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Framework

Accordingtoseveralstudies,userôsdecisions,behavioursandhabitshavea majoreffecton

resourceusebeit energyorwater.
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Framework

Bealet al. (2011) foundthatshowerusecontributesanaverageof around30%of thetotal

householdconsumptioninAustraliaandtheUK.
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Framework

Thismakesengineered/ higherefficiencywaterusingdevicessuchas waterefficient

showerheadsanimportantstrategyfordeliveringeffectivereductionsinwaterconsumption.
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Aim of the study

Thispapersitswithina widerbodyofworkwhichaimstounderstandthetechnicalefficiency

ofshowerheadsaswellastheextenttowhichit isefficient-in-usebasedonotherqualitative

metricssuchastheuser,perceptualandexperientialfactors.
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Aim of the study

Statisticalstudyto investigatethecorrelationsanddifferencesbetweenwaterusefactors

suchas durationandvolume(discharge),againstuserand waterefficientshowerhead

types.

This paperalso providesinsightsinto how quantitativemethodsand analysiscan be

beneficialfor understandingthe qualitativeimplicationsof waterefficiencyinterventions;

suchasthetendencyforuserstomakebehaviouraladjustmentsaccordingtotheperceived

performanceofwaterefficientproducts.
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Methodology

Analysisof datafrom12users,in 10showerheads,for10weeks. Furtherdetailsfoundin

Adeyeyeetal(2017).

Statisticaltestswereappliedtoevaluate:

i) If therearedifferencesin theshowereventdurationsandamountsofwaterusedasa

resultofusingthedifferentshowerheads.

ii) Thepossibleexplanationsunderlyingthedistinctbehavioursfromthevarioususers

whenusingthesameshowerhead.

Themethodologycomprisesthefollowingsteps:

i) Datapreparation,includingthe codificationof the non-numericalinformationin the

dataset.

ii) Preliminarydataanalysisandassumptionchecking.

iii) Testingthedifferencebetweentheshowereventsdurationsandvolumeschanges.
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Results

Parametricornon-parametrictestscanbecarriedoutinordertocompareif themeanvalues

betweentwodistributionsarestatisticallydistinct.

Parametrictestsareconsideredmorepowerfulthannon-parametric,butrequirethedatato

benormallydistributedacrosseachgroupandtobewithoutoutliers.
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Results

TheShapiro-WilkandKolmogorov-Smirnovtestsrevealthat the durationandthe water

consumptionoftheshowereventarenotnormallydistributedforseveralusers.

Exampleofuser1:
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

TheShapiro-WilkandKolmogorov-Smirnovtestsrevealthat the durationandthe water

consumptionoftheshowereventarenotnormallydistributedforseveralshowerheads.

Exampleofshowerhead1: 
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

Assuch,onlynon-parametrictestswereusedintheanalysis:

- theMann-WhitneyUtest,forcomparingtwogroups;

- theKruskal-Wallistest,forcomparingthreeormoregroups.
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Results

I -Analysisofeachuserseparately

Userprofiles:
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Results

Kruskal-Wallistestrevealsthatforthedifferentshowerheads:

-thedurationandwaterconsumptionarestatisticallydistinctforusers1, 2, 5, 8and10;

- forusers4, 6, 7, 9 and12thedurationisnotstatisticallydistinctbutthewaterconsumption

is;

- nostatisticallysignificantdifferencewasfoundeitherfordurationorwaterconsumptionfor

users3and11.
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Results
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Results

Discussion:

Duration

- the majorityof the usersdo not changetheir showeringpattern,enablingthe lower

dischargeshowerheadstoproduceastatisticallysignificantreductioninwaterconsumption;

- theseresultsare indicationsthat thesewaterefficientdevicesprovidemostusersan

equivalentlevelofcomfortsothattheydonotchangetheirshoweringhabits.

Waterconsumption

- evenif someuserschangetheirshoweringpattern,a statisticallysignificantreductionin

waterconsumptionisstillobservedbutfor2users;

- theseresultsareindicationsthatevenif thesewaterefficientdevicesforcetheusersto

changetheirshoweringhabits,the dischargereductionstill compensatesthischangein

behaviour, contributingtosavewater.
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Results

II -Analysisofeachshowerheadseparately

showerheadcharacteristics:



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

Results

Mann-WhitneyUtestrevealsthat:

- the durationandwaterconsumptionfor malesandfemalesare statisticallydistinctfor

showerheads1, 4, 6, 9and10.

- nostatisticallydistinctwaterconsumptionwasfoundforshowerheads2, 3, 5, 7and8.
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Results
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Results
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Results

Discussion:

Duration&Waterconsumption

- the differencefound betweenwater consumptionfor malesand femalesin some

showerheadsmightindicatethatthesewaterefficientdevicesdonotprovidetofemaleusers

an equivalentlevelof comfortas to maleusers,probablycausinga changeon their

showeringhabits.
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Conclusion

Thispaperusesstatisticalmethodstoinvestigatetheindividualbehaviouroftheuserswhen

usingdifferentshowerheads.

Watersavingsarepossibleusingwaterefficientshowerheadsforthelargemajorityofusers,

sincethe eventualdurationadjustmentfrombehaviouralchangemayaffectbut do not

hinderthepotentialsavingscompletely.

Thereseemstobedistinctbehaviourfrommalesandfemalesto thedifferentshowerheads,

particularlywhenthedischargeishighorlow.


