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Framework

Accordintpseverastudiesy s edec@isndyehaviourandhabitdhavea majoreffecon
resourcesebeit energyrwater




Framework

Bealetal (201) foundhatshoweusecontributeanaverag®f around®o of thetotal
householdonsumptianAustraliandtheUK
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Framework

Thismakesengineered higherefficiencyvaterusingdevicessuchas waterefficient
showerheadsimportargtrategyordeliveringffectiveeductions wateiconsumption
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Aim of the study

Thispapesitswithira widetbodyofworkwhichaimsto understanthetechnicatfficiency
of showerheadswellastheextentowhicht is efficieninrusebasednothemqualitative
metricsuchastheuserperceptuandexperientidctors




Aim of the study

Statisticattudyto investigatéhe correlationanddifferencebetweemwaterusefactors
suchas duratiorand volume(discharge pgainstuserand waterefficienshowerhead
types

This paperalso providesnsightsinto how quantitativenethodsand analysiscan be
beneficiator understandinipe qualitativémplicationsf waterefficiencynterventions

suchasthetendencforuserdo makebehaviouraldjustmentsccordingp theperceived
performanaaf wateefficienproducts




Methodology

Analysi®f datafroml12 usersjn 10 showerheadfr 10 weeksFurthedetailfoundn
Adeyeyetal (2017.

Statisticaestswereappliedoevaluate

) Iftherearedifferenceis theshoweeventdurationandamountsfwaterusedasa
resulbfusinghedifferenshowerheads

i) Thepossibleexplanationsnderlyinghe distincbehaviourffomthe varioususers
wherusinghesameshowerhead

Themethodologyomprisethefollowingteps

) Datapreparationncludinghe codificationf the nornumericainformatiom the
dataset

i)  Preliminagataanalysisndassumptiothecking
i) Testinghedifferencbetweemtheshoweeventsiurationandvolumeshanges




RESS

Parametriornonrparametriestscanbecarriedutin ordetocompard themearnvalues
betweewodistributiorasrestatisticallgistinct

Parametriestsareconsiderethorepowerfulhannonparametri@qutrequirghedatato
benormallgistributedcroseachgroupandto bewithoubutliers




RESS

The ShapirdWilkand Kolmogore@mirnouvestsrevealthatthe duratiorand the water
consumptiarftheshoweeventarenotnormallgistributetbrseveralisers

Examplefuserl:

Showerhead
2 | o360 7| 0007] 0664] 7|  0.001]
3 | 0484 12| 0.000| 0465| 12|  0.000
4 | 0293] @ 6| 0117] 0915] @ 6] 0473
Duraton |5 | 0421] 7] 0000] 0646] 7|  0.001]
(min) 7 | o414 7] 0001] 0630]  7[  0.001
8 | o028 6| 0140] 0711] 6]  0.008]
9 [ os504] 7] 0000] 0453] 7]  0.000]

0.001
0.000

Water
consumption

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




RESS

The ShapirdWilkand Kolmogore@mirnouvestsrevealthatthe duratiorand the water
consumptiasftheshoweeventarenotnormalldistributetbrseveralisers

Examplefuserl:

Showerhead
4 | 0293 6| 0117] 0915 6| 0473

Duration .

(min) :

.

Water . . .

consumption : : :

. -

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




RESS

The ShapirdWilkand Kolmogore@mirnouvestsrevealthatthe duratiorand the water
consumptiarftheshoweeventarenotnormallgistributetbrseverathowerheads

Examplefshowerheal

s
___
| 0268] 6] 200 0862] 6]  0.97
0322 @ 8] 0014[ 0753] @ 8]  0.009]
buration o251 s ods| 0o 8| 0450
(min) | 0492] 6] 0000] 0496 6]  0.000]
o | o028 @ 7| 200 0934 7| 0582]
;0 | o192] = 8] 200] 0926 8]  0.477]
11 | oars| 3] | 1000] 3] 1.000]
4 | o2e8] = 6| 200| 082 6| 0.197]
5 | o032 = 8 0014 0753] 8|  0.009]
Water 6 | o2s1] 8] 0148] 0924 = 8|  0.459]
consumption [8 [ 0492] 6] 0.000[ 049%[  6[  0.000]
(1) o | o228 @ 7| 200] 0934 = 7| 0582]
_i_ﬂ
11 | oayrs| 3] | 1000] 3]  1.000]

*. This is a lower bound of the true S|gn|f|cance

a. Lilliefors Significance Correction




RESS

The ShapirdWilkand Kolmogore@mirnouvestsrevealthatthe duratiorand the water
consumptiarftheshoweeventarenotnormallgistributetbrseverathowerheads

Examplefshowerheal

s
4 | o2e8] 6] 200| 0862 6] 0.197]
5 | 032 = 8] 0014 0753] @ 8] 0.009]
owaion & | o2si] 8| oids| o0o24] 8| 0459
(min) 8 | 0492] @ 6| 0000] 0496/ 6]  0.000]
o | o028 @ 7| 200 0934 7| 0582]
;0 | o192] = 8] 200] 0926 8]  0.477]
11 | oars| 3] | 1000] 3] 1.000]
4 | o2e8] 6| 200| 082 6] 0.197]
5 | o032 8/ o0014] 0753 = 8| 0.009]
Water 6 | o2s1] 8] 0148 0924 @ 8|  0.459]
consumption [8 | 0492] 6|  0.00] 049]| 6]  0.000]
(1) o | o228 @ 7| 200] 0934 = 7| 0582]
10 | 0192 @ 8] 200 0926] 8] 0477]
11 | oayrs| 3] | 1000] 3]  1.000]
*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction




RESS

Assuchpnlynonparametriestswereusedntheanalysis

-theManAWVhitney test forcomparintyvogroups

-theKruskalWalligest forcomparinthreeormoregroups




RESS

| - Analysisfeachuserseparately

Usermrofiles

Highest
qualification
PG degree,
Doctorate

Female | 35-44

Female

Female PG degree,

Doctorate

35- 44
25-34

PG degree,
Doctorate
PG degree,
Doctorate
PG degree,
Doctorate

Female

Female

7

Male PG degree,
Doctorate
PG degree,

Doctorate

Male
Male

Professional

gualification

Male

45-54

Male
35-44 | Further
Education/
College

Male

-n
]

1
25-34 | Bachelor 151-155cm (to 5ft | 51-55kg
Degree 1inches)

25-34 | Currently 166-170cm (to | 76-80kg 0
studying 5ft7inches)

35-44 | Professional 171-175cm (to 5ft 9 | 66-70kg
qualification inches)

[ e [ e[ e |
56-160cm (to 5ft | 51-55kg £40,000 - | Polish Catholic | Married or domestic | All
3inches) & Jewish partnership

Married or domestic

£49,1003
£20,000 - | White
partnership

Mixed/Multiple Married or domestic

inches)
151-155cm (to 5ft | 56-60kg Single, never married | No religion
iimeneny o | Botons T | ereeen)
156-160cm (to 5ft | 56-60kg £20,000 - | White Divorced No religion
nenen, | 0 atong e e o
- . i 0 i i
inches) e ethnic groups partnership
180cm and more | 76-80kg £20,000 - | White Single, never married | Christian
O s | e
Married or domestic igi

(6ft +)
£20,000

£29,
partnership
- | White
151-155cm (to 5ft | 90Kg + £30,000 - | White Married or domestic | No religion
ol N e
No religio

. partnership -

5ft7inches) are partnership
60,000 Asian/Asian Married or domestic | No religion
oreeen

partnership
176-180cm (to 5ft | 66-70kg £50,000 - | White No religion
11inches) £59,999

Married or domestic
partnership

Employment

Ethnicity Relationship Religious
beliefs

Employed (full-
time)
Employed (full-
time)
Employed (full-
time)
Employed (full-
time)
Employed (part
-time)
Employed and
studying (part -
time)
Employed (full-
time)
Employed (full-
time)

Student

Employed (full-
time)
Employed (full-
time)
Employed (full-
time)




RESS

KruskalWalligestrevealshatforthedifferenshowerheads
theduratiomndwateiconsumptiaarestatisticallgistinctorusersl, 2, 5, 8and1(Q

-foruserss, 6, 7, 9 andl2theduratioms notstatisticallgistincbutthewateiconsumptia
IS,

- nostatisticallgignificardifferencevasfounceitherforduratioror waterconsumptidior
users3andll




RESS

Variable Duration {min) Water consumption {I:-

E'EGFEEDfFFEEd“m _-

a. Thete
b. Multip
samples.




RESS

Discussion

Duration

-the majorityof the usersdo not changetheir showeringpattern,enablinghe lower
dischargshowerheads produce statisticallsignificareductiom wateiconsumption

-theseresultsare indicationshat thesewaterefficientdevicegrovidemostusersan
equivalerievebfcomforsothattheydonotchangeheirshoweringabits

Wateconsumption
- evenif someuserschangdheirshoweringatterna statisticallgignificanteductiom
wateiconsumptiaastillobserve@utfor2 users

-theseresultsare indicationthatevenif thesewaterefficientlevicedorcethe usersto
changetheirshoweringpabits the dischargeeductiorstill compensatethis changan
behavioucontributing savewater




RESS

|| - Analysisfeachshowerheaskparately

showerheatharacteristics

Round I]blunq Round Round Round Round Round Rectﬂnqle Curved Round
rer:tﬁnqle

Height (mm)

Height incl.
handle (mm)

% | o7 | e | 1%

---
Regulated flow
rate @ 2 bar 8.7 } 79 129 5.1
pressure (L/m)
Number of

1 4
functions

m e B . .... I:I + ‘- 1: I




RESS

ManAWhitney testrevealshat

-the duratiorand waterconsumptiofor malesand femalesare statisticallgistinctfor
showerheads4, 6, 9and1Q

- nostatisticallgistinctvateiconsumptiomasfoundorshowerheads 3, 5, 7 ands.




RESS

Showerhead

Variable

Duration (min)

Water consumption (l)

Total N

56

26

Mann-Whitney U

142.000

142.000

Test Statistic

142.000

142.000

Standard Error

56.811

96.811

Standardized Test Statistic

-3.520

-3.520

Asymptotic Sig.(2-sided test)

0.000

0.000

Total N

78

78

Mann-Whitney U

792.500

792.500

Test Statistic

792.500

792.500

Standard Error

99.576

99.576

Standardized Test Statistic

0.326

0.326

Asymptotic Sig.(2-sided test)

0.744

0.744

Total N

55

55

Mann-Whitney U

297.000

297.000

Test Statistic

297.000

297.000

Standard Error

58.693

58.693

Standardized Test Statistic

-1.363

-1.363

Asymptotic Sig.(2-sided test)

0.173

0.173

Total N

63

63

Mann-Whitney U

207.000

207.000

Test Statistic

207.000

207.000

Standard Error

72.226

72.226

Standardized Test Statistic

-3.987

-3.987

Asymptotic Sig.(2-sided test)

0.000

0.000

Total N

71

71

Mann-Whitney U

476.000

476.000

Test Statistic

476.000

476.000

Standard Error

83.846

83.846

Standardized Test Statistic

-1.407

-1.407

Asymptotic Sig.(2-sided test)

0.159

0.159




RESS

Showerhead

Variable

Duration (min)

Water consumption (l)

Total N

49

49

Mann-Whitney U

143.500

143.500

Wilcoxon W

468.500

468.500

Test Statistic

143.500

143.500

Standard Error

49.488

49.488

Standardized Test Statistic

-3.162

-3.162

Asymptotic Sig.(2-sided test)

0.002

0.002

Total N

48

48

Mann-Whitney U

223.500

217.500

Test Statistic

223.500

217.500

Standard Error

47.919

48.101

Standardized Test Statistic

-1.304

-1.424

Asymptotic Sig.(2-sided test)

0.192

0.154

Total N

72

72

Mann-Whitney U

577.500

577.500

Test Statistic

577.500

577.500

Standard Error

88.102

88.102

Standardized Test Statistic

-0.778

-0.778

Asymptotic Sig.(2-sided test)

0.437

0.437

Total N

57

57

Mann-Whitney U

52.500

52.500

Test Statistic

52.500

52.500

Standard Error

60.777

60.777

Standardized Test Statistic

-5.570

-5.570

Asymptotic Sig.(2-sided test)

0.000

0.000

Total N

72

72

Mann-Whitney U

379.000

379.000

Test Statistic

379.000

379.000

Standard Error

83.128

83.128

Standardized Test Statistic

-2.370

-2.370

Asymptotic Sig.

0.018

0.018




RESS

Discussion

Duratio®& Wateconsumption
-the differencefound betweenwater consumptiofior malesand femalesin some
showerheadsighindicat¢hatthesewvateefficientieviceslonotprovideofemalaiserg
an equivalentevel of comfortas to male users,probablycausinga changeon their
showeringabits




Conclusion

Thispapelwusesstatisticahethodsoinvestigattheindividuddehaviousftheusersvhen
usingdifferenshowerheads

Watesavingarepossibleisingvaterefficienshowerheadsrthelargemajoritpfusers
sincethe eventuaturatioradjustmenfrombehaviourathangemay affectbut do not
hindethepotentiadavinggompletely

Thereseemdo bedistincbehaviourommalesandfemaleso thedifferenshowerheads,
particularhyherthedischarges highorlow




