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EXECUTIVE SUMMARY

For the first time we can demonstrate in a well-controlled study a
reduction of diarrhea associated with the improvement of water supply in a
rural community. Diarrhea declined substantially when an improved source
of water was piped to the patios of most homes in a Guatemalan village.
All age groups except infants less than a year and adults over 45 showed
statistically significant differences in rates when compared to a control
community. Children between one and seven years old, who accounted for
more than half the cases of diarrhea in the village, were the major
beneficiaries.

Percentage Decrease in Diarrhea One to Seven Age Group

Successive
Six Month
Periods: (l)Rainy (2)Dry (3)Rainy (4)Dry (5)Rainy (6)Dry (7)Rainy

Percentage +4 -32 -16 -48 -22 -41 -24
Difference

Water alone was sufficient to reduce the diarrhea. Education in sanitary
practices and a program to build latrines were successful in changing at-
titudes and behavior, but had little, if any, association with diarrhea
rates.

Water Quantity - Water Quality

The evidence seems to indicate that it was water quantity that was re-
sponsible for the improved health of the community rather than water qual-
ity. This is based on the following data. The amount of water used at
the home was nearly three times greater in the experimental community than
in the control village. Water quality, however, while good at the tap,
deteriorated in the transfer from the tap to the domestic containers. By
laboratory analysis, half the samples from domestic containers had fe-
cal coliform bacteria and three quarters had some coliform bacteria.

The Study

The study was carried out in two communities in Guatemala. They were
selected to be similar in population, environment, and health charac-
teristics. * One was provided with a piped supply that served most of
the community. The other, which obtains water from shallow wells and a
river, served as a control. The purpose of the control community was to
account for variations in health that would have happened without the
improved source of supply. Halfway through the project, a health program
to alter sanitary behavior and to encourage latrine construction was
instituted.

*The study was funded by the AID Bureau of Development Support.
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The study met all the criteria that were considered necessary to determine
the effect of water on health by a World Bank expert panel. For 40
months, from May 1973 to August 1976, each household in both communities
was surveyed. Data on health, nutrition, environmental sanitation and
water use were gathered.

Previous Findings

A previous analysis of the data did not find any significant reduction in
diarrhea associated with the new water supply. The difference between the
previous findings and these conclusions results from the methods used in
the data analyses. We have compared rates of diarrhea in groups from each
community. The groups were segregated by age, sex, season, and family
size. A comparison between the same group in the experimental community
and the group in the control community, indicated that in all cases the
differences in rates of diarrhea were statistically significant.

(The previously published analyses used a regression equation containing
63 variables to determine the association of water, family size, time, en-
vironmental conditions and other variables with diarrhea. Using such a
method, the study found significant reductions in one age group. Be-
cause it was not matched by reductions in other groups of different ages
the study regarded this as a possible "random variability".)

We consider the use of contingency tables and calculation of Chi Square
test of significance the more appropriate statistical test for data from
two communities selected as a matched sample. The Bureau of the Census
concurs. They carried out most of the statistical analysis and agreed with
our findings.2

Lessons Learned

Developers can now have far more confidence that improved, reliable sup-
plies have a signficant health benefit. This finding is of major import-
ance. The value of clorination and health education will be assessed in
a subsequent article»

2Joseph Quinn, Survey Statistician of the International Statistical
Program, Bureau of the Census, advised on the methodology and prepared the
analysis on which the paper is based.



Abstract

Improved access to a chlorinated water supply from a pro-
tected spring in an experimental community was accompanied by a
significant reduction in the incidence of diarrhea among vil-
lagers of all age groups with the exception of those less than
one and over forty-five years old when compared to the same age
group in a control village. Those most affected were the age
group from one to seven who accounted for more than half the
cases in both the experimental and control community. The
decrease in diarrhea was related to the amount of water used and
to the seasonal variation in rainfall. The study conducted for
42 months had previously reported no significant reduction in
diarrhea for any age group in the experimental community.

BACKGROUND

A recent study on the health effects of improved water sup-
ply, health education and improvements in excreta disposal was
conducted by the University of North Carolina at Chapel Hill and
the Institute of Nutrition of Central America and Panama. The
study, the Food Wastage/Sanitation Cost-Benefit Methodology Pro-
ject, was carried out in two villages in the rural lowlands of
Guatemala. The purpose was to determine the impact of a number
of improvements on the health of the villagers. These improve-
ments were a filtered chlorinated source of water to the patios
of most houses, a health education campaign designed to alter
sanitary practices and a community development effort to en-
courage building of latrines. The results were reported to AID
in three volumes, Results of the Field Studies, February 25,
1978; Assessment and Policy Implications, July 31, 1978; and
Methodology Report, March 31, 1978. Articles, "Field Studies on
Water Sanitation and Health Education in Relation in Central
America," by Shif f man e_t a_l. , (1978) and "The Potential Effect of
Water on Gastrointestinal Infections Prevalent in Developing
Countries," by Schneider e_t̂  a_l. , (1978) were published indepen-
dently.

A number of indicators were used to assess the impact of the
project. These included the waste of nutrition through intestin-
al mal-absorption, diarrhea, respiratory disease, skin infec-
tions and a number of infectious diseases. This paper will focus
on only one of the indicators, diarrhea. The study had reported
no decrease in diarrhea as a result of the improved supply, but
had documented a significant decrease in skin disease.

The United States Agency for International Development (AID)
funded the study as a part of a continuing interest in determin-
ing the impact of various interventions on the health of the
recipients. There is extensive evidence that diseases are
transmitted by contaminated supplies but little unequivocal evid-
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ence that improved supplies have any impact on diarrhea in the
community served. A number of studies have examined the impact
of water supplies on diarrhea. Some of those most frequently
cited are Watt e_t al_. , 1953; Hardy and Watt, 1948; Hollister ^t
al. , 1955; Levine e± a_l. , 1976; Schliessmann et^ â l. , 1958; Moore
et al. , 1966; Feacham et^ al_. , 1978. There is some evidence,
which a recent study considers well documented, that reduction of
disease requires connections within the house (Walsh and Warren,
1979).

In examining the body of evidence available up to 1976, an
expert panel convened by the International Bank for Reconstruc-
tion and Development (IBRD) concluded that the past investiga-
tions were "faulty" in precision of measurement, in adequacy of
base data, and in accuracy of findings" (1976, p.6.). Kawata
(1978) also reviewed the past studies that had found no rela-
tionship of water on health status and found them to be faulty.
In a similar review White, Bradley and White concluded "...there
is little doubt that for precise conclusions of the health
effects of water a planned experimental installation of water and
sanitation is needed" (1972). The AID study in Guatemala was
designed to provide the necessary precision.

Study Design

The principle of the study is simple: select two communi-
ties that are similar. Provide one of them, the experimental
community, with an improved source of water supply. The other
community would serve as a control. Halfway through the study
provide a health education component for the experimental com-
munity. Any changes in the experimental community relative to
the control community could then be ascribed either to water
alone or water and the health program.

The objective of using a control community was "to track
internal and external changes in health status, behavior and the
community environment which presumably would have occurred even
in the absence of any large scale intercession. In addition to
expected changes over time, the mere presence and activities of
the study staff could have stimulated some of the changes". (Re-
sults of the Field Studies, p.4.) Although the objectives of us-
ing the control community were clearly articulated in the study
plan, they were not integrated into the data analysis as a method
of controlling for changes in health status of the experimental
community that might have occurred without the water project.
Data from both the experimental and control community were an-
alyzed Independently and the results compared at the con-
clusion of the study.

Community Selection

Communities selected were comparable in size and in age and
sex distribution (Table 1). Guanagazapa, the experimental com-
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Table 1

Village Population Experimental and Control Community
At Beginning and End of Project

Group

0-1 years

1-7 years

7 + years

Number of males

Number of females

Number of fami l ies

TOTAL Population

: Experimental
Community Population

Beginning

45

203

769

528

489

202

<

1.017

End

42

218

837

566

531

238

1.097

: Control
Community Population

. Beginning

37

170

656

469

394

199

863

End

52

199

755

535

471

210

1,006

Source: Final Report to the Agency for International Development,
Department of State,Results of the Field Studies, University
of North Carolina at Chapel Hill and Institute of Nutrition
of Central America and Panama, (February 1978) pp. 4, Table II,



Table 2

Bacteriological Water Quality Experimental
and Control Communities
(Laboratory Analyses)

Most Probable No. :

Total Coliform :
Fecal Coliform :

Range :

Total Coliform :
Fecal Coliform :

Percent Satisfac- :
tory :

Total Coliform :
Fecal Coliform :

. Experimental

. Community

Source

611 :
484 •

0-5420
0-5420

42 •
75

Domestic
Container \

423
393 :

0-1609 !
0-2400 !

25
50

Control
Community

Source

1840
1205

23-2780
5-2400

: 0
0

Domestic
' Container

: 2767
: 1304

: 1300-9180
: 79-2400

: 0
: 0

Source: Final Report to the Agency for International Development,
Department of State, Results of the Field Studies,University
of North Carolina at Chapel Hill and Institute of Nutrition
of Central America and Panama (February 1978) pp. 26,
Table IV-4.
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Table 3

Months of Data Collection and Designation of Seasons

Type
of

Season

Rainy
ÍR)

Dry :
(D)

¡Month

•

May

: June

: July

Aug

• Sep

Oct •

Nov :

Dec :

Jan ;

Feb :

Mar :

Apr :

I Year

! 1973-1974

: Season No.

1

: 1

! 1

1

1

^ ̂  ̂  ̂

2

2

2 ;

2

>
': 1974-1975

: Season No.
•

: 3

: 3
: 3

: 3

>
: 3
: 3

4
•

4 ;

4 :

4

4 i

»
: 1975-1976
: Season No.
*

: 5

i 5
: 5

: 5

: 5

6

6

6

6 :

6 :

: 1976

: Season No.

: 7

i 7

! 7

7

: : :

—

—

NOTE: A dash ( ) indicates that no morbidity data were collected
in the indicated month.

Source: Final Report to the Agency for International Development,
Department of State, Results of the Field Studies,University
North Carolina at Chapel Hill and Institute of Nutrition of
Central America and Panama (February 1978) pp. 84, Table
IV-26.
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munlty, and Florida Aceituna, the control community, are both
located in the Pacific Coastal Lowlands of Guatemala. Rainfall
in both communities averages 2000 millimeters annually and falls
predominantly in the period from May to October. Average annual
temperature is 20 C. Soil conditions and housing are similar in
both communities. Data on digestive disease for the period
1967-1971 are approximately 17 reported cases per 1000 inhabi-
tants for each community. Each is relatively isolated from the
other although both were approximately one hour's drive from the
headquarters of the Institute of Nutrition of Central America and
Panama (INCAP).

There were differences in the two communities that might
have affected the results. The most important was the absence of
men in the experimental community, who sometimes left to do farm
work for extended periods.

Water Supply

The experimental community had an existing piped water sys-
tem serving 13 families. This was retained and a new system was
provided to serve 106 homes during -the first period of data col-
lection. By the end of the project, 65 percent of the experi-
mental community had piped chlorinated water metered to indi-
vidual patios while an additional 5 percent received piped
unchlorinated water from the system existing prior to the pro-
ject. There was some sharing of meters.

The control community received water from shallow wells and
from the river. Over 70 percent used their own or a neighbor's
well while 9 percent used the river. The source for the rest of
the community was not determined.

By laboratory analyses, three quarters of the samples at the
source and half the samples of water drawn from domestic con-
tainers in the experimental community were satisfactory, no fecal
coliform present (Table 2). None of the water from containers in
the control community was satisfactory.

Health Education

The health education component of the study had five ob-
jectives: to reduce fecal contamination of the area; to keep
animals out of the homes; to promote construction of latrines; to
improve food and water storage; and to increase water use for
hygenlc purposes. Program leaders trained residents who then
were the health promoters in the village. The program was car-
ried out by a committee of men, a committee of women, and a group
of midwives and the school teachers.
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The program started in April 1975, the last month of the
fourth period of the study. The effects of the program, if any,
would therefore be found in the subsequent three periods, between
April, 1975, and September, 1976.

The objective of the male group, the Community Betterment
Committee, was in general to encourage projects of benefit to the
community. They did this in meetings with villagers to emphasize
good sanitary practices. The Committee undertook a number of
projects that included construction of latrines. Twenty of the
group also completed a two-month training program and became
health promoters.

The women were encouraged to participate in a number of ex-
tension classes that taught specific skills such as cooking or
sewing, but also emphasized good personal and home sanitation.
Practicing midwives were given formal training which included
sanitation practices. At the conclusion of the training the
status of the midwives was increased by providing them with pro-
fessional registration and furnishing them with kits containing
instruments, medicines and supplies.

School teachers participated in a three day workshop to plan
a program for health education. The curriculum stressed basic
hygiene, sanitary behavior and food and water hygiene. To en-
courage adoption of the lessons of the health curriculum school
toilets and sinks were repaired or replaced and liquid soap, toi-
let paper, paper towels and cleaning supplies were provided.

Data Collection

Data on incidence of diarrhea were collected by female in-
vestigators who visited each family usually each month (Table 3).
An individual, usually an adult female, was asked specifics about
family health over the two preceeding weeks. Figures related in
the study are therefore approximately half of the actual
morbidity rates.

Data collected in this type of a survey are subject to prob-
lems of recall and of respondents' knowledge of the health of the
family members. The low rates of morbidity reported for adults
are probably the result of lack of knowledge of the respondent of
the health of adults not in the home during most of the day. The
first six months of the study indicate high rates of morbidity in
both villages for all diseases. The study report attributes this
to over-reporting on the part of the vilagers due to the new
experience.
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Data on water quality, water use, health attitudes and
practices were collected from a group of users who were randomly
selected at the beginning of the study. Once selected the same
group, designated the longitudinal sample, was retained for the
period of the study. Sampling procedure for water quality and
water use was the same in both villages but changed at various
times during the study from monthly to once in three months and
finally once every other month.

Data Analysis

The study used a regression model to examine the health ef-
fects of a number of variables on rates of diarrhea. There were
63 variables in the control community. These included village,
family size, month and sanitary conditions. An additional two
variables were used in the experimental community, access to
piped supply, and monthly water consumption.!

Data Reporting

Morbidity data were reported by age groups, by sex and by
village. The data collection extended from May, 1973, through
August, 1976, a period of forty months and included four rainy
and three dry periods. For convenience, the seasons are desig-
nated by a number indicating order of the period and a letter:
"R" for rainy and "D" for dry. Table 3 indicates the months and
year for each of the seven data collection periods.

REPORTED RESULTS OF THE PROJECT

The effect of the program on quantity and use of water, on health
knowledge and attitudes and on the building of latrines was well
documented in the final report.

Water Use

The families with piped water supplies in the experimental
community increased the water use on the average to more than
twice that of the control community. The mean amount used per
person over the project was 26 liters daily for each person in
Florida Aceituna and 68.4 liters for each person daily in
Guanagazapa (Table A). The uses of water in the home rather than
at the source also increased in the experimental community.

^Appendix C is an extract from the report giving the de-
scription of the linear model, fit, the independent variables and
the results of the analyses.
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Table 4

Volume of Water Use Experimental and Control Community for Seven
Successive Six Month Periods (Liters/capita daily)

Period -f

1R

2D

3R

4D :

5R :

6D :

7R :

: Experimental £/

40.0

63.1

62.9

80.5

70.1

77.0 :

73.5 :

: Control S/

No data

23.2

24.7

30.4

23.7

28.9

24.6

5/ Data are from 7 per iods o u t l i n e d in Table 3.
were R (Rainy) and D (Dry).

Successive periods

Experimental Community: Consumption collected on all families
using the distribution system, usage computed from water meters.
Usage above 200 1/p/d excluded.

Control Community: Recall method used to compute usage, and usage
above 200 liters per capita per day excluded.

Source: Final Report to the Agency for International Development,
Department of State, Results of the Field Studies,
University of North Carolina at Chapel Hill and Institute
of Nutrition of Central America and Panama (February 1978)
pp. 30,Table IV-8.
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Eighty percent washed clothes and bathed at home in the ex-
perimental community compared to less than one-third who did
laundry and one-fifth who bathed at home in the control community
(Table 5) .

Attitudes and Knowledge

The study measured attitudes as well as behavior. The mem-
bers of the longitudinal sample in both communities were inter-
viewed six times 'after the health program began. Questions were
asked about water quality, excreta disposal, health impact of an-
imals and flies in the kitchen, knowledge about causes of diar-
rhea in children and adults, the relationship between personal
hygiene and disease, germ theory, hand washing, and use of soap.
The answers were used to form a health education scale. The ex-
perimental community showed a significant improvement in
knowledge over the period of the health program (Table 6).

Latrine Construction

At the start of the project nearly a third of the homes (66)
reported having a latrine although some were used infrequently,
if at all. During the last three data collection periods 79 new
latrines were installed in the experimental community, 39 of
these were constructed in 1975, the balance in 1976. During
this period there was almost no construction in the cpntrol com-
munity.

At the conclusion of the project a survey was made of the
effects of the latrine program. All latrines built except one
were in use. In addition, new latrines continued to be con-
structed at the rate of two a month after the project was com-
pleted.

Summary of Results Reported

The project did have an effect on the conditions that are
assumed to affect diarrhea; however, the investigators found no
evidence in the data analysis for a significant reduction in the
rates of diarrhea in the experimental community. In the fol-
lowing sections we offer an alternative method of examining the
data and reach different conclusions.

DATA RE-ANALYSIS

Contrary to the findings of the original investigators our
analyses of the data show highly significant differences between
diarrheal morbidity rates in the two communities. In comparing
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Table 5

Uses of Water at the Home by Season Experimental
and Control Community

Water Use

Personal Hygiene

Food Preparation

Utensil Washing

Laundry

Bathing

Personal Hygiene:

Food Preparation:

Utensil Washing :

Laundry :

Bathing :

: 1 :
: Rainy*:

; -

: -

-

-

-

-

_

2
Dry

100

100

100

75

75

100

100

95

28

26

: 3
: Rainy

Seasons

. 4
Dry

Experimental

100

100

100

83

79

100

99

99

83

80

: 5 ;
: Rainy :

6
Dry

Community

100

100

100

80

80

Control Community

92

100

96

23

16

100

100

96

33

16

98

99

92

31

18

100

100

99

91

91

98

99

96

30

10

: 7
: Rainy

97

100

97

84

79

100

100

96

19

12

*No data available.

Source: Final Report to the Agency for International Development,
Department of State, Results of the Field Studies,Univer-
sity of North Carolina at Chapel Hill and Institute of
Nutrition of Central America and Panama (February 1978)
pp. 34,Table IV-9.
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Table 6

Changes in Perception Scale 1975-1976
Experimental and Control Communities

Weighted Sum of Scores of Health Attitude Variables

Community

Experimental

Control

: li/

186

183

1975

: 2 :

: 232 :

: 211 :

Periods

3

239

205

: 4

: 274

: 214

1976
• •

: 5 :

: 263 :

: 219 :

6

268

219

à/ Prior to health education program. Differences
significant (P= .05)

Source: Final Report to the Agency for International Development,
Department of State, Results of the Field Studies, University
of North Carolina at Chapel Hill and Institute of Nutrition
of Central America and Panama (February 1978) pp. 102, Table V-3
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the communities by age groups, by season, by sex, and by family
size the diarrhea rates for the experimental community are sig-
nificantly lower.

Diarrhea and Age

The average rates of diarrhea reported over the study period
were 50 cases per 1000 in the control community and 38 cases per
1000 within the experimental community. Children between one and
two years old had the highest reported rates in both communities.
In the control community, the next highest rates were for those
who were from two to seven years old. In the experimental com-
munity, the two to seven group had the third highest rate.

The lowest rates of diarrhea in both communities were among
those 15 to 30 years old. For all age groups except infants and
those 45 and older, the experimental community had lower reported
rates. The differences between the rates of the two communities
were statistically significant (Table 7).

The rates of diarrhea in the experimental community were sub-
stantially lower for all age groups except those less than one or
over forty-five. This is true for both absolute differences in
rates or percentage differences between communities. Among the
age group from 7 to 15, the rate in the experimental community
was 40 percent less than the rate for the same age group in the
control community (Table 8).

One to Seven Age Group

The age group between one and two and the group from two to
seven were responsible for the majority of diarrhea cases (53
percent in each community). It was this group that benefltted
most from the improved supply. The decline from the very high
levels reported at the outset was rapid and reached a rate of 51
per 1000 in the experimental community before trending upward
(Table 9). This compared to a plateau of approximately 100 cases
per 1000 in the control community over a two year period (Figure
1).

The decrease was highly significant. The Chi Square of dif-
ferences between the two communities indicates a probability of
less than .0001. In addition to being significant, the differ-
ences are systematic. The rates of diarrhea for the one to seven
group in the experimental community when compared to the control
group show a continuous trend of improvement over the 42 months
(Figure 2).
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Table 7 5/a/

Reported Cases of Diarrhea by Age Group
Experimental and Control Community

(2 week periods of each month)

Age
Group

0-1

1-2

2-7

7-15

15-30

30-45

45+

TOTAL

Cases o f
Di arrhea

168

290

461

189

103

68

133

1412 :

Experimental
No

Diarrhea

1249

1111

5936

8323

9031

4814

5032

35496 :

Rate/
1000

119

207

72

22

11

14

26

38

Cases o f
Diarrhea

186

294

576

216

141

103

131

1647

Control
No

Diarrhea

: 1316

: 1031

4663

: 5560

8317

4893

5079

30859

Rate/
1000

123

222

110

37

17

21

25

51

Total
Cases

. 2919

2726

11636

14288

17592

9878

10375

69414

Chi Square value for this table 16 5.36

Degrees of Freedom 6

Minimum level (P= .005) required to
reject the hypothesis that the
experimental and control rates are
not di f ferent 18.548

a/ See Appendix A for discussion
of statistical methodology
for Table 7, 9, 11, 12, 13 and
14.



Table 8

Difference in Rates of Experimental and
Control Community Diarrhea All Age Groups

(Rates/1000)

Age
Group

0-1

1-2

2-7

7-15

15-30

30-45

45+

Rate Experimental
' Community

119

207 :

72

: 22

11

14 :

: 26

•

Rate Control^
Community

123

222

110

'. 37

17

21

25

Difference in Rates \
(Experimental-Control)

-4

-15

! -38

: -15

! • * •

: -7

: 1

Percentage
Changea

[ -3

-7

: -35

: -41

! -35

': -33

: 4

Difference divided by Control Rate.
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Table 9

Reported Cases of Diarrhea in Children One to Seven
Experimental and Control Communities

Six Month Periods Rainy and Dry TÔT
Experimental Control

Period :

1 Rainy :

2 Dry :

3 Rainy :

4 Dry :

5 Rainy :

6 Dry :

7 Rainy :

Cases of
Diarrhea :

203 :

81 :

122 :

56

106 :

81 :

100 :

No
Diarrhea:

864 :

697 :

1185 :

1043 :

1294 :

1091 :

874 :

Rate

190

104

93

51

76

69

103

Cases of
: Diarrhea:

: 160 :

: 99 :

: 118 :

: 95 :

: 117 :

: 115 :

: 111 :

No
Diarrhea

714

555

948

867

1080

878

711

Rate :

183 :

152 :

111 :

99 :

98 :

116 :

135 :

Total
Observations

1941

1432

2373

2061

2597

2165

1796

TOTALS 749 7048 96 815 5753 124 14365

Chi Square value f o r t h i s tab le 108.23

Degrees o f Freedom 6

Minimum leve l (P= .005) requi red to
reject the hypothesis that the experi-
mental and control rate are not
di f ferent 18.548

For additional note, see Appendix A
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Figure 1

Reported Cases of Diarrhea Children 1 to 7 Years
Two Week Periods of Each Month of Data Collection

Seven Six Month Periods: Alternatively Rainy and Dry
(Cases per 1,000)

Reported Rates of Diarrhea
200

175

150

125

100

75

50

25 . N O M : Each lucceisive Rainy period shows increasing divergence between communities.
Each succeuive Dry period shows an approximately equal divergence.

I I I I I
1

(Rainy)
2

(Dry)
3

(Rainy)
4

(Dry)
5

(Rainy)
6

(Dry)
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(Rainy)

Figure 2

Differences in Rates of Diarrhea, Children 1 to 7 years
Experimental — Control

Seven Six Month Periods: Alternatively Rainy and Dry

Differences in Rates of Diarrhea
+ 601

+ 40

+ 20

O

O Rainy Season Differences

# Dry Season Differences

-20

- 4 0

- 6 0

O

1 . 2 3 4 5 6 7
(Rainy )̂ (Dry) (Rainy) (Dry) (Rainy) (Dry) (Rainy)
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Diarrhea and Season

Rates of diarrhea were lower during the dry season than the
wet season in both experimental and control communities. The
difference between seasons was greater in the experimental com-
munity where there was a reduction of one-third compared to a re-
duction of one sixth in the control community. The comparison
between communities showed a difference of 16 percent in the wet
season and more than twice as much in the dry season.

The effect of season can be shown most conclusively for the
age group from one to seven. The rainy season rate in the ex-
perimental community is 15 percent less than the control com-
munity. Dry season rates are 40 percent less in the experimental
community.

Diarrhea rates in the first dry season declined by 48 cases
per 1000 and maintained approximately the same absolute dif-
ference throughout the project. The rainy season rates of the
experimental community were higher at the start of the project
with each successive rainy season showing an increasing decline
in both absolute rate and in percentage decline (Table 10).

Diarrhea and Water Use

Within the experimental community volume of water use was
inversely related to the rate of diarrhea for the season. The
correlation coefficient between the rate of diarrhea for the
entire community and the average water use per capita was very
high (r^ = .97). This relationship was statistically significant
(p - .001).

Other Groupings^

A number of other analyses were prepared. A comparison was
made of males and females in each of the villages both by age
group and by season. While there are substantial differences be-
tween the sexes within the village, those In the experimental
community have significantly lower overall rates of diarrhea. In
addition the patterns of improvement for each of the sexes are
consistent with the findings for male and female combined.

The study reported a difference in morbidity rates among
large and small families. Our analysis confirms that there Is a
significant difference between communities when controlling for
family size (Tables 15 and 16).

^Appendix B contains tables 11-16 that illustrate the data
reported in this section.
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Seasonal Difference in Rates of Diarrhea One to Seven Age Group
Experimental Community Rate Minus Control Community Rate

Period

1R

2D

3R

4D

5R

6D

7R

: Experimental
: Community

: 190

: 104

: 93

51

76

69

: 103

Control
Community

183

: 152

111

99

98

116

135

Average difference

Difference

: Amount
: Rainy
: Season
•

+7

-18

-22

. -32

-16 :

Dry
Season

-48

-48

-47

-48

in Rates

: Percentage i/
: Rainy
: Season

+4

-16

-22

-24

-15

Dry
: Season

-32

-48

-41

-40

a/ Difference divided by control rate.

General Note on This and Following Tables

2/There remain, after painstaking effort/several minor discrepancies in the
following tables. These errors all exist in the source data and could not

be identified or resolved using the available information. The reader should
be aware, however, that these minor discrepancies would not affect the statis-
tical conclusions drawn from these data: the observed experimental/control
difference in diarrhea rates are vastly larger than the discrepancies in the
tables.
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CONCLUSIONS

Using the same set of data as the original investigators we
have shown significant changes in rates of diarrhea in a com-
munity where most of the population had access to a piped
chlorinated water supply. The original investigators reported:

One can conclude from these analyses that changes
in sanitary quality of the magnitude observed in these
villages did not produce striking changes in morbidity
over the relatively short period of this study. Some
very small trends or associations with sanitation may
have been detected. For example, increased water
consumption in Guanagazapa was associated with decreased
diarrhea and skin infections in children aged 13-24
months, but the trends or associations are so small
that it is not possible to 'separate the signal from
the noise'.4 (Results of the Field Studies7 p. 51.)

We have used a Contingency Table method of data analyses and
a Chi Square test of significance. This shows highly significant
and systematic differences between the two communities. The
original study used a large multiple regression model with 63
variables in the control community and 65 variables in the
experimental community. The regression methodology is described
in Appendix C.

We believe that the contingency table analysis using the
cases in the experimental community as the observed and the cases
in the control community as the expected represents an
appropriate test of significance.

The reduced rate of diarrhea is statistically significant
among all age groups with the exception of those under two and
forty-five or older. The data indicate significant and sys-
tematic differences for males, females, large families, small
families, wet season and dry season.

The following conclusions are tentative and a definitive analysis
will require access to additional data not contained in the
reports to A.I.D. However, the data suggest that water alone was
a sufficient condition to result in decreased diarrheal rates.
The extensive health program and increased use of latrines do not
appear to have resulted in an accelerated trend of decrease on
diarrhea in the last three six-month periods of data collection.
These conclusions if validated in the further analysis based on
more complete data would have far-reaching implications.

^Emphasis added.
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FUTURE RESEARCH

The results reported in this paper represent a reconstruction and
re-analysis of the available data, that available in the various
reports to USAID. A more extensive examination of the data is
warranted. The study has met all the criteria recommended by an
expert panel for measuring health benefits convened by the World
Bank (IBRD, 1976). The data, therefore, should provide the
necessary precision to provide a basis for design of rural water
systems to ensure that they provide the best balance between sys-
tem cost and users' benefits.

The more extensive analysis should provide answers to
specific questions on chlorination, latrines, health education,
and nutrition and how these variables are inter-related. A final
analysis would consist of the construction of multi-way con-
tingency tables that will show health status as a function of
nutritional status, the availability and quality of water, per-
sonal and community environmental factors, socio-economic
factors, family size and season.

Data analysis for this paper was under the supervision of
Joseph Qulnn, survey statistician with the International
Statistical Program Center of the Bureau of the Census who
suggested the methodology and reconstructed the data from the
study reports.

The authors are indebted to a number of people who have read
and commented on earlier versions of this paper. These include
Abel Wolman of Johns Hopkins University; Morris Shiftman of the
University of North Carolina; Boyd McCleary of the University of
Michigan School of Public Health; William Menth of the Bureau of
the Census; Robert Berg, AID, Alfred Buck, AID; Graham Kerr, AID;
F.W. Montanarl, AID; and Barbara Pillsbury, AID.
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APPENDIX A

Calculation of Chi Square

The X statistic is used to compare the differences in diarrhea rates between
the experimental and control villages and is computed as:

C(actual cases - expected cases)
¿- expected cases

The summation is done over the 7 age groups as follows (From Table 7 ) :

Age Group

0-1
1-2
2-7

7-15
15-30
30-45
45+

TOTAL

Observed Cases in
Experimental Village

168
290
461
189
103
68
133

1,412

Expected Cases Based
on Control Village

Rates 1/

174
311
704
315
155
103
129

1,891

(Actual-Expected!
Expected

0.20
1.42

83.88
50.40
17.45
11.89
0.12

X 2 = 1 65 .36 "LI

(1) For example, the 0-1 age group is computed as

(control village rate X total experimental village cases)

0.123 X (168 + 1,249) = 174.29, rounded to 174.

(2) The critical value for this statistic is 18.548 based on 6 degrees of
freedom and a 0.005 level of significance. The X2 statistic obtained
(165.36) is therefore highly significant and indicates extreme differences
in the diarrhea rates between the villages.

CONCLUDING NOTE

There are several alternative formats for making this computation, and in each
instance, the x2 statistic is highly significant. The rationale for the
method chosen is that it is not subject to distortion by the differences in the
proportion of population in each age grouping or the differences in the number
of measurements taken. This method was used for subsequent calculations in
Tables 9, 11, 12, 13, 14, 15 and 16. In each case, the hypothesis being tested
is that there are no difference in the diarrhea rates between the experimental
and control villages. Accordingly, an X2 value over 18.548 (which could occur
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by chance alone only 0.5 percent of the time or one time in 200) indicates that
the hypothesis must be rejected in favor of the alternative hypothesis that diarrhea
rates are significantly different between the experimental and control villages.



APPENDIX B

SUPPLEMENTARY TABLES



B-1

Table 11

Diarrhea Incidence in Females By Age Group Experimental
and Control Community

Age
Group

0-1

1-2

2-7

7-15

15-30

30-45

45-

Totals

Experimental

Cases of No
Diarrhea Diarrhea

76

162

231

116

56

32

80

753

688

614

2,876

4,289

4,122

2,461

2,342

17,392

Rate

99

209

74

26

13

13

33

41

Cases of
Diarrhea

81

151

259

103

91

62

78

825

Control

No
Diarrhea

763

519

2,360

2,443

3,931

2,006

2,205

14,227

Rate

96

225

99

41

23

3 0

34

55

Chi Square value for this table 85.04
Degrees of Freedom 6
Minimum level required (p=.005) to
reject the hypothesis that the
experimental and control rates
are not different 18.548

For additional note, see Appendix A
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Table 12

Diarrhea Incidence in Males By Age Group Experimental
and Control Community

Experimental Control

Age
Group

Cases of
Diarrhea

No
Diarrhea Rate

Cases of
Diarrhea

No
Diarrhea Rate

0-1

1-2

2-7

7-15

15-30

30-45

45+ .

92

128

230

73

47

36

53

561

497

3,060

4,034

4,909

2,353

2,690

141

205

70

18

9

15

19

105

143

317

113

50

41

53

553

512

2,303

3,117

4,386

2,887

2,874

160

218

121

35

11

14

18

TOTALS 659 18,104 35 822 16,632 47

Chi Square value for this table 10 9.51

Degrees of Freedom 6

Minimum level required (p=.005)
to reject the hypothesis that the
experimental and control rates are
not different 18.548

For additional note, see Appendix A
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Table 13

Diarrhea Incidence By Period for Females Experimental
and Control Communities

Season

1 Rainy

2 Dry

3 Rainy

4 Dry

5 Rainy

6 Dry

7 Rainy

TOTALS

Experimental

Cases of
Diarrhea

213

80

114

65

96

85

100

753

No
Diarrhea

2,241

1,807

2,979

2,526

3,088

2,634

2,117

17,392

Rate

87

42

38

25

30

31

45

41

Cases of
Diarrhea

244

98

110

85

107

108

93

845

Control

No
Diarrhea

1,755

1,393

2,297

2,129

2,639

2,188

1,806

14,207

Rate

122

53

46

38

39

47

49

56

Chi Square value for this table 77.96

Degrees of Freedom 6

Minimum level (p=.005) to reject
the hypothesis that the experimental
and control community rates are not
different 18.548

For additional note see Appendix A



B-4

Table 14

Diarrhea Incidence By Period for Males Experimental
and Control Communities

Season

1 Rainy

2 Dry

3 Rainy

4 Dry

5 Rainy

6 Dry

7 Rainy

TOTALS

Experimental

Cases of
Diarrhea

203

66

92

56

91

69

82

659

No
Diarrhea

2,394

1,728

3,003

2,556

3,349

2,761

2,313

18,104

Rate

78

37

30

21

26

24

34

35

Cases of
Diarrhea

205

95

104

104

121

93

100

822

Control

No
Diarrhea

2,153

1,673

2,777

2,475

3,097

2,559

2,098

16,832

Rate

87

54

36

40

38

35

45

47

Chi Square value for this table

Degrees of Freedom

Minimum level required (p=.005) to
reject the hypothesis that the
experimental and control rates are
not different

For additional note, see Appendix A

65.21

6

18.548
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Table 15

Diarrhea Incidence By Period in Families With Five Or More Persons
Experimental and Control Communities

Season

1 Rainy

2 Dry

3 Rainy

4 Dry

5 Rainy

6 Dry

7 Rainy

TOTALS

Cases of
Diarrhea

349

123

164

67

141

114

147

1,105

No
Diarrhea

3,485

2,681

4,533

3,882

4,887

4,098

3,354

26,910

Rate

91

44

35

17

28

28

42

39

Cases of
Diarrhea

347

142

148

124

158

145

156

1,220

No
Diarrhea

2,775

2,193

3,641

3,311

4,115

3,400

3,780

22,215

Rate

111

61

39

36

37

41

53

52

Chi Square value for this table

Degrees of Freedom

Minimum level required (p=.005) to
reject the hypothesis that the
experimental and control rates are
not different

For additional note, see Appendix A

107.68

6

18.548
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Table 16

Diarrhea Incidence By Period in Families With Less Than Five Persons
Experimental and Control Communities

Experimental

Season

1 Rainy

2 Dry

3 Rainy

4 Dry

5 Rainy

6 Dry

7 Rainy

TOTALS :

: Cases
: of
Diarrhea

67

23 :

42 :

54

46

40

35

307 :

: No
Diarrhea

1150

864

1149

1200

1550 :

1297

1076 :

8586

Rate

55

26

28

43

29

30

32

35

Control
Cases
of

Diarrhea

82

51 :

66

65 :

70 :

56

37 :

427 :

No
Diarrhea

1153

873

1433

1293

1621

1347

1124

8844

: Rate

66

55

44

: 48

41

40

32

46

Chi Square value for this table . 33.98

Degrees of Freedom 6

Minimum level required (P= .005) to
to reject the hypothesis that the
experimental and control rates are
not different 18.548

For additional note, see footnote
Appendix A
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STUDY METHODOLOGY

Data Analyses For Morbidity-Sanitation-Water Associations

The combined census, morbidity, and sanitation data have been examined

quite extensively by general linear and categorical models in an attempt

to reveal any significant relationships between any of four types of morbidity

and any of the study's measures of household sanitary quality or changes

in sanitary quality. All of the analyses were adjusted for known "noise

factors" such as month-to-month variability or seasonal differences. The

analyses also included adjustments for, or took account of, factors such

as age, sex, size of family and village, which are believed to influence

morbidity. The results were adjusted for these factors so that the effects

of sanitation could be estimated and tested "clearly", free of the possible

effects of other characteristics, which might also affect morbidity. Four

classes of morbidity were examined exhaustively: skin infections, infectious

diseases, respiratory diseases and diarrhea. The sanitary measurements, which

were examined, came from three survey instruments (see Methodology): Monthly

Sanitation Survey (Form 32), Water Consumption and Usage (Form 37) and Water

This section is extracted from Final Report to the Agency for International
Development, Department of State, Results of the Field Studies, University
of North Carolina at Chapel Hill and Institute of Nutrition of Central
America and Panama, pp. 41-62 (Table and Some References Deleted).
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Quality Survey . , .

Unfortunately, perhaps, the results of these analyses may be succinctly

summarized. The variables which were "controlled for" in the analyses,

such as age, community, month (or quarter or season), and size of family

were typically shown to have discernable effects on morbidity. The sizes

of the estimates of the effects were different for the different types

of morbidity and also varied from analysis to analysis, depending upon the

"adjustment variables" being used.

In contrast, there were no sanitary status variables which showed

persistent effects on morbidity. That is, if a statistically significant

effect was found in one group, the effect would not be significant for another

related group, as for example, a group with identical characteristics

except for a difference in age or sex. Moreover, when statistically significant

effects were plotted on graphs, the "effects" proved to be very indefinite.

One can conclude from these analyses that changes in sanitary quality

of the magnitude observed in these villages did not produce striking changes

in morbidity over the relatively short period of this study. Some very

small trends or associations with sanitation may have been detected.

For example, increased water consumption in Guanagazapa was associated with

decreased diarrhea and skin infections in children aged 13-24 months,

but the trends or associations are so small that it is not possible to

"separate the signal from the noise." A large number of statistical tests

were performed in these analyses and the proportion of "statistically

significant" test results was near 5%, about what would be expected when

testing at the 5% significance level. It was therefore difficult to determine

if effects, such as the one noted above, are real or the result of random

variability. Using scatter diagrams, in which morbidity is plotted against
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water consumption [actually, Io9i0 water consumption], it is apparent that

even if an effect exists, it was quite small over the time period of this

study and is masked by random variability in morbidity experience.

A comprehensive description of one statistical analysis, which indicates

the complexity of the models and the number of variables involved, is presented

here. This type of analysis was done for all variables of interest.

1. General Linear Model Analysis of Family Monthly Morbidity Data for

Associations with Monthly Sanitation Survey Variables

The influence of water consumption and sanitary behavior upon morbidity

was examined using the monthly family morbidity data. For each family,

morbidity rates were computed each month for four categories of morbidity

(respiratory diseases, skin infections, diarrhea, and infectious diseases).

In this analysis, observations on a particular family in different months

were treated as independent. For three of the disease categories (skin

infections, respiratory diseases, and infectious diseases), the empirical

evidence (i.e., month-to-month correlations over families) indicates that

this assumption is justified. For diarrhea, correlation of "within family

morbidity" was found, but the magnitude was so small that the effect on

the results is minor. It should be noted that the effect of such correlations

would be to increase bias in the tests of hypothesis. Thus for

diarrhea, marginally significant results must be viewed with some

caution,

General linear model techniques were used to examine the effect of

the various predictor variables ^n th* morbidity rates. The factors studied

were:

a. Village. Florida Aceituno versus Guanagazapa

b. Family size. 1, 2, 3, 4, and 5+ family members
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c. Month. Thirty-five calendar months for which morbidity data were

available

d. Sanitary Condition Variables. An indication of whether or not a

sanitary survey (Form 32) was made on this family during the month

and, if so, sanitary condition as assessed by each of eleven questions

from Form 32.

e. Longitudinal Sample Membership. An indication of whether or not

this family was a member of the longitudinal samDle.*

f. Water Consumption (in Guanagaza only). An indication of whether

or not the family had piped water, and if so, monthly water consumption.

For each of these factors, a number of indicator variables were created.

The precise form of these variables will be described in a subsequent section.

In the course of the preliminary examination of these data, it became

evident that the variance of the morbidity rates changed as a function of

family size, large families showing greater variability. In order to

deal with this, it was necessary to use weighted least squares techniques,

a straightforward generalization of ordinary least squares....

2. General Description of the Models_ Fit

For practical purposes, one can consider that eight separate models

were fit, one for each of the four morbidity categories in each village.

At a later stage, the two "within village models" for each morbidity type

were combined in order to assess interactions of the various other factors

with village. The general structure of all eight models is identical. The

model described in this section is thus the model applicable in each case.

The form of the model is:

*The longitudinal sample is described in the Methodology report for the
project. Membership in the sample is based on the participation cf a family
member in the Detailed Absorption Studies. •••
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Y - s X -g, = e, , i = l , 2 , . . . , N .
i j = 1 ij I 1

Ŷ  Is the observed morbidi ty rate fo r the i - th family in a spec i f ic month

( i n FA, N=7715 observations; in GU, N=7619 observat ions). X . . i s the value

of the i - t h observation ( fami ly for a par t i cu la r month) on the j - t h " inde-

pendent va r iab le " . These independent variables were computed from the factors

l i s t e d above and described in the next sect ion. In Florida-Aceituno 63 such

variables were used while in Guanagazapa 65 were used.

e^ - Y,. - z. X̂  ,B, is the observed morbidi ty rate (Y. ) minus the "model

predicted" morbidi ty r a t e , z . X . £ .. We assume e. is random and arises from

a d i s t r i b u t i o n wi th a zero population mean and a population variance which

depends upon community, family s i ze , and type of morbidi ty ra te .

I t is not possible to know the exact values of the B-, the model's

primary parameters. The method of weighted least squares is used to estimate

the 8. and the estimate of &. i s ca l led b. . The precision of the estimate,
J J J

b., is indicated by its standard error.

3. Description of Independent Variables in the Model and Corresponding

Primary Parameters

One or more independent variables were created from each of the factors

listed above. Most of these were "indicator variables" which take on only

values of 0 or 1. For example, one independent variable in the model was

an indicator variable which corresponds to longitudinal family membership.

This variable has a value of 1 if the observation comes from a longitudinal

sample family and 0 otherswise. In some cases, more than one indicator

variable was generated corresponding to family size. Every observation

has a 1 in each of the indicator variables, its position depending on the

number of people in the family. ...
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TABLE IV. 15

Formation of Family Size Indicator Variables

Indicator Variable

1 2 3

Family
Size

1

0

0

0

0

0

1

0

0

0

0

0

1

0

0

0

0

0

1

0

Corresponding to each such variable is a g., one of the primary para-

meters. The model parameters, rather than the study variables, are used

here because they are more meaningful.

The primary parameters were grouped to represent the effects on

morbidity attributable to:

a. Family size (Variables: vvFAMl - vvFAM4)

b. Calendar month (Variables: vvMNTHl - vvMNTH35)

c. Environmental conditions (Variables: vOBSFAMO - vLATCLl)

d. Participation in the environmental survey (Variable: vHAV32)

e. Membership in the longitudinal sample (Variable: vLNGSAMP)

f. Having piped water and water consumption (Guanagazapa only).

(Variables: GHAVWAT, GLOGFMWT).

[Note: vv denotes the letters FA or GU; v denotes the letter F or G, depending

on the village involved.]

Monthly "Adjusted" means

The data for this analysis included 35 calendar months and the model

includes one parameter for each month. The estimate of the parameter

corresponding to a particular month is the adjusted mean morbidity rate
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for the month for families satisfying the following conditions:

a. Family size: 5 or more

b. Month: the specified month

c. Environmental conditions: not surveyed

d. Participation" in environmental survey: Not surveyed

e. Membership in longitudinal sample: Family not in longitudinal

sample

f. Piped water supply: Family does not have access to piped water

supply

These conditions are called the "reference levels" of these factors.

For practival purposes, a separate model was fit to data from each

of the two villages. Each monthly mean was "adjusted" for the other

variables to reflect the values of the six variables given above. Thus,

for example, the adjusted mean diarrheal morbidity rate for Guanagazapa

families in May 1973 (month 7305) was 35.9 ± 7.2(adjusted mean ± standard

error) incidents reported per thousand persons (Figure IV.12) while the

corresponding rate in June, 1973 (7306) was 130.5 ± 7.1 (adjusted mean ±

standard error). The corresponding rates in Florida Aceituno (Figure

IV.12) were 52.9 ± 8.4 in May 1973 and 168.4 ± 8.3 in June, 1974. . . .

The parameters (and estimates) corresponding to family size represent

the average difference in morbidity rate between families of a given size

and families having 5 or more members if all other factors are equal. Thus,

the coefficient for family size = 1 ••• has a value of -25.8 ±

4.4 (coefficient ± standard error). This means that in Guanagazapa, other

factors being equal, single-person families had an average diarrheal
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morbidity rate 25.3 ± 4.4 units below the rate for Guanagazapa families of

5 or more persons. Similarly, the family size =2 coefficient indicates

Guanagazapa families of two persons had an average diarrheal morbidity rate

10.3 ± 4.1 units below the rate for Guanagazapa families of 5 or more persons,

Families of 3 persons and those of 4 persons had essentially the same rates

as the 5+ person families, the estimated difference being 0.4 ± 3.9 units

lower for size 3 families and 1.4 ± 3.6 units higher for 4 person families.

Table IV.16 presents the increments for mean diarrheal morbidity rates for

families of sizes 1,2, 3, and 4 compared to families of 5 or more persons

averaged over months and for "reference levels" of the other factors.

The parameter corresponding to longitudinal sample membership

represents the average difference in morbidity between families in and

not in the longitudinal sample, holding the other factors constant at

their reference levels. Thus, one can see from Table IV.16 that, in

Guanagazapa, mean diarrheal morbidity for families in the longitudinal

sample was 2.2 ± 2.6 units higher than the rate for families not in the

sample. In Florida Aceituno, families in the longitudinal sample had

mean diarrheal morbidity rates 2.9 ± 2.8 units higher than those not in

the longitudinal sample, with all other factors again held constant at

their reference levels.

One parameter in the model corresponds to the incremental effect

on morbidity of having been surveyed with a Form 32 in a given month in

comparison to the reference condition of not having been surveyed. Thus,

on the average ... families who were surveyed had diarrheal

morbidity rates 118.3 ± 71.6 units higher in Florida Aceituno and 1.5 ±

108.7 units lower in Guanagazapa than families who were not surveyed.
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In addition, the model has 11 pairs of parameters, each pair corres-

ponding to one sanitation variable from Form 32. The reference level for

each Form 32 variable is "not surveyed". For each variable, the first

of the two parameters represents the increment in morbidity associated

with a negative response for the particular Form 32 variable. "Negative

response" means that response which, for any particular item, corresponds

to a less sanitary condition regardless of whether this was coded as a

yes or a no answer to a particular sanitary condition. Diarrheal morbidity

for families in Florida Aceituno with a negative response to the variable

K_FLIES (i.e., families who had flies in the kitchen) was on the average,

6.1 ± 16.5 units lower than that for families who were not surveyed (Table

IV.17). The second parameter represents the increment in morbidity

corresponding to a positive response in relation to the negative category

(not in relation to the reference level). Thus, families with a positive

response to K_FLIES in Florida Aceituno had a mean diarrheal morbidity

rate -10.5 ± 7.9 units lower than families with a negative response. For

K_/LIES, then, the average difference in diarrheal morbidity between the

families not surveyed and those with positive responses is 6.9 ± 10.5 =

17.4 units. The pairs of parameters for the ten other Form 32 variables

were defined by the same analogy.

In Guanagazapa, the model has two parameters for water consumption.

The first is simply the incremental effect of having a water tap beyond

the reference level of "no tap". Families with a water faucet had an

average rate of diarrheal morbidity 20.5 ± 15.1 units higher than that

of families without. The second water parameter is the coefficient

of the 1og,Q of the monthly family water consumption in liters per person

per day. Thus, it is the slope of a regression line relating morbidity
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rate to amount of water consumed. The estimate of this slope is -6.3

± 3.8 units for this effect. Hence, the trend of the relationship is for

diarrheal morbidity to decrease as water consumption increases (with

all other factors held constant).


