower

discharge showerheads to produce a statistically significant reduction in water consumption;

- these results are indications that these water efficient devices provide most users an

equivalent level of comfort so that they do not change their showering habits.

Water consumption

- even if some users change their showering pattern, a statistically significant reduction in

water consumption is still observed but for 2 users;

- these results are indications that even if these water efficient devices force the users to

change their showering habits, the discharge reduction still compensates this change in

behaviour, contributing to save water.
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Results

II - Analysis of each showerhead separately

showerhead characteristics:



Water Efficiency Conference 2018 Aveiro, 05 - 07 September, 2018

Results

Mann-Whitney U test reveals that:

- the duration and water consumption for males and females are statistically distinct for

showerheads 1, 4, 6, 9 and 10.

- no statistically distinct water consumption was found for showerheads 2, 3, 5, 7 and 8.
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Results
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Results
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Results

Discussion:

Duration & Water consumption

- the difference found between water consumption for males and females in some

showerheads might indicate that these water efficient devices do not provide to female users

an equivalent level of comfort as to male users, probably causing a change on their

showering habits.
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Conclusion

This paper uses statistical methods to investigate the individual behaviour of the users when

using different showerheads.

Water savings are possible using water efficient showerheads for the large majority of users,

since the eventual duration adjustment from behavioural change may affect but do not

hinder the potential savings completely.

There seems to be distinct behaviour from males and females to the different showerheads,

particularly when the discharge is high or low.
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