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A st a t 
This epo t sho s the esults of a g oup p oje t a ied out  Co u it  Wate  a d Sa itaio  MS  
stude ts at C a ield U i e sit : a  a al sis of household su e  data olle ted th ough the 
Co u it  Wate  Plus p oje t i  I dia. Fo  the data a al sis, su e s f o   ase studies ea h 
o p isi g th ee est p a i e  illages a d o e o t ol  illage  e e a aila le. Follo i g data 
alidaio  a d e ii aio , su e s f o  se e  ase studies e e dee ed of suita le ualit  to o du t 

fu the  a al sis. To allo  o pa iso s of se i e le els, a o posite i di ato  as eated to agg egate 
i e i di idual pa a ete s of ate  se i e. Usi g the geo et i  ea  ith th esholds as fou d to 

e the ost suita le ethod of agg egaio .  h potheses of o elaio  e e tested, a d  fou d 
to e sig ii a t. So e of the ai  i di gs a e that o u al ealth is o e of the ost i po ta t 
fa to s afe i g se i e le els i  a illage, a d that household o e io s a e the o l  te h olog  

hi h a  p o ide a high le el of se i e. This suppo ts the u e t d i e a oss the WaSH se to  to 
o e to a ds household o e io s – illust ated  the p oposed i lusio  of a  i di ato  of 

p o idi g a asi  d i ki g ate  sou e hi h is lo ated o  p e ises  i  Sustai a le De elop e t 
Goal . .  
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I Goal 
The Co u it  Wate  Plus CW+  p oje t is a th ee ea  esea h i esigaio  i iiated i  Ap il  to 
gai  o e i sights o  the t pe, e te t a d st le of suppo i g e te al e iies the plus  fo  
sustai a le Co u it  Ma age e t CM  p og a es as ell as the esou es i pli aio s of this 
plus  S its et al., .d. . C a ield U i e sit  is p o idi g o e all p oje t oo di aio . 

The p oje t o du ts a  i -depth stud  of  idel  lai ed o u it - a aged u al ate  suppl  
su ess sto ies a oss I dia, looki g at thei  deg ee of su ess i  espe t to the ate  suppl  se i e 
le els, the le el of o u it  a age e t, a d the pe fo a e of the se i e p o ide  a d 
ide if i g e a li g e i o e t fa to s fo  su essful CM. The o e all o je i e is to get ete  
e ide e of hat a su essful suppo t p og a e looks like a d hat it osts.1 

As pa t of the data olle io  p o ess, household su e s ha e ee  o du ted i  fou  illages fo  ea h 
stud . These su e s a e p i a il  desig ed to alidate hethe  o  ot the illage i  uesio  is t ul  

est p a i e  ut also olle t data o  u e ous so io-e o o i  fa to s, pote ial e pla ato  
a ia les.  

The ai  of this g oup p oje t as to i te ogate the data to u de sta d hat le el of a al sis ould 
ea i gfull  e o du ted, a d esta lish so e i te i  i di gs. Fu the o e, the lesso s lea t 

th ough a i g out this o k ha e i fo ed the o pilaio  of a guide o  Best P a i e fo  
Household Su e s . 

II Co eptual f a e o k 

II.  Co u it  Ma age e t fo  u al ate  suppl  

Co u it  Ma age e t CM  is the p e-e i e t odel fo  a agi g u al ate  supplies i  a  
lo -i o e ou t ies, i ludi g a oss la ge pa ts of I dia Ha e  & ‘eed, . Co u it  
pa i ipaio  i  ate  supplies e e ged i  the late s as a espo se to the failu e of go e e ts 
to p o ide lea  ate  to thei  popula e, a d ele ted a desi e to e su e that o u iies e e full  
i ol ed i  all aspe ts of de elop e t a  Wijk-Sij es a, . 

Du i g the I te aio al D i ki g Wate  a d Sa itaio  De ade the s  CM ega  to e applied 
s ste ai all , ith the de elop e t of Village Le el Ope aio  a d Mai te a e  Ca te  et al., 

. This as see  as a a  of d a ai all  i easi g a ess to lea  ate , i  hat as thought to 
e a ost efe i e a  M Co o  et al., . Fu the  ei e e ts du i g the s sa  the 

i lue e of eo-li e alis  ith the adopio  of the de a d espo si e app oa h . Co u iies e e 
e pe ted to e p ess de a d efo e se i es e e i ple e ted, ote  though o t i ui g a sha e of 
the apital osts ‘out, . 

Ho e e , despite the su ess of CM i  suppo i g the apid e pa sio  of ate  se i es to u al 
o u iies, the e is a g o i g o se sus that the app oa h is ea hi g the li its of appli a ilit  
Mo ia t  et al., . Pa i ula l  as o u iies de a d ete  se i e le els hi h, this epo t 

                                                           
1 Further information on the CW+ project can be found at 

http://www.waterservicesthatlast.org/countries/india_community_water_plus_project/community_water_pl

us 

http://www.waterservicesthatlast.org/countries/india_community_water_plus_project/community_water_plus
http://www.waterservicesthatlast.org/countries/india_community_water_plus_project/community_water_plus
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ill de o st ate, ust ea  piped ate  supplies  the apa it  of o u iies to a age a d 
i a e thei  o  se i es is u e tai . 

The e is a g o i g o se sus that to e su e sustai a ilit  of o u it  a aged ate  supplies, 
o u iies eed o -goi g suppo t f o  go e e ts a d othe  e te al a to s Mo ia t  et al., 

. The CW+ p oje t ai s to ide if  a d ua if  the atu e a d esou e i pli aio s of this 
suppo t fo  the i st i e. 

II.  The se i e le el app oa h 

 The ge e al app oa h 

The e is a desi e a oss the WaSH se to  to atego ise the ualit  of ate  supplies people a ess, 
oth to e aluate the efe i e ess of p og a es a d to allo  fo  o ito i g agai st aio al a d 

i te aio al ta gets. The ost idesp ead atego isaio  is that used  the Joi t Mo ito i g 
P og a e JMP  to o ito  p og ess agai st the Mille iu  De elop e t Goals MDGs : that is to 
lassif  d i ki g ate  sou es as i p o ed e.g. piped supplies, p ote ted o eholes  o  u i p o ed 
e.g. su fa e ate , u p ote ted dug ell  JMP, . 

This app oa h p o ides li ited g a ula it , a d does t allo  poli  ake s to dife e iate et ee  
pote iall  dife i g le els of se i e f o  the sa e t pe of sou e. Fu the o e, the e phasis o  
te h olog  a  lead to a fo us o  uildi g e  i f ast u tu e athe  tha  e su i g people e ei e the 
pla ed le el of se i e Mo ia t  et al., . A  ot- uoted i di ato  of this is that a oss Su -
Saha a  Af i a % of ha dpu ps a e o -fu io al ‘WSN,  - deli e i g a lo  le el of se i e 

hi h ould o etheless e lassiied as i p o ed   the JMP dei iio .  

 a ks the e d of the MDGs a d the sta t of the Sustai a le De elop e t Goals SDGs . Although 
the MDG ta get to Hal e,  , the p opo io  of the populaio  ithout sustai a le a ess to safe 
d i ki g ate  as et i   JMP, ,  illio  people glo all  sill la k a ess to a  
i p o ed ate  sou e. Whe  oupled ith the fa t that a ess to a  i p o ed sou e a  ot esult 
i  a  a epta le se i e le el, it is lea  that the e is a eed to o e to oth o e halle gi g ta gets 

hi h the SDGs a e  a d a o e ua ed fo  of o ito i g if the hu a  ight to ate  is to e 
ealised.  

The ai  of the se i e le el app oa h is to o e a a  f o  assessi g a ess to ate  a d fo us o  the 
a tual se i e people e ei e. O e e sio  of easu i g se i e le els has ate  suppl  ei g s o ed 
o  dife e t ite ia, su h as ua it , ualit , a essi ilit  o  elia ilit  Mo ia t  et al., . Ea h 

ite ia is s o ed o  a  o di al s ale a gi g f o  o se i e  to high . The o igi al idea applies a 
o i al logi  to dete i e the o e all se i e le el fo  a pe so  o  household. This o e all se i e le el 

is set  the lo est si gle i di ato . This app oa h ea s that fo  e a ple so eo e a essi g a high 
ua it  of ate  of good ualit  sill o l  has su -sta da d se i e if he has to spe d o e tha   
i utes a da  to olle t this ate . Ta le  sho s the p oposed se i e le els a d i di ato s f o  the 

WASHCost p oje t Mo ia t  et al., . A se i e le el of asi  o  highe  aps to the JMP dei iio  
of a  i p o ed  sou e, hile a se i e le el of o se i e  o  su -sta da d  aps to u i p o ed  
a d should e o side ed u a epta le. 
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Ta le  - Se i e Le els Mo ia t  et al.,  

 

Although so e of the i st efe e es to a se i e le el app oa h e e ad a ed  Llo d a d Ba ta  
i  the ea l  s Llo d & Ba t a , , it has ot ee  o siste tl  adopted a oss the se to  fo  
la ge s ale i ple e taio . I  pa t this is due to the i he e t dii ulies of olle i g data e ui ed i  
u al a eas of lo  i o e ou t ies - issues hi h a e e plo ed th oughout this epo t. Although the 

SDGs do ot follo  the se i e le el app oa h, the dei iio  Ta le  is ade up of se e al fa to s, 
hi h ust e assessed i di iduall  to u de sta d the se i e e ei ed.  

Ta le  - Dei iio  of SDG Ta get .  JMP,  

 

 The sele ted se i e le els i  the CW+ p oje t 
The se i e le els a o di g to I dia s No s fo  p o idi g d i ki g ate  i  u al a eas a e as follo s 
Mi ist  fo  D i ki g Wate  & Sa itaio , : 

● Goal for :  lit es pe  apita pe  da  lp d  ithi  household p e ises o  ithi   
et es adius f o  household o   i utes of i e take  fo  fet hi g ate  i  a da  

● Goal for :  lp d ithi  household p e ises o  at a ho izo tal o  e i al dista e of ot 
o e tha   et es f o  household 

Ho e e , those sta da ds a e polii al ta gets, highl  a iious a d la gel  fo used o  household 
o e io s. The sele ted asi  se i e le el fo  the CW+ p oje t e e ased o  the a aila le 

sta da ds p o ided  I dia  poli  at the egi i g of the p oje t i  , as follo s: 

●  lp d of safe d i ki g ate  fo  hu a  ei gs ithi  household p e ises o  ithi  ,  
et es i  the plai s a d  et es ele aio  i  hill  a eas f o  household, to eet do esi  

e ui e e ts 
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Whilst the o  of  lp d as app op iate fo  this esea h, it is ital that he  desig i g se i e 
le els, efe e e is al a s ade to the app op iate aio al o  i te aio al o s. This a  li it the 
o pa a ilit  of data take  i  dife e t a eas, o  a oss lo ge  i e-spa s. 

II.  The ole of households su e s 

Household su e s a e a f e ue tl  used a oss the WaSH se to  to assess a ess to ate  JMP,  
a d o ito  p og a e su ess. The  p o ide a  i alua le sou e of i fo aio  hi h a  e used 
o  a lo al le el, o  agg egated to p o ide aio al a d i te aio al o pa iso s Klei au & P le, 

. I  the o te t of assessi g ate  se i e le els, the  sta d out as the o l  tool hi h allo s 
esea he s to u de sta d hat se i e households e ei e, as opposed to hat is pla ed  

p o ide s o  lo al autho iies. Despite this, household su e s do ha e li itaio s: households a e 
u likel  to ha e a  u de sta di g o  k o ledge of the te h i al details of ate  supplies hi h a e 
esse ial to u de sta di g the se i e p o ided. Fu the o e, the elia ilit  of data f o  household 
su e s is ote  uesio a le. These li itaio s a e e plo ed i  the guida e a o pa i g this epo t. 

I  elaio  to the CW+ p oje t household su e s a e used to assess o e all se i e le els p o ided to 
i di idual households. Full details of the household su e  p o ess a e p o ided late  i  this epo t. 
Alte ai e esea h tools a e used to assess othe  aspe ts of se i e p o isio , su h as the 
efe i e ess of Co u it  Se i e P o ide s. As this p oje t as li ited i  s ope to a al si g o l  
data f o  household su e s, a  o lusio  d a  a e i  the sel es li ited. Without the o te t 
p o ided  esea h o  the se i e p o ide s a d the oade  e a li g e i o e t, the i di g i  
this epo t a e o l  i di ai e.  
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III Methodolog  

III.  P ese taio  of the dataset 
I  the f a e o k of the CW+ p oje t, the dataset as esta lished i ol i g a th ee-ie ed sele io  
p o ess: 

- st la er: sele t p og a es a oss I dia that deli e  est p a i e CM a oss a ious so ial, 
te h i al a d geog aphi al spe t u s, follo i g a st aiied pu posi e sa pli g app oa h. 
Su essful CM p og a es e e ide iied f o  a ade i  a d g e  lite atu e as ell as 
th ough the se to  k o ledge of the o so iu  pa t e s, the aio al a d state go e e ts 
a d th ough the CW+ p oje t s i il so iet  et o k. 

- d la er: ide if  illages to stud  ithi  these p og a es ased o  lo ai g ii al ases 
that ele t CW+ p oje t s u de sta di g of CM ithi  the gi e  p og a es, follo i g a 
s ste ai  pu posi e app oa h. This i ludes th ee a e age est p a i e  illages he e 
p og a es lead to su ess i  illages that do ot ha e e epio al i u sta es a d o e 
o t ol illage pe  p og a e, usuall  lose-  to the p i a  dist i t of ield o k, hi h is 
ot pa t of that p og a e ut sha es a set of o se ed o a iates e.g., te h olog , so ial, 

de og aphi , geog aphi , a d othe  o u it  ha a te isi s  ith the othe  ases. 
- d la er: sele t households ithi  the illages usi g a s ste ai  app oa h to sa pli g a d 

o e i g the e i e geog aphi al a d so io-e o o i  sp ead of the illage. 
To e su e that the CW+ p oje t s esea h uesio s ould e a s e ed hile o side i g the 
esou es a aila le to ea h esea h pa t e ,  ase studies e e sele ted ith ea h of the  
o tai i g fou  illages he e  su e s e e o du ted i  ea h illage. 

The  ase studies o pleted to date, esuli g i  ,  household su e s to a al se i  this stud , 
a e sho  i  Ta le . 

Ta le  - Case studies i  CW+ 

 Na e of the 
ase stud  

State Distri t Best pra i es illages + Co trol illage Resear h 
tea  

 Ta il Nadu - 
Dha apu i 

Ta il 
Nadu 

Dha apu i ‘a ia ahalli/Vagu appa pai/ 
Thoppa pat + Ma uthipat 

CEC 

 Jaipu  ‘ajastha  Jaipu  Vidha i/Bhate /Ba otha ala + Sh i 
K isha pu a 

MNIT 

 Pu ja  Pu ja  Mohali Si ghpu a/Shahpu /Dau aj a + Ghatau  MNIT 

 Jha kha d Jha kha
d 

‘a hi Be o/Khij i/‘ai Baza  + B a e XISS 

 Guja at - 
Ga dhi aga  

Guja at Gha di aga  Moipu a eda/A a pu a Khe a/Sa dha  + 
P a i a 

ASCI 

 Guja at - Kut h Guja at Kut h Bha asa /Shi a /Ka akpa  + Ja a a dh 
Badhu a d 

ASCI 

 Odisha Odisha Ga ja /Ba ga h/ 
Jha suguda/Deogha  

Ka a o a/La upali/Lakha pu  + Ti k i  XISS 

 Ta il Nadu - 
E ode 

Ta il 
Nadu 

E ode Kathi a pai/Na ja apu a /Ma al edu 
+ Va a katu Valasu 

CEC 

 Ka ataka Ka ataka Belgau  Hi e a di/Iddalho da/Shi aguppi + Halaga CEC 

 West Be gal West 
Be gal 

South  Pa ga as Majhe  Pa a/Pa oipu /  No. Ghe i + 
Ka ha tala 

I‘C 

 

This stud  a k o ledges that the  ase studies o pleted to date ep ese t a su set of the data. 
Thus, all o lusio s d a  f o  the data a aila le at the o e t a e assu pio s that ill eed to 
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e o i ed i  fu the  a al sis, o e the hole dataset is a aila le. Mu h of the a al sis has ee  
o du ted i  a a  hi h should ake a al sis of addiio al data t i ial. 

III.  Pa a ete s to assess se i e le els 

 Sele io  of i di idual pa a ete s 

I  li e ith the se i e le el app oa h, a d ith efe e e to I dia  Naio al Guideli es fo  d i ki g 
ate  efe e ed a o e, the CW+ p oje t uses the si  se i e le el pa a ete s sho  i  Ta le . Of 

these, o e is ot o tai ed f o  household su e s ate  ualit : tesi g . 

Ta le  - Se i e le els fo  CW+ p oje t S its et al., .d.  

 

Othe  tha  ' ate  ualit : pe epio ' a d ' o i uit ', ea h of the pa a ete s is al ulated f o  
uliple uesio s i  the household su e . Fo  i sta e, aski g ho  a  lit es pe  apita pe  da  of 
ate  a household uses is oth a o ple  uesio  a d u likel  to p o ide a u ate data. The 

al ulaio  of ea h pa a ete  is as follo s: 

Qua it  

Qua it  of ate  is al ulated i  t o dife e t a s fo  i di idual household o e io s a d 
o u al suppl . I  the ase of households o e ted to piped ate  suppl , ua it  is dete i ed 

f o  the size of household sto age, the i e it takes to ill this sto age, a d the total i e that ate  
is a aila le pe  da . I  the ase of households ith o i uous -hou  suppl , household sto age as 
dee ed i ele a t a d a high se i e le el fo  ua it  as assig ed.  

Fo  households ith o u al suppl , e.g. sta dposts o  o u al ells, the total ua it  is the 
u e  of pots fet hed pe  da  uliplied ith the size of the pot. The o e all ua it  is the  di ided 

 the total size of the household to o tai  the ua it  i  lit es pe  apita pe  da  lp d . 

A essi ilit  

The i di ato  fo  a essi ilit  is ased o  the u ulai e i e spe t pe  da   the fa il  o  fet hi g 
ate , i  i utes. Household o e io s a e lassiied as ha i g a high se i e le el, as the ate  is 

a essi le at the house. Fo  o u al supplies, i e spe t pe  da  is the p odu t of the i e take  
pe  t ip a d the t ips pe  da  eeded to fet h ate . 
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Qualit  

I  this stud , the i di ato  fo  ualit  is ased o  the pe ei ed ate  ualit   the i te ie ee. The 
espo se good  o espo ds to a high se i e le el, a epta le  to a asi  se i e le el, hile the 
espo se ad  gi es a su -sta da d se i e le el.  

Although pe ei ed ate  ualit  is e  i po ta t fo  the a epta e of ate  suppl  s he es ‘ojas, 
, o lite atu e sho i g that it is a good p o  fo  he i al o  i o iologi al ate  ualit  ould 

e fou d. Wate  ualit  tesi g ould e e essa  to a tuall  dete i e ate  ualit  a d health 
isks a isi g f o  o ta i aio . 

Co i uit  

The i di ato  fo  o i uit  is o l  al ulated fo  piped ate  supplies a d is ased o  the a ou t of 
i e i  hi h ate  is a aila le pe  da .  

Relia ilit  

Fo  piped supplies, the i di ato  is ased o  the espo se i e fo  epai s a d the egula it  of suppl . 
Fo  ha dpu ps, the i di ato  elies o  oth epai  espo se i e fo  epai s a d total do i e i  
the last ea . So e espo de ts did ot p o ide i fo aio  o  the espo se i e fo  epai s, e ause 
the ate  sou e did t ha e a  eakdo s i  the p e ious  o ths. I  these ases, a high se i e 
le el fo  elia ilit  as assig ed. 

  C eaio  of a o posite i di ato  

I  o de  to fa ilitate ea i gful a al sis of se i e le els, it is desi a le to eate a si gle o e all 
se i e le el  hi h aptu es the le el of se i e e ei ed  a household. Agg egai g uliple 
i di ato s is o -t i ial a d sele io  of the ethod used to o i e i di ato s a  ha e a sig ii a t 
i pa t o  the se i e le els epo ted. Whe  ot desig ed a d e plai ed a efull , o posite 
i di ato s a  e u i telligi le to poli  ake s a d pote iall  p o ide a isleadi g pi tu e of the 
data the  a e ate pi g to s thesise Na do et al., . 

I  sele i g a ethod the e is a eed to st ike a ala e et ee  sophisi aio , ease of appli a ilit  
 p a iio e s a d ease of u de sta di g  poli  ake s. The efo e hea il  athe ai al ethods 

su h as the a ious uli a iate a al ses e e ot o side ed. Se e al odels e e tested, the 
su a  esults of hi h a  e see  i  Figu e . 

The WaSHCost p oje t used a fo  of o i al logi  he e the [o e all] le el of se i e a essed  a 
pe so  is set  the le el of the lo est i di idual i di ato  Mo ia t  et al., . This ethod has 
the ad a tage of ei g i tuii e a d eas  to u de sta d. It also akes e pli it the assu pio  that all 
pa a ete s of se i e deli e  a e e uall  i po ta t to the o e all se i e le el. Ho e e , this 
agg egaio  does ot gi e a o posite pi tu e of se i e le el, as o l  a ha ge i  the lo est se i e 
le el pa a ete  is ele ted i  the o e all s o e S a ee & T agi, . This ethod is sho  i  Figu e 

 as No i al . 

The i st le el of sophisi aio  is to al ulate o e all se i e le els usi g the a ith ei  ea  of 
i di idual pa a ete s. This as do e  assig i g a s o e -  fo  ea h se i e le el o se i e to 
high  a d a e agi g these s o es. The a e age as ou ded do  to the ea est i tege , a d assig ed 
to the ele a t se i e le el. ‘ou di g do  is p efe ed o e  o e io al ou di g as it gi es a  
i he e tl  o se ai e o e all esult. Usi g the a ith ei  ea , a household a hie i g o l  a asi  
le el of se i e i  o e pa a ete  a  sill e lassiied as high o e all i  so e s e a ios, hi h is a  
u desi a le esult. 
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Figu e  - Co posite I di ato s fo  CW+ Data 

Co side aio  as gi e  to eighi g i di idual pa a ete s to ele t thei  elai e i po ta e. 
I tuii el  it appea s o ious that pa a ete s su h as ua it  a d ualit  of ate  a  ha e a igge  
i pa t o  e d use s i  te s of health out o es. A e ie  of ele a t lite atu e failed to p o ide a 
o ust asis fo  assig i g eighi gs - the li ited lite atu e a aila le is t pi all  o te t spe ii , 

li ii g ge e al appli a ilit . A o e io al app oa h to assig i g eighi gs i  the a se e of 
lite atu e is to o sult ith e pe ts  Boo se , . Ho e e , this is a elai el  su je i e ethod 
of assig i g eights, a d a  lead to a disto io  of the i al o posite i di ato  if o e pa a ete  is 
hea il  eighted. Mu da & Na do  sho ed that i  a li ea  agg egaio , eights ha e the 

athe ai al ea i g of t ade-of aios that is, the e te t to hi h a high s o e i  o e i di ato  a  
o pe sate fo  a lo  s o e i  a othe ; ot the i po ta e oei ie ts  ai i g to ele t the e eit 

of i di idual i di ato s to e d use s  the  a e ote  t eated as i  o posite i di ato s. 

Full o pe sa ilit  et ee  pa a ete s is a fu the  d a a k of the a ith ei  ea , e.g. high 
elia ilit  a  o pe sate fo  a lo  ua it  of ate  olle ted. This is u desi a le if all i di idual 

pa a ete s a e e uall  legii ate Ga iga & Foguet, . A  app oa h usi g o i al logi  ould 
e tail full o - o pe sa ilit . Co pe sa ilit  has the efe t of allo i g uiliies hi h pe fo  poo l  
i  a si gle pa a ete  to o etheless a hie e a high o e all se i e le el. This is illust ated i  Figu e  

A ith ei  he e ea l  % of households a e etu ed ith a high o  i p o ed o e all se i e 
le el. 

Whe e pa ial o - o pe sa ilit  is desi ed, the geo et i  ea  E uaio   a  e a  app op iate 
agg egaio  ethod Ga iga & Foguet, ; Na do et al., ; S a ee & T agi, . It has ee  
sho  to e efe i e i  agg egai g easu es of ate  ualit  La d eh  a d Dei i ge , , ited 
i  S a ee & T agi, . It has the e eits of ei g elai el  si ple to u de sta d a d i ple e t 

hilst ge e ai g esults hi h a e i tuii e a d p edi ta le. I  addiio , ith geo et i  agg egaio  
a  i p o e e t i  pa a ete s ith a lo  s o e ill ha e a g eate  i pa t o  the o e all s o e tha  
i p o e e t i  pa a ete s ith a high s o e. This p o ides a  i e i e to poli  ake s a d se i e 
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p o ide s to add ess those pa a ete s of se i e le el hi h a e eakest, efo e those hi h a e 
o pa ai el  st o g Mu da & Na do, . 

 �� ����� ��� = √�  �  ⋯ ���
  

O e all se i e le els al ulated  the geo et i  ea  a e sho  i  Figu e  Geo et i . Whilst 
li ii g the i pa t of o pe sa ilit  a d e lipsi g he e the o posite i di ato  is i se sii e to a 
si gle a ia le , it is appa e t that the odel o e esi ates o e all se i e le els at the lo e  e d of 
the s ale. Despite  households s o i g o se i e i  at least o e pa a ete  a d  s o i g su -
sta da d, the o e all i di ato  o tai s o l   households s o ed as su -sta da d. 

To a oid this u desi a le efe t, the geo et i  ea  as o i ed ith a ious th esholds. I  
Geo et i  + th esholds  these a e: if a  si gle pa a ete  is o se i e o  su -sta da d, the o e all 

i di ato  a ot e eed this. This e hoes the o i al logi  e plo ed  the WaSHCost p oje t, a d 
e su es that households he e se i e is u a epta le fo  a  si gle pa a ete  a ot e gi e  a  
o e all se i e le el hi h is a epta le. This ea s that a household ith a  o e all se i e le el of 

asi  o  a o e a  e assu ed to ha e a ess to ate  that eets o  e eeds the JMP dei iio  of 
i p o ed, a d ele a t aio al sta da ds. 

Usi g this e ised ethod has the efe t of i easi g the u e  of households e ei i g a  i p o ed 
se i e, a d edu i g the u e  e ei i g a asi  se i e o pa ed to usi g o i al logi . This 
esults i  a elai el  s all u e  of households %  ith asi  o e all se i e. This appea s s all, 
ut a al sis of a la ge  dataset f o  the WaSHCost p oje t2 sho s % of households etu ed a asi  

se i e - o l  a % edu io  o pa ed to o i al logi . All i di ato s des i ed a o e a e sho  fo  
this la ge  dataset i  Figu e . This suggests that the e is o i he e t ias i  the agg egaio  ethod 
a d the esults a e suppo ted  the u de l i g data. 

I  all a al ses a ied out fo  this stud , the ethod Geo et i  + th esholds  is used to eate a 
o posite i di ato . I  o de  to allo  i te - illage o pa iso s, the o e all se i e le els e e 
atego ised as a epta le asi , i p o ed a d high  o  u a epta le su -sta da d a d o se i e . 

This dei iio  efe s a k to the o ai e sta da ds set out i  the aio al guideli es. This allo s 
the esults to e p ese ted as a si gle igu e fo  ea h illage - i.e. X% of households a ess a  
a epta le ate  suppl . This p o ides a epo i g easu e hi h is si ila  to that used  the JMP, 

ut ith highe  sta da ds, a d a o e sophisi ated u de l i g u de sta di g of the a tual se i e 
p o ided. 

                                                           
2 The WaSHCost data is a sample of 5232 households across Andhra Pradesh, with no distinction between 

o t ol  o  est p a ti e  illages. Mo e i fo ation on this project can be found at 

http://www.ircwash.org/washcost  

http://www.ircwash.org/washcost
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Figu e  - Co posite i di ato s fo  WaSHCost data 

This ethod of agg egaio  is app op iate fo  this dataset a d a  e o e idel  appli a le ithi  
the WaSH se to , ut ea h i ple e taio  eeds to e o te t-a a e. Fo  e a ple, the T iple-S 
p oje t i  Gha a Ada k et al.,  used a  o e all i di ato  hi h ou ted the u e  of se i e 
le el i di ato s hi h et the e h a k. S o i g asi  o  highe  o  ea h pa a ete  o espo ds to 
a asi  se i e le el, hile faili g o e o  o e led to a i g le els of su -sta da d se i e. This is 
sho  fo  CW+ i  Figu e . 

 

Figu e  – T iple-S i di ato  fo  CW+ data 

This p o ides g eate  g a ula it  at the u a epta le se i e le el, at the e pe se of i sight i to 
a iaio s pe fo a e of a epta le se i es. I  the o te t of CW+ - he e the e a e a  ell-

fu io i g s ste s deli e i g a good se i e - this o p o ise ould ot e app op iate. The autho s 
i depe de tl  a e to a si ila  a al sis of odes of failu e he  o e tha  o e pa a ete  is 
u a epta le, hi h a e dis ussed i  hapte  IV. . . 

III.  Data Qualit  

All data as s ste ai all  e ie ed to e su e that it as of sui ie t ualit  to e used fo  a al sis. 
This ualit  he k assessed the o plete ess, edi ilit  a d fo ai g of the su ited data. 
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Co plete ess 

The follo i g steps e e take : 

● La gel  i o plete data sets e e e luded. 
● So e data as etu ed to the ield o ke s to o plete so e ii al issi g data eeded 

fo  the a al sis. Although this as ot possi le ithi  the i es ales of this p oje t, it is 
i po ta t fo  the ide  CW+ p oje t. 

● Supe luous data, ot eeded i  al ulaio  fo  e tai  ate  sou es, as deleted. 
● Whe e e o ds e e la gel  o plete ut la ked the data eeded to al ulate all se i e le els, 

the follo i g logi  as used: if o se i e le el as etu ed fo  ua it  as this as dee ed 
to e a  esse ial pa a ete  o  o e tha  t o othe  pa a ete s, o o e all se i e le el as 
assig ed. 

Credi ilit  

Data hi h as lea l  i o e tl  e te ed a d he e the o e t a s e  as appa e t, e.g. u e  
of pots less tha  u e  of t ips, as o e ted. Whe  assu pio s e e ade, o e ts e e 
added to spe if  ho  the data as i te p eted. These o e io s e e se t a k to the esea h 
tea s as feed a k. 

For ai g 

I  se e al ases esea h tea s had ade alte aio s to the fo at of the su e  o ksheets. These 
e e o e ted to e su e all su e  data as i  the sa e fo at efo e a al sis. 

As a esult of the o k o  data ualit , the ase studies e e atego ised as follo s: 

● Kut h-Guja at #  a d Ta il Nadu - E ode # : high ualit  data, eedi g o l  i i al 
lea i g, fo ai g a d assu pio s efo e a al sis; 

● Ta il Nadu - Dha apu i # , Ga dhi aga -Guja at # , Odisha #  a d West Be gal # : 
uite o plete a d usa le data fo  a al sis. So e data as e te ed i o e tl  ut ight 

a s e s e e uite appa e t. So e assu pio s e e e ui ed, the efo e the data had to 
etu  to the ield esea he s fo  la ii aio ; 

● Ka ataka # : th ee ha itaio s o tai  uite good a d o plete data he eas the 
e ai i g ha itaio  as issi g i po ta t data a d ould ot e i luded fo  a al sis. 

● Jaipu  # , Pu ja  #  a d Jha kha d # : sig ii a t a ou ts of data e e issi g e ui i g 
fu the  i put f o  the ield esea he s efo e the data ould e used fo  a al sis. Cu e tl  
too poo  to use fo  a al sis. 

III.  Ide if i g o elaio s et ee  a ia les 

A lite atu e e ie  as a ied out to ide if  elaio ship h potheses elated to ate  se i es hi h 
ould e tested usi g data f o  the su e . Both a ade i  jou al pape s a d g e  lite atu e  e e 
e ie ed to i lude as a  e pe ie es f o  the u al ate  se to  as possi le. E e  elaio ship 

fou d i  the lite atu e as s ste ai all  i se ted i  a at i  fo  a s he ai  of the at i , see Figu e 
. The at i  is a dou le e t  ta le hi h li ks all a ia les f o  the su e . 

The e ie  fo used o  assessi g the elaio ship et ee  aspe ts of ate  se i e le els a d 
i lue i g fa to s. Although the data pote iall  p o ides the oppo tu it  to test li ks et ee  so io-
e o o i  fa to s su h as edu aio  a d i o e  this is ot i po ta t i  the o te t of the CW+ 
p oje t. To o plete the elaio ship at i , a s ste ai  e ie  of e e  possi le li k as a ied out 



12 

 the g oup to assess hethe  it should e tested. This esulted i  a total of  h potheses ei g 
ide iied. The full at i  is a aila le as A e  . 

 

Figu e  - S he ai  of h potheses at i  

III.  Staisi al tests used 

Data f o  the su e  o es i  th ee dife e t data t pes hi h eed to e a al sed dife e tl :  

 No i al data, su h as eligio , fo s disi t atego ies ut a ot e o de ed i  a ea i gful 
a .  

 O di al data, su h as se i e le el, is also gi e  i  disi t atego ies, ut has a lea  o de . 
High  o espo ds to ete  se i e tha  i p o ed , like ise o se i e  de otes o se 

se i e tha  su -sta da d . The dife e es et ee  these atego ies ho e e  a e ot 
dei ed a d a ot e t eated as e ual.  

 I te al data, su h as household i o e, is easu ed o  a s ale ith e ual i te als. The 
dife e e et ee  IN‘  a d IN‘  is the sa e as et ee  IN‘  a d IN‘  
Vaus, . 

Ge e all , staisi al tests a e used to assess:  

. hethe  the e is a dife e e i  the ea  et ee  t o g oups of o e a ia le, su h as 
o pa i g i o e et ee  est p a i e a d o t ol illages 

. hethe  o e a ia le is depe de t o  o e o  o e othe  a ia les, fo  e a ple the 
o elaio  of total household i o e a d o e all se i e le el 

Fo  the i st uesio , t o tests a e ge e all  used. The i depe de t sa ple t-test is used if the 
a ia le is easu ed o  a  i te al s ale a d the data is o all  dist i uted. If data is ot o all  

dist i uted o  easu ed o  a  o di al s ale, the Ma -Whit e  U-test is used to dete i e dife e es 
of the edia  et ee  g oups Si ki , . 

To easu e the asso iaio  et ee  t o a ia les o  a o i al s ale, C a e s V is used. It is ased 
o  the hi-s ua e dist i uio  a d a ges f o   to , he e a alue of  ea s the e is o o elaio  
a d a alue of  des i es a pe fe t asso iaio  Field, . 

Fo  o di al a ia les, Ke dall s tau-  τ  is used fo  s ua e, Ke dall s tau-  τ  fo  e ta gula  
o i ge  ta les. Ke dall s tau is the p efe ed easu e e ause it e pli itl  adjusts fo  ies Field, 

; Si ki , . 

Asso iaio  et ee  t o i te al o  o e i te al a d o e o di al a ia le a  e easu ed  
o elaio  oei ie ts. The Spea a s o elaio  oei ie t r des i es the st e gth of a li ea  
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elaio ship et ee  t o a ia les. It is o e of the ost idel  used easu es of o elaio , ut 
highl  se sii e to outlie s a d does ot aptu e o -li ea  asso iaio s et ee  a ia les Vaus, 

. If i te al data o tai s outlie s o  the data is easu ed o  a  o di al s ale, Spea a s rho ρ  
is used. I  addiio  rho has the e eit of sho i g the st e gth of a  o oto i , ut ot e essa il  
li ea , asso iaio . Fo  the o elaio  of data o tai i g a high u e  of ied a ks, i.e. a lot of 
ide i al alues o  at least o e a ia le, Ke dall s tau is used i stead Field, . 

To test if the al ulated efe ts a e due to ha e o  sa pli g e o s, i fe e ial staisi s a e used. A 
p- alue is al ulated hi h des i es the p o a ilit  of o tai i g the esult if the ull h pothesis is 
t ue. The ull h pothesis is that the e is o elaio ship et ee  the a ia les o  o dife e e 

et ee  the g oups. A p- alue of less tha  .  is o side ed sig ii a t, hilst a alue of less tha  
.  is o side ed highl  sig ii a t Cooli a , . 

The a al sis as o du ted i  IBM SPSS , ate  data had ee  i po ted f o  the MS E el data ase. 
The a  data a d SPSS s ta  fo  the data i po t a d a al sis a e a aila le upo  e uest. 

The st e gth of o elaio s is lassiied a o di g to Ta le  a d is alid fo  posii e o  egai e 
oei ie ts. 

Ta le  - St e gth of asso iaio s Field,  

Correlaio  Coei ie t I terpretaio  

< .  Negligi le efe t 

. - .  S all efe t 

. - .  Mediu  efe t 

> .  La ge efe t 
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IV Results 

IV.   Des ipi e Staisi s 

 Wate  se i e le els 

A total of  households e e i luded i  the a al sis of the data, out of i a  households 
o igi all  su e ed.  

Ta le a to  sho  the se i e le els al ulated fo  ea h of the i e i di idual pa a ete s a d the 
o e all se i e le el, split fo  est p a i e a d o t ol illages. This o l  i ludes the p i a  ate  
sou e i  su e , fo  easo s dis ussed elo . Although est p a i e illages a e lea l  
dife e iated f o  o t ol i  te s of household e ei i g a  a epta le se i e % s % ,  % 
of est p a i e households e ei e a  u a epta le se i e. 

Ta le a - Se i e le els fo  e i e dataset 

Ta le  - Se i e le els fo  est p a i e illages 

Ser i e Le el Qua it  A essi ilit  Qualit  Co i uit  Relia ilit  O erall 
high % % % % % % 

i pro ed % % % % % % 

asi  % % % % % % 

su -sta dard % % % % % % 

o ser i e % % % % % % 

Ta le  - Se i e le els fo  o t ol illages 

Ser i e Le el Qua it  A essi ilit  Qualit  Co i uit  Relia ilit  O erall 
high % % % % % % 

i pro ed % % % % % % 

asi  % % % % % % 

su -sta dard % % % % % % 

o ser i e % % % % % % 

Best p a i e illages lea l  outpe fo  o t ol illages i  ea h pa a ete  ith the e epio  of 
o i uit  a d ualit . The la k of dife e iaio  i  ualit  se i e le els a  e due to the fa t that 

this easu e is o l  pe ei ed ualit , a d esults a  ot ele t a tual ate  ualit  easu es. 
Co i uit  is o l  applied to piped supplies a d the th eshold fo  asi  is elai el  lo  o l  o e hou  
of suppl  pe  da . It is likel  that he e the apital i a e is i  pla e to o st u t a piped ate  
s he e, ega dless of a  othe  suppo i g fa to s the s ste  is apa le of suppl i g ate  fo  at least 
so e i e e e  da . 

O e all, % of households e ei e a  u a epta le se i e. This o t asts st o gl  ith the esults of 
appl i g the JMP dei iio  of i p o ed/u i p o ed  to the dataset: o l  . % of households 

 e o ds  a ess a  u i p o ed sou e. The ost o o  failu e poi t is ua it  - % of 

Ser i e Le el Qua it  A essi ilit  Qualit  Co i uit  Relia ilit  O erall 
high % % % % % % 

i pro ed % % % % % % 

asi  % % % % % % 

su -sta dard % % % % % % 

o ser i e % % % % % % 
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households ith a  u a epta le se i e a ess less tha   lp d. This suggests that e e  he e 
households a ess a  i p o ed sou e, su h as a ha dpu p, the  a e u a le to olle t e ough ate  
to eet i i u  sta da ds. 

I  est p a i e illages, % of households e ei e at least  lp d of ate  a  i p o ed se i e 
le el . This aps app o i atel  to the I dia  o  fo  d i ki g ate  f o   o a ds hi h is 

 lp d. This suggests that he e su essful piped ate  supplies a e i ple e ted, the  e eed 
e isi g o s, a d p o ide sui ie tl  high se i e to eet futu e ta gets. 

A fu the  disagg egaio   ase stud , est p a i e/ o t ol a d su e / o  su e  is sho  i  
Figu e  elo , usi g the atego isaio  of a epta le o  u a epta le se i es. 

The ha t lea l  sho s that i  e e  ase stud  e ept Ka ataka a d West Be gal, est p a i e 
illages e ei e sig ii a tl  ete  se i es tha  o t ol illages, la gel  i di ai g the hoi e of 
illages fo  the stud . It should e oted that the o ept of est p a i e a  e elai e - the est 

p a i e illages i  Ta il Nadu Dha apu i  e ei e o se se i e tha  the o t ol illage i  Guja at 
Ga dhi aga . The West Be gal ase stud  is dis ussed i  o e detail elo . 

 

Figu e  - O e all se i e le els  ase stud  

Seaso alit  

I  all ases a  t o Ta il Nadu, E ode a d Odisha  the e is o dife e e et ee  the se i e le els 
i  su e  a d o -su e . I  Odisha this is a si gle household. I  Ta il Nadu, E ode, the dife e e 
is due to o i uit  fo  piped supplies ei g o se i  su e  tha  o -su e . This does ot afe t 
all households a d is la gel  i  a si gle illage Ma al edu . I  the a al sis hi h follo s, o l  data 
fo  su e  has ee  used as fo  the ajo it  of households the e is o dife e e. Whe e the e is a 
dife e e,  usi g su e  data o l  the a al sis is o se ai e i.e. it al a s etu s the lo est 
se i e le el . 
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Mai  sour e o l  

E ludi g West Be gal agai  as dis ussed elo  o l   households %  use a se o da  ate  
sou e. All  use a piped suppl  as the p i a  sou e, a d o ple e t this ith a  alte ai e 
sou e.  of these households a e i  a si gle ase stud  Guja at, Ga dhi aga  a d use otled ate  
i  addiio  to household o e io s. Appl i g the se i e le el f a e o k to otled ate  esults i  

o se i e due to the e  lo  ua iies pu hased. This is u de sta da le – the th esholds used fo  
se i e le els ele t all do esi  ate  use, ot just d i ki g ate . This a  u de esi ate the alue 
of otled ate  i  so e s e a ios: oth the MDGs a d SDGs lass otled ate  as a  i p o ed 
sou e if households use a asi  ate  sou e fo  othe  do esi  pu poses JMP, , as is the ase 
he e. 

It should also e oted that the e is o ge e all  a epted ethod of agg egai g se i e le els a oss 
uliple sou es. Due to the li ited u e  of households usi g uliple sou es i  this dataset, the 

fo us of a al sis is o  the ai  ate  sou e o l . 

Failure o  uliple para eters 

Out of  households hi h e ei e a  u a epta le se i e, just o e  o e thi d fail o  uliple 
pa a ete s, e.g. ua it  a d a essi ilit . These uliple odes of failu e a e i po ta t fo  
u de sta di g the li ii g fa to s he  seeki g to i p o e se i es fo  o u iies. Figu e  sho s 
failu e odes fo  all households that e ei e i sui ie t ua iies of ate . 

 

Figu e  - Failu e o  uliple pa a ete s 

This illust ates that si pl  i p o i g ua it  ill ot help all households hi h e ei e i sui ie t 
ua it : % of these fail o  at least o e addiio al pa a ete . I  these ases i p o e e ts ould 

also ha e to e ade to a essi ilit , elia ilit  a d ualit . This is a elai el  si plisi  a  of looki g 
at i p o e e ts to se i es - o i g f o  a ha dpu p to a piped suppl  ill i p o e oth ua it  
a d a essi ilit . But it a  sill e a useful tool fo  poli  ake s to u de sta d h  se i es a e faili g 
a d the pote ial i pa t o  se i e le els of dife e t i est e t opio s. 
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West Be gal 

The West Be gal ase stud  sho s % of households ith a  u a epta le ate  suppl . This is 
e ause all households olle t e  s all ua iies of ate  f o  o eholes as d i ki g ate , ith 

a  u k o  ua it  of ate  olle ted f o  ope  sou es fo  athi g a d do esi  use. I  ea h 
household, the ua it  olle ted is elo  the th eshold fo  o se i e. I   households, the se i e 
le el fo  a essi ilit  o  elia ilit  is also assessed as o se i e % of these households a e i  the 
o t ol illage . 

The e  lo  ua it  olle ted a  e li ked to the te h olog  used a d lo al h d ogeologi al 
o diio s - the o eholes a e fed f o  a e  deep a uife , up to  elo  g ou d le el i  so e 

a eas Mukhe jee & F a , , hi h is se e el  est i ted i  ield. This ase stud  sta ds i  a ked 
o t ast to all the othe s, as all households e ei e u a epta le se i e. I ludi g this ase stud  i  

the a al sis of fa to s afe i g o e all se i e le els is likel  to ske  esults - the fa to s afe i g 
se i e le el a e do i ated  h d ogeologi al fa to s hi h it is ot possi le to o t ol fo . Fo  this 
easo , West Be gal has ee  e luded f o  u h of the fu the  a al sis. 

Ho e e , it is i te esi g to ote that epo ted i o es i  the West Be gal a e sig ii a tl  lo e  tha  
i  othe  ase studies. This li ks ith the idea that u de l i g ealth is a ke  uildi g lo k  i  
o u it  a aged ate  supplies Hut hi gs et al., . I  West Be gal the u de l i g ealth is 

i sui ie t to p o ide a ess to a epta le supplies gi e  the lo al o diio s. 

 So io-e o o i  des ipio  of the data 

A total of  households i  i e I dia  states a e i luded i  the a al sis. Ta le  elo  gi es a so io-
e o o i  des ipio  of the sa ple. 

Ta le  - ‘eligio , aste a d i o e of su e ed households 

 Best Pra i e Co trol 
Edu aio  

 Male Fe ale 

Illiterate % % % % 

st to th lass % % % % 

th to th lass % % % % 

I ter ediate % % % % 

Degree a d higher % % % % 

Religio  

Hi du . % . % 

Musli  . % . % 

Chrisia  . % . % 

Caste 

BC . % . % 

MBC . % . % 

OBC . % . % 

OC . % . % 

OTHER . % . % 

SC . % . % 

ST . % . % 
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 Best Pra i e Co trol 
A ual household i o e INR  

Mea  ,  ,  

Media  ,  ,  

Ma i u  ,  , ,  

Mi i u  ,  ,  

Sta dard De iaio  ,  ,  

IV.  Staisi al a al sis 

Usi g the h potheses ide iied i  the p e iousl  des i ed elaio ship at i , IBM SPSS  as used 
to test if sig ii a t o elaio s a e p ese t. I iiall  all a al ses e e o du ted at a  i di idual 
household le el, fo  e a ple tesi g hethe  o  ot the e is a  asso iaio  et ee  the t pe of ate  
sou e used  a household a d the aste it elo gs to. The esults ielded  this app oa h a e sho  
i  A e  ,  out of  elaio ships sho i g so e le el of o elaio . 

I  seeki g to e plo e the u de l i g easo s fo  these elaio ships, it e o es appa e t that i  a  
ases, the o elaio  a  e sho  to e ased o  a false p e ise: due to the ote  ho oge eous 
atu e of illages,  p o  a  elaio ship is ot o  a  i di idual, ut o  a illage le el. This is 

illust ated  the elaio ship et ee  aste a d household o e io s. The a al sis sho ed that 
the e as a o elaio  et ee  aste a d the ate  sou e used Ta le , suggesi g that households 

elo gi g to a gi alised astes SC a d ST  a e dis i i ated agai st i  a ess to household 
o e io s.  

Ta le  - Caste  ate  sou e ossta ulaio  

Ho e e , su se ue t e plo aio  of the u de l i g data e ealed that al ost all illages ha e eithe  
o l  household o e io s o  o l  use othe  ate  sou es. This ea s that i  these illages the e is 

o dis i i aio  agai st spe ii  astes, as e e od  is usi g the sa e sou e t pe. Also, illages a e 
ostl  ho oge eous i  espe t to aste. The efo e, the o lusio  that a gi alised astes i  a illage 

a e less likel  to ha e a household o e io  a ot e o side ed alid, as the ta le a o e asi all  
o pa es e i e illages ith ea h othe . Fu the  i spe io  e ealed that o l  o e illage, Hi e a di, 

a tuall  sho s hete oge eit  i  ega ds to sou e t pe a d aste. This illage as tested sepa atel , 
a d o o e io  et ee  aste a d sou e t pe ould e fou d. 

I  light of these i di gs, the ai  fo us as o ed a a  f o  tesi g e e  elaio ship ide iied i  
the at i  to a ds a al si g data o  a illage le el. As des i ed i  hapte  IV. . , a pe e tage of 

Caste 

Water Sour e 

Total 
Household Co e io  Othe  Wate  Sou es 

OC 

Cou t    

% . % . % . % 

BC a d MBC 

Cou t    

% . % . % . % 

SC a d ST 

Cou t    

% . % . % . % 

Other 

Cou t    

% . % . % . % 

Total 
Cou t    

% . % . % . % 
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households e ei i g at least asi  se i e o  ea h pa a ete  a d o e all as al ulated fo  ea h 
illage. This a , illages ould e o pa ed to ea h othe , esults of hi h a e sho  i  Ta le .  

With the a eats des i ed a o e, so e tests o  a household le el e e sill o side ed to ield 
ea i gful esults a d a e sho  i  Ta le . The ost ele a t esults a e dis ussed elo . 

Ta le  - A al sis esults o  illage le el 

# Relaio ship Co te t I terpretaio  Staisi al Test Sig ii a e 

 Media  Village I o e s. 
O e all 

Best P a i e Sig ii a t, st o gl  
posii e  

ρ= .  p< . ** 

Co t ol Not sig ii a t ρ=- .  p= .  

 Media  Village I o e s. % HH 
o e io s 

Best P a i e Highl  sig ii a t, 
st o gl  posii e 

τ = .  p= .  

Co t ol Not sig ii a t τ =- .  p= .  

 % Pu a Houses s. O e all 
Se i e Le el 

E l. WB Highl  sig ii a t, 
st o gl  posii e  

ρ= .  p< . ** 

 % Mediu  a d Dista t Households s. A essi ilit  Not sig ii a t τ = .  p= .  

 % Mediu  a d Dista t Households s. Qua it  Not sig ii a t ρ=- .  p= .  

 % Mediu  a d Dista t 
Households s. O e all 

E l. WB Not sig ii a t ρ= .  p= .  

 % ‘eligious Mi o iies s. O e all  E l. WB Not sig ii a t ρ= .  p= .  

 % ‘eligious Mi o iies s. % HH 
o e io s 

E l. WB Not sig ii a t τ = .  p= .  

 % SC/ST s. O e all E l. WB Not sig ii a t ρ= .  p= .  

 % SC/ST s. % Household 
o e io s 

E l. WB Not sig ii a t τ =- .  p= .  

 Mea  Ta if s. O e all Not sig ii a t ρ= .  p= .  

 Mea  Ta if s. Media  Village I o e Not sig ii a t ρ= .  p= .  

 Mea  Ta if s. ‘elia ilit  > % HH 
o e io s 

Not sig ii a t τ = .  p= .  

 % La d o e ship s. O e all Not sig ii a t ρ= .  p= .  

Ta le  - A al sis esults at household le el 

# Relaio ship Co te t I terpretaio  Staisi al Test Sig ii a e 

 Houshold i o e 
et ee  Wate  Sou e 

Villages ith o e tha  
% i  oth atego ies 

Highl  sig ii a t Ma -Whit e  
U= . , =  

p< . ** 

 Household i o e s. 
O e all Se i e Le el 

Best P a i e, e l. WB Highl  sig ii a t, 
eak 

τ = .  p< . ** 

Co t ol, e l. WB Highl  sig ii a t, 
eak 

τ  =- .  p< . ** 

 Wate  Sou e s. O e all Highl  sig ii a t, 
st o g 

τ  =- .  p< . ** 

 Wate  Sou e s. Qua it  Highl  sig ii a t, 
st o g 

τ =- .  p< . ** 

 Wate  Sou e s. Qualit  Highl  sig ii a t, 
eak 

τ =- .  p< . ** 

 Wate  Sou e s. ‘elia ilit  Highl  sig ii a t, 
eak 

τ =- .  p< . ** 

 Saisfa io  s. O e all Highl  sig ii a t, 
eak to ode ate 

τ = .  p< . ** 

 Saisfa io  s. Qualit  Highl  sig ii a t, 
ode ate to st o g 

τ = .  p< . ** 

 Edu aio  s. Wate  
Co itee Me e ship 

Villages ith  o  o e 
Wate  Co itee 

e e s 

Sig ii a t, eak τ = .  p= .  
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# Relaio ship Co te t I terpretaio  Staisi al Test Sig ii a e 

 Suppl  du aio  s. 
O e all 

I te ite t s. 
Co i uous fo  HH-
o . 

Highl  sig ii a t, 
st o g 

τ = .  p< . ** 

 Sto age s. O e all HH- o e io s / 
i te ite t suppl  

Highl  sig ii a t, 
ode ate to st o g 

τ = .  p< . ** 

 Sto age s. Household 
I o e 

HH- o e io s / 
i te ite t suppl  

Sig ii a t, eak ρ= .  p= . * 

 Sto age s. Suppl  
Du aio  

HH- o e io s / 
i te ite t suppl  

Highl  sig ii a t, 
ode ate 

ρ=- .  p< . ** 

 Suppl  Du aio  s. 
O e all 

HH- o e io s / 
i te ite t suppl  

No o elaio  τ  = .  p= .  

 Household size s. 
Qua it  

Othe  ate  sou es Sig ii a t, eak τ =- .  p= . ** 

HH- o e io s Sig ii a t, eak τ =- .  p= . ** 

  



21 

V Dis ussio  

 I o e a d se i e le els 

Media  illage i o es a d the o e all se i e le el i  a illage a e ot sig ii a tl  o elated if all 
illages a e a al sed togethe . Ho e e , he  est p a i e a d o t ol illages a e a al sed 

sepa atel , a highl  sig ii a t, st o gl  posii e o elaio  a  e fou d fo  est p a i e illages, as 
sho  i  Figu e . This a  e i te p eted as sho i g that u de l i g ealth is e essa  fo  i p o i g 
se i e, ut it is ot e ough alo e. A  e a li g e i o e t, as p ese t i  the est p a i e illages, 
is also e essa  to a hie e high se i e le els, hi h o i s ea lie  studies  Hut hi gs et al. 

. 

 

Figu e  - Village se i e le el  edia  illage i o e fo  est p a i e illages 

I di idual household i o e is fou d to e sig ii a tl , ut u h o e eakl , o elated to the 
se i e le el a household e ei es. This a  e i te p eted as sho i g that o u al ealth is o e 
i po ta t fo  the o e all se i e le els, hi h is u de sta da le as o u it  a aged ate  suppl  
s he es a e u  o  a o u al s ale. Fu the o e, fo  est p a i e illages, the e is a sig ii a t, 
st o gl  posii e o elaio  et ee  edia  illage i o e a d the pe e tage of household 
o e io s i  a illage. This o o o ates the h pothesis that o u al ealth is a highl  i po ta t 

fa to  fo  su essful p o isio  of ate  suppl  se i es o  a illage le el.  

 I o e a d ate  sou e - household le el 
I o e as o pa ed et ee  households ith household o e io s a d those usi g othe  ate  
sou es. Fo  this o pa iso , o l  illages he e uliple ate  sou es a e used, ith at least % 
of households a essi g ea h t pe of sou e, e e i luded. The e is a staisi all  sig ii a t 
dife e e i  edia  a ual household i o es et ee  the use s of household o e io s 
IN‘ ,  a d othe  ate  sou es IN‘ , , sho  i  Figu e . Ho e e , this dife e e is uite 

s all, suggesi g that, fo  the poo est, a s all i ease i  i o e a  ha e a ig i pa t o  the se i e 
e ei ed. This ag ees ith i di gs  Fo se a , ho fou d that i  Moza i ue, the poo est 

a d poo  use ha dpu ps, hile the least poo  e ei e piped ate . The least poo  i  the e io ed 
stud  a e sill a ou d the aio al, a d ell elo  the i te aio al, po e t  li e. 
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Figu e  - Media  i o e of use s of household o e io s a d othe  ate  sou es 

 House t pe a d ate  sou e 

The pe e tage of pu a houses, hi h a e highe - ualit  houses o st u ted f o  ate ials su h as 
o ete, is st o gl  posii el  o elated to the pe e tage of household o e io s i  a illage, as 

sho  i  Figu e . This esult as e pe ted a d ould e e plai ed  illages ith a high pe e tage 
of pu a houses ei g o e fo all  pla ed a d ha i g ete  o e all i f ast u tu e. This 
o espo ds to esults  Jala  & ‘a allio  , hi h ide iied that pu a households a e o e 

likel  to ha e a ess to piped ate . 

 

Figu e  - Village se i e le el  pe e tage pu a houses 

 Wate  sou e a d o e all se i e 

Looki g at o e all se i e le els, household o e io s s o e sig ii a tl  highe  tha  othe  ate  
sou es. As sho  i  Ta le , poi t sou es p o ide a epta le se i e to o l  % of thei  use s, 
o pa ed to % fo  household o e io s. Mo e tha  t o thi ds of poi t sou e use s e ei e the 

lo est le el of o se i e, o pa ed to % fo  household o e io s. This lea l  sho s the 
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i po ta e of household o e io s fo  the se i e use s e ei e. This esult is ele ted i  the 
p oposed SDG . , hi h ai s at p o idi g a d i ki g ate  sou e that is lo ated o  p e ises JMP, 

. 

Ta le  - O e all se i e le el  ate  sou e 

 No ser i e Su -sta dard Basi  I pro ed High 

Household Co e io  % % % % % 

Other Water Sour es % % % % % 

 Wate  sou e a d ua it  

Co pa i g household o e io s a d othe  ate  sou es, the e is a sig ii a t dife e e i  the 
ua it  pa a ete . As sho  i  Figu e , . % of use s of household o e io s a d o l  . % 

of use s of othe  sou es e ei e high se i e i  espe t to ua it . . % of use s of othe  ate  
sou es e ei e u a epta le ua iies of ate . A stud  of se i e le els of poi t sou es i  Uga da 
a e to si ila  o lusio s, ith o l  o e thi d of use s fet hi g the aio al sta da d of  lp d Be  

et al., ; Maga a, . 

 

Figu e  - Qua it   ate  sou e 

 Wate  sou e a d ualit  

The e is a sig ii a t dife e e i  pe ei ed ate  ualit  et ee  use s of household o e io s 
a d othe  ate  sou es. . % of household o e io  use s o side  thei  ate  ualit  good , 
o pa ed to . % i  the othe  sou e g oup. Ho e e , the e is o sig ii a t dife e e i  the 

pe e tages fo  ad  ate  ualit  . % fo  household o e io s s. . % fo  othe  ate  sou es . 
This dife e e is suppo ted  a stud   B o  et al. , hi h sho s a sig ii a t dife e e i  
the ate  ualit  of o -plot piped ate  o pa ed to othe  sou es, e e  if the  a e i p o ed  
a o di g to JMP. The health e eits of piped ate  ha e ee  o i ed  se e al othe  studies 
Ga pe -‘a i d a  et al., ; Géli as et al., ; Jala  & ‘a allio , . Ho e e , a se e e 

li itaio  of this stud  is that o l  data o  pe ei ed ate  ualit  is a aila le. Without ate  ualit  
tesi g, o i fo ed assess e t of the see i gl  lo  pe e tages of ad  ate  ualit  fo  all sou es 
a  e ade. 



24 

 Wate  sou e a d elia ilit  

Household o e io s s o e sig ii a tl  highe  o  the elia ilit  pa a ete  tha  othe  ate  
sou es. . % of household o e io s ha e high elia ilit  s o es, o pa ed to . % of othe  

ate  sou es. I  the a al sed sa ple, . % of the othe  ate  sou es fail to p o ide a epta le 
se i e i  espe t to elia ilit , a igu e that is si ila  to epo ted pe e tages of ha dpu p 

o -fu io alit  Klee eie , ; ‘WSN, . Ho e e , it eeds to e added that the elia ilit  
pa a ete  used i  this stud  is a pe ei ed easu e, as it is o l  de i ed f o  aski g espo de ts ho  

a  i es thei  ate  suppl  had oke  do  i  the last ea  a d ho  lo g it took to epai  
eakdo s. 

 Suppl  du aio  fo  household o e io s 

Co pa i g use s of household o e io s that e ei e -hou  suppl  to those e ei i g i te ite t 
suppl , the e is a highl  sig ii a t dife e e i  o e all se i e le els. . % of the o i uous suppl  
g oup e ei es high o e all se i e, hile ot a si gle household i  the i te ite t suppl  g oup 
ea hes that le el. The e t e el  high pe e tage fo  the o i uous suppl  g oup is so e hat 

e pe ted, as these use s a e assig ed a high ua it  auto ai all  a d  dei iio  e ei e high 
s o es fo  o i uit . 

The esults fo  the i te ite t suppl  g oup a e o e i te esi g ho e e . As sho  i  Ta le  
elo , ot a si gle household e ei es a high o e all se i e le el. While a la ge p opo io  ea hes a  

i p o ed o e all se i e le el, o e tha  a thi d e ei e a  u a epta le o e all se i e. The ta le 
sho s the ge e all  lo  s o es o  o i uit , esuli g f o  a  households ith a suppl  du aio  
of o e to t o hou s. It also sho s the i pa t i te ite t suppl  has o  the ua it  use s e ei e, 
e e  if the  ha e household o e io s. 

Ta le  - Se i e le els fo  household o e io s ith i te ite t suppl  

 No ser i e Su -sta dard Basi  I pro ed High 

Qua it   % % % % % 

Qualit   % % % % % 

A essi ilit   % % % % % 

Co i uit   % % % % % 

Relia ilit   % % % % % 

O erall Ser i e Le el  % % % % % 

 Household o e io s ith i te ite t suppl  

Fo  households that ha e a household o e io , ut o o i uous -hou  suppl , the o e all 
se i e le el is o elated ode atel  to st o gl  to the size of household sto age. While this ight 
see  o ious, it is sill a  i po ta t esult, as it sho s that e e  i  s he es that p o ide household 
o e io s, i di iduals a e fo ed to el  o  opi g st ategies to ea h high se i e le els, hi h 

ag ees ith i di gs  )é ah  a d Whii gto  et al. . This is fu the  suppo ted  the 
ode atel  egai e o elaio  of the suppl  du aio  pe  da  a d the size of household sto age. The 

suppl  du aio  pe  da  is ot o elated ith the o e all se i e le el, hi h agai  suppo ts the 
assu pio  that households de elop st ategies to ope ith i te ite t suppl . The size of household 
sto age is o l  eakl  o elated ith household i o e, hi h ea s that poo e  households sill 
i est i  ate  sto age to so e e te t. 
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 Household size a d ua it  

A stud  of poi t ate  sou es i  Mala i  Sha   fou d a o elaio  et ee  the household 
size a d ua it  of ate  a aila le pe  pe so . Fo  households usi g poi t sou es, the CW+ dataset 
also sho s a eakl  egai e o elaio , o i i g the e pe ie e f o  Mala i. I  the CW+ data, 
this o elaio  also e ists fo  use s ith household o e io s. This suggests that as household size 
g o s, the o e all ua it  a aila le to the household does ot i ease p opo io atel . 

 Caste, eligio  

O  a illage le el, the e is o sig ii a t o elaio  et ee  the pe e tage of s heduled astes a d 
t i es o  the pe e tage of eligious i o iies a d the o e all se i e le el i  a illage. This sho s that 
the ase studies sele ted fo  the CW+ p oje t p o ide a  e uita le se i e, e e  to illages ith a high 
pe e tage of a gi alised g oups. 

 Ta if 

No o elaio  ould e fou d et ee  the a e age ta if paid i  a illage a d the o e all illage se i e 
le el. I  illages ith a ajo it  of household o e io s, the a e age ta if paid is ot o elated to 
elia ilit  eithe . Be ause ta ifs a e ostl  set at le els ell elo  ost e o e  fo  ope ai g 

e pe ditu e, u h less igge  apital ai te a e osts Ca do e & Fo se a, ; Fo se a & Nji u, 
, the ta if does ot i lue e se i e le els, as fu di g a d suppo t eeds to o e f o  othe  

sou es. Fo  e a ple, i  o e ase stud  the ost of p odu i g ulk ate  is IN‘  pe  , hile the 
ost ha ged to the o u it  is o l  IN‘  pe   Hut hi gs, . The a e age ta if paid is ot 
o elated to the edia  illage i o e eithe , hi h ight sho  that ta ifs a e a it a il  set  
ate  o itees a d do ot o espo d to the a ilit  o  illi g ess to pa  i  a illage. I fo aio  

o  o u it  se i e p o ide  pe fo a e  olle ted  the CW+ p oje t ould help to u de sta d 
this issue fu the . 

 Edu aio  of ate  o itee e e s 

A al si g illages he e o e tha  o e espo de t is pa t of the ate  o itee, edu aio  le els 
of ate  o itee e e s a d o - e e s a e fou d to e sig ii a tl  dife e t. . % of ate  
o itee e e s ha e a deg ee o  postg aduate deg ee, o pa ed to . % of o - e e s. The 

illite a  ate is . % a o gst o - e e s, o pa ed to . % a o gst e e s. This ight 
suggest that o u iies e e ise dis eio  i  ele i g o itee e e s ho possess the skills 

eeded fo  the o itee to fu io  efe i el . This is pote iall  i te esi g i  the light of odels 
of i easi g p ofessio alisaio  of o u it  a age e t Hut hi gs et al., , ut the esult 

eeds g eate  o te tual i fo aio  to d a  a  ea i gful o lusio s. 

V.  Li itaio s of the stud  

 Li ited u e  of ase studies 

The esults sho  a o e e e o tai ed ith o l  a su set of the hole CW+ household su e  data 
a d should the efo e e see  as i di ai e esults that sill eeds to e o i ed ith the o plete 
data as it e o es a aila le. 

 Su e  desig  

The o igi al ai  of the household su e s as o l  to assess se i e le els, a d ot a full-s ale a al sis 
of fa to s afe i g it. The ai  of this p oje t as to e plo e to hat e te t this li ited su e  desig  
ould e used fo  e plo i g fa to s ehi d su ess i  deli e i g ate  se i es. While a lot of 

i te esi g esults ould e o tai ed, the autho s elie e that the le el of a al sis o du ted is at the 
li it of hat is possi le usi g this data. 
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 Assu pio s ade to assess se i e le els 

I  o de  to assig  se i e le els to households i  so e ases assu pio s e e ade as to the se i e 
e ei ed. These e e: 

 that a -hou  household o e io  al a s p o ides high ua it ; 
 that a household o e io  al a s e uates to high a essi ilit . 

Whilst defe da le, these assu pio s do li it the s ope of a al sis that a  e pe fo ed i  elaio  
to household o e io s. Fo  e a ple, assu i g high a essi ilit  does ot e og ise that the e a e 
dife i g le els of household o e io s: f o  a si gle tap i  a a d used to ill se e al pots, to uliple 
taps ithi  the d elli g. The data olle ted did ot allo  disagg egaio  o  this le el. ‘e o di g a d 
u de sta di g the dife e e i  se i e e ei ed  these use s a  ot e sig ii a t he  o pa i g 
to use s of o u al sou es, ut ill e i easi gl  i po ta t as use s de a d household 
o e io s a d fu the  dife e iaio  is eeded. 

 Li its of household su e s 

I fo aio  o  a  fa to s afe i g ate  suppl  se i es a  si pl  ot e o tai ed f o  
household su e s. As this stud  as li ited to household su e  data, it ould eed to e 
o ple e ted  addiio al esea h i  o de  to i lude ide  issues su h as the suppo t 

e i o e t, go e e t i ol e e t o  fu the  i fo aio  o  the ate  o itees. This 
addiio al i fo aio  ould o e f o  i te ie s ith ke  i fo a ts, ad i ist ai e data o  fo us 
g oup dis ussio s a d ould e a le a t ia gulaio  of i fo aio . 
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VI Co lusio  

This stud  p o ided a  i sight i to the i st t a he of household su e  data olle ted i  the CW+ 
p oje t. E e  though so e issues ith data ualit , o plete ess a d edi ilit  e e e ou te ed, 
the ajo it  of data ould e used fo  fu the  a al sis. 

The ate  se i e ea h household e ei es as assessed o  i e pa a ete s: ua it , ualit , 
a essi ilit , elia ilit  a d o i uit . To o i e these i di idual pa a ete s i to o e o e all se i e 
le el, a o posite i di ato  o sisi g of a geo et i  ea  ith th esholds as eated. I  the 
autho s  opi io , this o posite i di ato  gi es a ea i gful a d ua ed pi tu e of the o e all 
se i e le el a household e ei es. This app oa h is elai el  si ple a d has the pote ial to e 
applied o e idel  i  the WaSH se to . Usi g this o e all i di ato  of se i e, % of households 

e e sho  to e ei e a  a epta le se i e  - that is eei g I dia  aio al sta da ds fo  d i ki g 
ate . I  total, % of households e ei ed a high  le el of se i e. 

To i d dete i a ts of su ess, h potheses sho i g possi le asso iaio s et ee  a ia les e e 
ide iied th ough a lite atu e e ie . Out of these,  e e tested a d  sho ed a staisi all  
sig ii a t o elaio . I  the ou se of the a al sis, the ai  fo us as shited f o  a al si g data o  
a household le el to a ds the illage le el, as see i gl  ele a t o elaio s o  the household le el 

e e ote  fou d to e aused  a ho oge eit  of a ia les i  si gle illages. 

The ost i po ta t esults a e that se i e le els a e o l  eakl  o elated to i o e o  the 
household le el, ut st o gl  o elated to edia  i o e o  the illage le el. This is i te p eted as 
sho i g the i po ta e of u de l i g o u al ealth i  p o idi g ate  se i es. Household 
i o e le els do pla  a ke  ole i  the se se that use s of household o e io s a d poi t ate  
sou es sho  a staisi all  sig ii a t dife e e i  i o e. Ho e e , this dife e e is uite s all a d 
at the lo e  e d of the i o e spe t u , suggesi g that, fo  the poo est, a s all i ease i  i o e 
a  ha e a ig i pa t o  the se i e e ei ed. 

Du i g the a al sis, the i e se dife e e i  se i e le els et ee  p i ate household o e io s 
a d othe  ate  sou es e a e appa e t. Household o e io s e e fou d to e the o l  a  of 
a hie i g high se i e le els, oth o e all a d espe iall  i  espe t to ua it . The supe io it  of 
household o e io s is o i ed  se e al studies a d is ele ted i  the p oposed i di ato  fo  
SDG ta get .  of p o idi g a asi  d i ki g ate  sou e hi h is lo ated o  p e ises . The a al sis 
also sho ed that just ha i g a household o e io  is ot e ough, as use s ith a household 
o e io  ith i te ite t suppl  e ei ed sig ii a tl  lo e  se i e le els. The efo e, the ai  

should e p o idi g household o e io s ith o i uous -hou  se i e. 

The a al sis also de o st ated that e e  sou es that a e lassiied as i p o ed  a o di g to the 
MDG dei iio  ote  deli e  u a epta le se i e. Looki g at the ai  sou e used  households, 
o l  . %  households  ould e lassiied as u i p o ed  u de  the JMP dei iio . This o t asts 

ith % of households e ei i g a  u a epta le  le el of se i e usi g the CW+ se i e ladde , 
ostl  due to the i sui ie t ua iies supplied , a d the poo  a essi ilit  of poi t sou es. This 

st o gl  suggests that the JMP dei iio  p o ides a  u ealisi all  posii e pi tu e of a ess to 
d i ki g ate .  

I  the a al sed dataset, o o elaio s et ee  the pe e tage of s heduled astes a d t i es o  
eligious i o iies a d the se i e le el i  a illage ould e fou d. This sho s that i  the sele ted 
ase studies, the se i e p o ide s su eed i  deli e i g e uita le ate  se i es to all illages 

su e ed. 
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The li itaio s of this stud  a e ai l  due to the fa t that o l  pa t of the hole CW+ household 
su e  dataset as a aila le. The efo e i di gs f o  this stud  a e ot e essa il  ep ese tai e of 
othe  egio s a d should e o i ed ith addiio al studies he  all data is a aila le. Fu the o e, 
due to the li ited s ope of this stud , o l  household su e  data as used, hile addiio al 
o te tual data ould e eeded to assess a  fa to s afe i g ate  se i e deli e . I  pa i ula , 
he e this stud  has ide iied sig ii a t o elaio s, o te tual data is e essa  to u de sta d the 

u de l i g auses. Su h data is ei g olle ted as pa t of the ide  CW+ p oje t. 

Despite these li itaio s, this p oje t has de o st ated that it as possi le to o du t sig ii a t 
a al sis usi g the a aila le household su e  data.   
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Habitation  

Revenue Village 

Gram Panchayat

District 

Location house/source

Type of house

Religion

Caste

Land ownership

Ration card  

Sex  

Age  

Education  

Occupation  

Income  

HH size  

No male  

No female  

No children  39 Alvarez & Corrales, 2014

No elderly  40 Kumasi, 2013

No disabled  41, 42 Adhikari & Di Falco, 2009

Water Source 30 25  

Water Fetcher  

Perception of Quality 1  

Satisfaction 2  

No Breakdown  

Time taken for repairs  

Clear who to complain  

Ever complained  

Water tariff per month 28 8 4 23 38 27 4 29 4

Amount of tariff 4 27

Add payment for repairs 8 4 38 4 29 4

Family part of water com 40 42 5 21 26

Meweting existing 

Attendance to meetings 40 20 42 35 20 10 33 10 5 21 26

Awareness campaigns

Attendance to trainings 40 20 42 35 20 10 33

Attendance to awareness c. 40 20 42 35 20 10 33

Quality 1 27 32

Continuity
 

Quantity 7 22 6 6 13 18 1
 

Accessibility 30
 

Reliability 4
 

 

Legend

Identified Links
# Reference for hypothesis

Viger, 2009

18 Shaw, 2014

38 Deverill et al., 2002

36, 37 Maheshwari. et al., 2014

Pedi & Touch, 2010

4, 5 Schweitzer, 2013

22 Brouwer, 1988

17, 19, 20 Engel et al., 2005

6, 15 Dave et al., 2011

7, 13 UNICEF, 2009

16

24, 25 Wedgwood & Sansom, 2003

26 Mugumya, 2013

33, 34 Doe & Sohail Khan, 2004

References for hypotheses

8, 9, 10, 11, 12 Sun et al., 2010

14 UNICEF, 2009

1 Magara, 2014

2

Socio-economic variables Water related variables Service level variables
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A e  : Dis a ded tests 

 

# Relaio ship Co te t I terpretaio  Staisi al Test Sig ii a
e 

 Me e ship i  Wate  Co itee s. O e all Se i e Le el Not sig ii a t tau- = .  p= .  

 Caste s. Wate  Sou e Best P a i e Highl  sig ii a t tau- = .  p< . ** 

Co t ol Highl  sig ii a t tau- = .  p< . ** 

 Lo aio  s. O e all Se i e 
Le el 

e ludi g HH- o . Highl  sig ii a t tau- = .  p< . ** 

 Lo aio  s. Ta if paid All e o ds Highl  sig ii a t tau- =- .  p< . ** 

e ludi g HH- o . Not sig ii a t tau- = .  p= .  

 Lo aio  s. Me e ship i  Wate  Co itee Not sig ii a t tau- =- .  p= .  

 Lo aio  s. Ate da e at Meei gs Not sig ii a t tau- = .  p= .  

 Lo aio  s. Ate da e at A a e ess Sessio s Highl  sig ii a t tau- = .  p< . ** 

 Lo aio  s. Qua it  all e l. WB  Sig ii a t tau- =- .  p= .  

e l. HH- o  e l. WB  Not sig ii a t tau- =- .  p= .  

 Lo aio  s. A essi ilit  e l HH- o  Not sig ii a t tau- = .  p= .  

 House t pe s. O e all Se i e Le el Highl  sig ii a t tau- = .  p< . ** 

 House t pe s. Wate  Sou e Highl  sig ii a t tau- =- .  p< . ** 

 ‘eligio  s. Ta if Highl  sig ii a t tau- = .  p= . ** 

 ‘eligio  s. Me e ship i  Wate  Co itees Not sig ii a t tau- =- .  p= .  

 ‘eligio  s. Ate da e at Meei gs Not sig ii a t tau- = .  p= .  

 


