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PREFACKE

Attributing authorship of a report that includes the thoughts and
| perspectives of a great many people is a difficult task. The primary
responsibility for the document rests on the three people whose major
commitinent over the past four years has been to this project: William D.
Drake, principal investigator; Roy I. Miller; and Margaret H. Humphrey.
However, the contributions of the many other people, who in some way
touched this project, were essential for its success.

Almost everyone at Community Systems Foundation contributed time,
and more importantly, wisdom to this project. Heading the list is John
Nystuen, who played two critical roles—primary liaison with the PRIMOPS
intervention, and constant participant in the conceptual development of the
project. The clear thinking of Don Schon assisted in the development of a
framework for organizing the entire effort. John Field added the
perspective of the political scientist and made the KOTTAR data set and
connection "happen." Dean Wilson provided a constant reminder of the
need to blend empirical work with well-thought-out theory. Barton
Burkhalter had a wealth of experience in evaluation work—especially in the
area of nutrition. Luis Fajardo brought his knowledge of the medical
reality of malnourishment and helped place analyses of data in the context
of that reality.

Richard Paullin, Martha Gregg, Robert Pestronk, and David Sahn, the
CSF people whose primary effort is directed toward publishing the
Nutrition Planning journal, shared their knowledge of the literature.

Similarly, other CSF regulars, James C. Eckroad and David Nelson,
contributed the knowledge gained through their own activities. Even the
expertise of the CSF Board of Trustees was sought and supplied as
Frederick Goodman, Merrill Flood, Robert Farrell, and William J. Horvath

addressed analytic issues of particular interest in their own work. Other



consultants to CSF were "tapped" when possible—Bill Bertrand, Alberto
Pradilla, Gloria Quintero, and James Koopman.

The project also utilized some expert "student help" from the University
of Michigan. Tasks ranging from data cleaning to analysis, literature
review, and map making were tackled by Stephen Hynson, Than-Long Ton-
That, Glenn Melnick, Mutombo Mpanya, Barry Rose, Robert Tilden, Victor
Santiago, Eileen Trzcinski, and Janet Wilson.

Of course, nothing could have happened without the change agents—the
field people who contributed their data, time, and experience. These
include Jamie Rodriguez (Colombia), Alfredo Aguirre (Colombia), Ramiro
Munoz (Colombia), Giovanni Acciari (Colombia), Fred Hartman (Brazil),
Mary Hartman (Brazil), Steve Alexander (Brazil), Norma Pereira (Brazil),
Kate Burns (Brazil), Chuck Post (Brazil), Father James Tombeur (India),
Sister Godelieve VandeWalle (India), Zafulla Choudry (Bangladesh), and Thad
Jackson (Bangladesh).

Phyllis Dobyns of Save The Children was the instrumental link to the
several SAVE interventions reviewed during this project. SAVE field people
included Chris and Gary Schaye (Dominican Republic), Jose Andy Rubi
(Honduras), Alex Corpeno (Honduras), George Moore (Honduras), Marty and
Ruchire Poland (Indonesia), .Nancy Terreri (Indonesia), Siti Sundari
(Indonesia), and Alton Straughan (Bangladesh).

Several of the data sets came to us from American colleagues who had
developed those data sets in their own work. Stanley Gershoff and Robert
McGandy conducted the rice fortification program in Thailand. Merlyn
Vemury made the CARE data set available to us.

Finally, the US/AID staff in Washington was very helpful. Martin J.
Forman, Director of the Office of Nutrition, spent many days with us
sharing his knowledge of the field as well as his perspective as a US/AID
official. Other AID staff, especially Carol Adelman, Harold Rice, Jim
Levinson, Robert Pratt, Mary Ann Anderson, and Hope Sukin always had
time to talk and a willingness to share their substantive knowledge as well

as their administrative skills.
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SUMMARY
ANALYSIS OF COMMUNITY-LEVEL NUTRITION PROGRAMS

I. INTRODUCTION

For the past four years,an interdisciplinary research team has been
studying community-level nutrition interventions condueted in the
developing world. The purpose of this project was to gain a clearer
understanding of which community-level program characteristics result in
improved nutritional status of children. A complementary objective has
been to further develop the methodology of program evaluation, and report
these findings in a manner which would assist both ongoing and future
programs in accomplishing their goals.

The investigation has included a substantial revicw of the
methodological literature, studies of existing project reports, numerous
visits to ongoing projects and, most important, an in-depth analysis of
seven different projects. All of these in-depth studies had substantial
amounts of longitudinal anthropometric measures of child nutritional status,
varying amounts of other health data, and socio-demographie,
environmental, and program information. In several instances, the research
team mounted a supplementary data-gathering effort to fill critical gaps in
knowledge about the project and the setting in which it took place. In
half of the cases, field teams were placed on site for several months at a
time.

The numerical data from the projects were put through exhaustive error
detection and correction procedures, both manual and computer based, and
then placed in a newly developed data base management system. This
system allowed the research team to retrieve efficiently subsets of the
data for subsequent manipulation. Over 50 different anthropometric
standards were compiled, and several of the most frequently utilized ones
were entered into the data base management system, thereby facilitating

iii



comparative analysis. The development of this approach to handling data
was especially important because of the complexity of some of the
required manipulations and the large number of variable observations—over
four million. A description of this versatile data base management system
anid the many computer subroutines associated with error detection and
correction is contained in Volume 7 of this report.

Numerous methodological techniques were used in the analysis of the
data, ranging from very simple techniques appropriate on site in the field
to the most sophisticated nonlinear multivariate procedures. In many
instances, parallel analyses were performed on the same data, using
different techniques to see the similarities and the differences in outcome.
Efforts were also undertaken with varying levels of "cleanliness" in the
data to see the relative merit of expending resources on the cleaning
process. Members of the research team with different disciplinary
backgrounds and viewpoints performed different styles of analysis in
addition to alternative methodoiogical techniques. These results were then
reviewed with intervention project personnel and field staff as well as with
the rest of the research team.

Considerable emphasis was placed on developing a comprehensive system
for rapidly retrieving data from the field, converting it to machine-
readable form, performing error detection and correction schemes, entering
it into the data base management system, performing alternative analysis,
and writing a brief report on the results. This system allowed us to
experiment with various information feedback procedures. In the early
stages of the research project, it tock several months to carry out all of
the aforementioned steps, but now, after three years of development, we
have experienced turnaround times of less than one week for a typical set
- of data consisting of approximately two thousand observations.

The conclusions stemming from this research project fall into two
general categories: (1) methodological; and (2) substantive. While it is
useful to distinguish between the two types of conclusions, there are also
areas of heavy overlap. That is, effeciive evaluative methodologies are

dependent on the nature of the intervention, while the efficacy of the
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intervention is, in part, determined by the type of self-evaluation and
feedback utilized.

II. FINDINGS REGARDING EVALUATION METHODOLOGIES
Determining whether a community-level nutrition project helped reduce
malnutrition is not a simple task. One must first measure the change in
nutritional status in’ the community or participants. Then, one must
attribute the observed change to the project. Neither task is simple.

A. Measuring Outcome
For convenience, let us partition our findings with regard to measuring
change or outcome into three groups. The first group of findings identify
problems inherent in the mathematics and definitions of change in
nutritional status. These cannot be "corrected" but can, at least, be

acknowledged.

1. In research strategy that compares groups—for example,
participants to nonparticipants, or "tefores" to "afters"--
misclassification of cases will always create a situation
where the observed difference between groups is less than
the true or actual difference. When the usual procedures
are used to define malnourishment by comparing observed
anthropometrics to accepted reference standards, there is,
by definition, some such misclassification. Some small but
healthy children will be called malnourished; other large
but sick children will be called normal.

2. The magnitude of the understatement of differences is
directly related to the degree to which children are
misclassified. Unfortunately, additional misclassification
arises because measurement techniques are also imperfeect.
Therefore, inaccuracies in weighing children, determining
their height, or calculating their age contribute further to
the understatement of differences.

3. Some program impacts often go undetected because
anthropometric measures of nutritional status fail to
capture the complete effect of an intervention upon
individuals—especially individuals who have suffered chronie
malnourishment. Children severely malnourished for
sustained periods in early life may simply be unable to
achieve the recuperative growth necessary to display



nutritional improvement with regard to a growth standard.
Thus, lack of growth does not directly indicate lack of
program impact. Children suffering chronic malnutrition
may experience improvements with regard to metabolic
rate or level of activity but not with regard to growth.
Consequently, analysis based on anthropometries tends to
underestimate the true effect of an intervention.

The second group of findings is directed toward the vagaries of
statistical analysis. These illustrate how the subjective judgments of any
analyst can bias the determination of outcome.

4. Results of analysis are influenced by the anthropometric
standard applied to determine nutritional status. Local
standards that account for genetic or cultural differences
in populations may yield different nutritional profiles than
would a generalized standard calibrated to healthy North
American populations. The application of a sex-
differentiated standard, rather than a unisex standard, can
actually shift results from significant to insignificant.

5. Differences in nutritional profile resulting from different
reference standards are further exacerbated by the
selection of "cut-points" to define malnutrition. For many
nutrition interventions, changes in the mean percent of
standard achieved by the target population are only one of
a series of important indicators of impact. Changes in the
seriously malnourished (Grade III) or the children most at
risk (Grades II and III) may be more relevant, and, of
course, the definition of these groups depends on the
choice of "eut-points."

6. Analytic results can be changed not only by changing
reference standards and cut-points but also by changing the
statistical tests and/or the "artistic" selection of variables
to be included in the analysis. The rationale for the
selection of tests and variables should be well stated by
any analyst and, where possible, the model and associated
statistical tests used in analysis should be stated in
advance.

The last group of findings with regard to measuring outcome identify
problems which are, in theory, correctable by proper field protocol.
Realistically, however, one must acknowledge that in most interventions in
the developing world, perfect field protocol will never be attained.
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7. Most anthropometric assessments derive nutritional status
by comparing an observed measurement with a reference
standard specified by age of child. Although this
assessment requires a precise determination of child-age in
months, in many cultures of the developing world there are
enormous problems associated with obtaining correct
birthdates. Births frequently go unregistered because
children are born at home, and incentives often exist to
under-report age so that the child may remain eligible for
program benefits.

8. Accurate measures of weight and height are also difficult
to obtain in communuity-level interventions. Not only are
the delicate scales used for weighing difficult to maintain
in a field setting, but measures of height often become
approximations as field workers struggle with squirming
children.

Since it is unrealistic to presume the elimination in the field of these
measurement problems, the analyst must recognize that underreporting of
program effects will occur; and the greater the accuracy problems, the
greater will be the underreporting as described in #1.

B. Attributing the Outcome to a Cause

The difficulties of determining whether there was an improvement in
nutritional status of the target population is only one component of
program evaluation. A more important issue is the attribution of the
observed change to a cause: whether the cause is the intervention itself
or some other phenomenon that happens to be occurring during the same
time period. In all cases there are other possible reasons (besides the
intervention itself) that compete with the program for explaining why the
change occurs. While the list of all potential competing explanations is
impossible to enumerate, seven general categories of competing
explanations have been identified:

l. Changes in environment. The environment (social,
economie, political, and physical) upon whiech each
intervention is superimposed is constantly changing--
sometimes gradually (e.g., inflation, introduction of other
government services, ete.) and sometimes suddenly (e.g.,

drought, military upheaval, ete.). Changes in the
environment often affect nutritional status more than any
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intervention ever could.

2. Changes in population age. The demographic make-up of
study populations changes over time. This is particularly
important with respect to the aging of children. One
obvious relationship randomly found in the data is the
"eycle" most children live through of deteriorating
nutritional status after weaning, followed by natural
improvement. The net result of this cycle is that any
group of two-year-olds will look "better" by the time they
are four. Mortality, especially among those suffering from
severe malnutrition, further complicates efforts to observe
the same group of children at different points in time.

3. Change in target populations. Above and beyond the
natural aging of populations, the composition of a target
population changes—through in-migration, out-migration, and
death.

4, Changes in selection criteria. In most programs, especially
ones emphasizing service rather than research, participants
are not selected randomly. Rather, thev are selected
because of willingness to participate, proximity to the
service provider, religious affiliation, or caste. As the
intervention proceeds, the selection criteria may change,
with a consequent change in the apparent outcome.

5. Age of project. The skill level of staff members, the
enthusiasm of staff members, the resources available to a
program—these elements are constantly changing and could
underlie observed changes in impact measures.

6. Changes in data reliability. Data-gathering procedures
atrophy (measurement and recording gets sloppy) if data
are not used. When data are used for decision-making, the
reliability often improves. Either way, outcomes observed
over time can reflect qualitative changes in the data and
not true program-related changes.

7. Hawthorne effects. The mere presence of a program may
cause changes in the behavior of a population, independent
of the content of the program; these changes, in turn, may
be sufficient to generate changes in the selected outcome
measure. :

The traditional seientific "solution" to resolving which competing
explanation is the cause of program impact has been to use controlled

experiments—either statistical controls or paired populations. However, our
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investigations both of the literature and of our own data sets reveal no
instance in the developing world where controlled experiments have been
successful in resolving—unambiguously—the attribution of an outcome to a
cause. Furthermore, we found that often the more important the variable
in determining an outcome, the more difficult it is to quantify, thus
limiting the usefulness of numerical analysis by itself.

Table 1 is a synopsis of the characteristics and findings of eight of the
studies we have analyzed using primary data. Each data set has its own
unique properties and relative strengths and weaknesses. In all instances
there was some evidence of favorable change in the service area.
However, in three of the eight cases, this change was most likely due to
factors not related to the intervention. In the fourth, our confidence in
attributing the change to the intervention was wegk. Volumes 2 through 6
report these case studies.

The judginent, experience, and "feel" of project personnel and others
was absolutely essential in performing, interpreting, and analyzing the
numerical data. In no case was the research team able to fully understand
its analysis until it had been reviewed by people in the field. Even though
at least one person from the research team had visited each intervention
site prior to analysis (and in several cases spent considerable time learning
about the intervention and its environment), only field people could truly
understand why trends in the data appeared. Successive cycles of analysis,
review, and further anaiysis were necessary to reduce the arrav of
competing explanations to the point where it was possible to incorporate

the project staff's judgment and arrive at a satisfactory conclusion.

C. The Consequent Approach to Analysis
The aforementioned methodological findings caused the research team to
evolve a philoscphy and approach to evaluating that resolves many of the
issues in a useful manner. In the final year of the project, portions of
this methodological approach were tested by application to several of the
interventions studied in depth. The approach can be summarized as

follows:

ix



TARLE 1

SYNOPSIS OF CHARACTERISTICS OF SELECTED PROGRAMS USING PRIMARY DATA

Name & Location Approximate Observed Possible Maost Likely Confidence Tvpe of
Population Outcome Attributions Attribution(s) of Control
Observed or Explanatlons Attribution Utilized
& Period of Data for Qutcome
e Malnourishment e Program effeets
) dropped from e Improvement In environment
Cnandelaria, 1200 families 29% to 21% ® Reduction in disposable income Promotora Program Strong Reflexive,
Colombia (1968-1979) (25% reduction) e Aging population elfects statistical
o Diarrhea e Target population change
prevalence e Selection biases
decreased
® Reduced diarrheal o Program effects Synergism between Participants
Candelaria, 50N families disease e Target population change Promotora Program Strong & nonparticipant
Colombia (1976) ® 30% reduction in ¢ Change in environment and other programs groups
(Revisited) pregnancy rate (statisticai)
o Malnourishment ¢ Prozram effects Program effects
Kottar Social 4000 families dropped from e Environmental changes and/or Reflexive,
Services Society in 21 villages 50,2% to 42.5% (drought) improved Strong statistical
Tamit Nadu, India (1975-1977) (15.3% reduction) s Aging population environment
e Selection biascs
o Malnourishment e Program effects Program effects Treated
Esperanca 460 children dropped from ¢ Fconomic conditions improved combined with & untreated
Santarem, Brazil in 4 villages 48% to 33% in ¢ Environmental conditions improved economic Moderate communities,
(1977-1979) program village s Aging of population conditions statistical
(31% reduction)
o Malnourishment e Program effects Program effects
Primops 11700 children dropped (rom e Change in target population combined with
Cali, Colombia (1976-1977) 31% to 27% ¢ Improvement in water & sewer improvements in Moderate Reflexive,
(13% reduction) e Population aging environment and statistical
target population
Rice 1200 children ® Slight reduction e Fconomic improvetnent Variouslv treated
Fortification in 29 villages in ® Environmental changes Environmental Moderate communities,
Project {(1971-1975) malnourishment ® Program effects changes reflexive,
Chang Mai, Thailand statistical
e Slight reduction e Aging population
Community 500 children in o Program effects Aging population Reflexive,
Development in t1 villages malnourishment ¢ Environmental conditions changed combined with Weak statistical
Project (1977-1979) ® Selection biases program effects
‘Tanese, Indonesia . ® Target population change
¢ Malnourishment ¢ Tarpget population change Selection hiases
Commnunity 500 children dropped from ® Sclection bias combined with
Development in 11 villages 28.9% to 23.1% ® Drought condition changes possible changes Modernte Reflexive,
Project (1977-1978) (20% reduction) ® Prorram elfects in target statistical
Pespire, Honduras population and
environmental
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1. Recognize at the onset that except in rare instances, it
will not be possible to build a completely solid analytical
conclusion regarding the causes of a change in the target
population, whatever the experimental design.

2. Given this indeterminacy, base an evaluation and feedback
scheme upon a realistic appraisal of: (a) the resources and
financial constraints on the project, and (b) the best way
of building evidence for attributing the outcome(s) to a
cause. This approach certainly involves experimental
design issues, and data gathering and processing
consideration, but also includes schemes for incorporating

less quantitative and more judgmental factors as well.

3. Plan at the onset for successive cycles of analysis and
project staff review. Modification of the data collection
scheme and/or types of analysis should be made during
these periodic reviews.

| III. SUBSTANTIVE FINDINGS

A. PFindings with Respect to Process
The substantive findings of the research team reflect many of the same
issues that affected the methodological study. The same issues that
confound analysis of data also confound efforts to run a good nutrition
intervention. Several general conclusions relating to all of the
interventions studied act as a starting point for discussing findings:
l. The setting in which a community-based intervention is

carried out will most likely change in major ways during
the course of intervention.

2. While the state of the art of community-level problem
diagnosis has improved recently, it offers at best only &
first approximation to an understanding of the specific
causes of malnourishment at the local level.

As a consequence of these two observations, the following conclusion
can be drawn.
It is virtually impossible to derive, in advance, an

intervention strategy capable of producing optimal results.
At best, one can arrive at a good initial plan. A strategy
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invoking mechanisms for modifying the intervention as time
progresses is needed to enable successive shifts toward the
optimal intervention in response to the continually changing
program setting.

If one accepts the notion that a good intervention is one that builds in
mechanisms for self-evaluation and improvement, one must then articulate
which components of an intervention contribute to its ability to change in

a positive way. These are:

e If the designers of an intervention articulate a theory of
the causes and effects of malnutrition in their
communities, they are more likely to identify viable
strategies for combatting that problem. The theory
provides a framework for selecting program components
and assessing their impact.

® A nutrition program capable of monitoring and evaluating
itself is more likely to reduce malnourishment than one
that does not have this capability. If the environment
changes and first solutions are approximations, data
gathered on-scene serve as the best sources to guide
informed program modification.

e While sophisticated analytic schemes are sometimes helpful,
simplicity at the onset is always a virtue. The use of
simple two-way contingency tables wherever possible
facilitates participation of project personnel who may not
be versed in the tecnnologies of numeric assessment.
Graphic representations of the relationship between
malnourishment and age in a population, which we call
characteristic curves, should be generated to portray
nutritional status in a manner which incorporates the
changes in nutritional status due to aging of the child.
These characteristic curves were used in the early stages
of each of our analyses and were found to be easily
understood by field-level personnel. In addition, they were
found to be readily constructed under field conditions,
thereby facilitating speedy analysis.

e Nutrition interventions that emphasize local involvement,
both in design and implementation, are more likely to
succeed than ones that do not. Local people are most
capable of understanding their environment and can sense
what will work in that environment. Furthermore, support
of the local infrastructure is often critical for success, and
support usually follows involvement.
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e A nutrition intervention director who attempts to promote
linkages with nonlocal systems raises the likelihood of
reducing malnourishment at the community level. The
additional resources derived through such linkages--
knowledge, money, and materials—can greatly facilitate the
implementation of locally derived plans.

In summary, successful community-level intervenors embrace a process
that uses an incremental approach to problem-solving, whereby the
evaluation of outcome information and process data guides the choice of
successive inerements. Furthermore, those same successful intervenors use
local resources and involve local people as much as possible while retaining
viable ties to the outside world to keep valuable resources flowing into the

community.

B. PFindings with Respect to Content

Thus far, the findings of the "analysis" project concerning components
of interventions have dealt with process--not content. Most casual
observers might be surprised by this. Analysis or evaluation is usually
taken to mean "Does a latrine program improve nutritional status?", or
"Does tuke-home food supplementation work better than food supplements
given at & central place?" This selected emphasis on process is by design.
Problems in different locations are different. Personalities and skills for
different interventions are different. There can be no absolute statement
about what works, because of the importance of the local context.

Since there are such complex local and regional factors that determine
the efficacy of a particular program or program component, we favor an
approach that draws upon the current literature and professional expertise
to formulate possible intervention designs--but only as a first
approximation. Care in drawing upon previous work should be taken to
ensure: (1) the comparability of the settings, and (2) an assessment of the
amount of evidence in support of a causal link between the observed
outcome and the intervention. Often if the aforementioned competing-
explanation methodology is rigorously applied, ambiguities become more
apparent than as reported in the reference documents.
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Still, some things can be said about specific issues. Chapter VI
discusses uses of food supplementation, health (both preventative and

curative), environmental conditions, and family planning components.

IV. A RAPID INFORMATION FEEDBACK SYSTEM (RIFS)

There is a surprising congruence between the methodology proposed for
analysis and the process proposed to enhance the probability of creating a
successful community-level intervention. Both call for ongoing longitudinal
data collection. Both call for periodic analysis of data by both the
analysis team and the field staff. Both call for modifications as more is
learned about data needs and competing explanations of outcomes. The
distinetion between the two (it is not a difference, merely an extension) is
that the self-monitoriny and evaluation process for program planning
incorporates the resuits of the analysis into action in the field, not only in
published reports. v

An interesting consequence of the decision to utilize data analysis to
guide programmatic decisions is that the data are of higher quality and the
aralysis is subject to greater scrutiny. A "live" data set, in the sense that
its analysis will contribute to program decisions that affeet the data
gatherers, will locate sources of errors and create a reason for the
elimination of those errors.

We have come to call such a "live" data gathering and analysis sytem,
placed in the context of program planning and management, a Rapid
Information Feedback System (RIFS).

In summary, the following is a list of steps to be taken to implement a
Rapid Information Feedbacx System:

1. Develop a logical construct of the "nutrition system" in a

community and design a data collection system that
captures key variables.

2. Prior to initiating the intervention, develop a system (set
of programs) to clean and validate data--preferably one
that can be operated 4s close as possible to the source of
the data in both time and place.

xiv



3.

Analyze the data:

a. identify competing explanations for observed outcomies
from preliminarv analysis;

b. use simple and/or more complex analysis to eliminate
implausible competing explanations;

c. review analysis results with field staff.

Modify both the data system and the intervention in
response to insight gained from analysis.

Iterate steps 3 and 4, using an ongoing data collection
process, recognizing continuously that while local
intervenors may not have a worldly perspective, they do
have the rich substantive knowledge of their community
that must be recognized and utilized.
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CHAPTER I
INTRODUCTION

PROJECT OBJECTIVES

Assisting developing countries through nutrition intervention programs is
a very serious undertaking: people's lives are at stake. Perceiving that to
improve the quality of assistance provided requires a continuing
reassessment of nutrition interventions, the Office of Nutrition of US/AID
initiated an effort to'learn more about which aspects of interventions work
well, and which do not. Community Systems Foundation accepted this
charge to examine the experience of others and thus offer findings useful
for improving present and future programs of nutrition intervention in
developing countries.

In accord with these goals, a project was defined with the following

objectives:

1. to identify characteristics of community-based nutrition
interventions which are associated with success;

2. to report these findings in a way which will assist others
in raising the likelihood of success; and

3. to recommend ways in which national surveillance systems
can draw upon locally generated data.

It soon became apparent that to achieve these objectives, we would
have to add a fourth:

4. to design and implement' a system capable of providing
rapid feedback of analysis to ongoing interventions.



PROJECT SCOPE

The Definition of Terms

The definitions of the key terms in this report play an important role

in establishing the limits and nature of its content.

1. Analysis '
Although the conclusions of this report are based, in part, on a non-

quantitative review of a great many nutrition programs, the primary effort
was directed toward the application of a variety of quantitative techniques
to numeric data related to nutrition and its indicators. Because "analysis"
‘was taken to include such a strong quantitative component, programs

accepted for review had to be engaged in the recording of numeric data.

2. Community-Level
Nutrition interventions rarely emanate from or subsist solely upon -

community resources alone; each combines local and non-local resources to
varying degrees. Yet, rather than simply being local manifeétations of
nationally defined programs, nutrition projects accepted for this analysis
had to be operating at the community level; that is, they had to have
distinet locally defined and implemented components. Policymaking
authority, with regard to the choice of activity and method of

implementation, had to reside in part with the individual community.

3. Nutrition Interventions
Many nutrition projects are designed to improve food availability

through supplementation, fortification, and increased production. Others
strive to improve health status through hygiene, nutrition and family
planning, or through improvements in potable water, waste disposal, and
health care delivery systems. Still, defining nutrition interventions in these
terms alone ignores other and possibly more profound determinants of
malnutrition, such as inequitable income distribution and land tenure. Yet
for this research project to be useful, it had to restrict its domain to
manageable proportions while at the same time not lose sight of the larger
context. To avoid definition in terms of specific activities, this analysis

deseribes nutrition interventions as projects that: (1) explicitly state



improvement in nutrition of preschool children as one of their goals, and
(2) focus efforts on resolving one or more problems directly associated

with malnourishment.

4. Success

The most obvious means of defining a successful nutrition intervention
is in terms of the nutritional status of the participants; if nutritional
status improves as a result of the intervention, it is a success. In the
analysis, improvement in nutritional status over the life of an intervention
was taken as the primary indicator of success. Yet simply measuring
change in nutritional status during an intervention does not indicate
whether a permanent change has occurred. Unfortunately, short-term
improvements in nutritional status frequently come at the expense of
creating dependencies on external resources. This dependence may later
adversely affect the community. Even more clearly, temporary changes do
little to ease problems of chronic malnourishment. Although long-term
improvements in nutritional status may not become immediately evident,
only permanent change can hope to alleviate worldwide malnutrition, and
we believe success must be judged in this regard. Therefore, this analysis
focuses upon nutrition interventions that: (1) have the potential for
continuation after the pilot stage, and (2) do not create heavy
dependencies that make communities unduly vulnerable to shifts in political
forces.

In summary, the scope of this report is limited to interventions with a
distinet locally defined component, an explicit goal to improve the
nutrition of prescheol children, potential for long-term continuation beyond
the pilot stage and a numeric data base amenable to quantitative as well

as qualitative review.

The Need for In-Depth Studies

Quantitative probes of the success of an intervention can be pursued at
varying levels of intensity. With few exceptions, the analyses described in
the literature are cursory—summaries of the changes observed in selected



indicators of nutritional status. Due to the complexity of the relationships
among the many factors which contribute to the nutritional status of an
individual or community, such cursory analyses can be dangerously
misleading. They tend to ignore nonprogram events such as drought,
famine, inflation, rain, harvests of plenty, increased employment
opportunity and many others. These must be adequately understood and
accounted for in order to enable proper interpretation of observed changes
in nutritional status. Consequently, this research emphasizes in-depth
analysis of a relatively small number (8) of interventions, rather than a
cursory review of a larger set.

In this regard, this research is highly unusual, if not unique.
Surprisingly few interventions have been subjected to the objective analysis
of change in nutritional status in designated target populations. Of
nutrition programs surveyed in a recent study by the Harvard Institute for
International Development, less than one-quarter gathered and analyzed.
nutritional data at any level (Austin, 1978). A survey of 180 health
programs in the developing world conducted by the American Public Health
Association reports similar results; few health programs that had a
nutrition component analyzed data taken on the target population (Karlin,
1977).

Previous research that does examine the effectiveness of nutrition
interventions ean be classified in two general categories: (1) analysis of
cross-sectional data drawn from several interventions, exemplified by the
Checchi evaluation of supplemental feeding programs (Checchi et al., 1974);
or (2) analysis of time series (longitudinal) data from single interventions,
best illustrated by the Drake, Fajardo study of the Promotora program in
Candelaria (Drake and Fajardo, 1976). Strikingly absent from prior research
has been a comparative analysis of several nutrition programs collecting
longitudinal data. This project represents one of the first research efforts
of this nature, and reflecis a commitment on the part of the sprmsoring
agency to develop a firmer understanding of the characteristics of
externally funded nutrition interventions that contribute to a success.



PROJECT EVOLUTION

The balance of this report is a series of findings which summarize the
knowledge derived by its authors during four years of research. Coming as
it does at the end of the project, the report is a "snapshot" of both an
approach to analysis and a philosophy of intervention. To place the
findings with regard to both the methodology and the philosophy in
perspective, it is useful to look briefly at the evolutionary process which
led to this "snapshot."

But first, it is important to remark on a singular peculiarity of this
evolutionary process. At the outset, two distinet questions were asked.
The dominant question, given the objectives, was what makes for a
successful nutrition intervention. To answer that question by reviewing
ongoing interventions, we first had to ask how does one determine whether
an existing program is successful. A single answer emerged to both
questions: the process by which program results are accurately determined
is precisely the same process which enhances program success.

The initial response to the second question on methodology was the
traditional response to the individual case-study approach. Data sets were
to be gathered that contained similar, if not identical, yardsticks with
which to measure success. The elements of the interventions generating
the data sets along with other data describing the settings of these
interventions would be quantified and, using multivariate statistical
techniques, related to the success measures. This approach is exemplified
by the Morss et al. (1976) study of small farmer development. Their
analysis attempted to explain variance in success measures by
"independent" variables that described the interventions. Both the
measures and "independent" variables were articulated in a model of rural
development that served as the guide to data collection. For a variety of
reasons, the methodology giving rise to this report diverges from this
intuitive approach.



across several interventions, it is illustrative of many of its problems.
Realizing the need to account for non-quantifiable factors that affect
interventions, Morss et al. constructed complex indices from questions
requiring the subjective response of their subjects. These served as their
"independent" variable. This process is elaborate—almost mystical—and
tends to mask the weakness of the double use of subjectivity (first by the
respondent in providing raw data and second by the analyst in manipulating
that raw data to derive indices in the appropriate form). The conclusions
derived from the multivariate analysis using these indices are presented in.
the text as "high-science" while the magical manipulations done prior to -
the statistical work are buried in appendices.
We too recognized the need for including subjective variables in our

analysis. One cue, in fact, comes from Morss et al.

At this point we offer a cautionary note that should be borne

in mind throughout the reading of this report. While we

believe our quantitative approach does reveal new insights, it

does not offer any major formula that will guarantee success.

Rather, quantitative analysis is seen as an imperfect but useful

tool to complement the ecommon sense, patience and the
thorough knowledge of local conditions that are essential for

persons designing and implementing rural development projects
for small farmers. (Morss et al., 1976 p.l9)

The footnote in the above citation went on to urge the reader to read the
detailed accounts of each case study to draw other important lessons not
obvious in the statisties.

Our response to this need to incorporate the "non-quantitative" in the
analysis was to learn as much as we could about each intervention and to
factor that knowledge into the interpretation of each separate and distinct
analysis. In so far as parallels existed in the separate analyses,

generalizations could be drawn.



2. Diversity in the Nature of the Data Sets

In fact, such generalizations were hard to come by. One reason for
this is the very diversity of the data sets included in this analysis.
(Whereas traditional studies examining multiple cases generate their own
data in a form consistent across all cases, this study relied on data
collected by each intervention in vhe format most appropriate for use by
the intervention.) The only elements common to all our data sets were
the ages and weights of preschool children. The data were collected at
different intervals (cne month in KOTTAR to six months in PRIMOPS),
spanning different time periods (15 months in Honduras to eight vears in
Candelaria), for different numbers of children (589 in Indonesia to 12,770 in
PRIMOPS). The composition of the data sets was equally diverse
(éomplete medical examination including hand x-ray in Thailand to a fairly
exhaustive socioeconomic profile for the family in Esperanca).

Similarly, the eight intcrventions showed considerable diversity with
regard to program, level of intensity and, even, purpose. (KOTTAR relied
on monthly home visits, food aid, and viewed their health program as part
of a larger development effort, while Esperanca established health posts,
provided education programs, and trained University students in rural

medicine.)

3. Volatiiity of the Total Frogram Environment
The diversity in the composition of the data sets and the make-up of

the programs was not the only source of variation making the traditional
research difficult. The setting for each intervention was unique and, more
importantly, each setting exhibited a volatility of its own.

With regard to any social intervention, volatility of the program setting
is a potential hazard for scientific research. This is especially true in the
international nutrition field. Although the intuitive solution to poor
nutrition-~increased consumption of proper foods--is still the central
element of nutrition intervention, the importance of disease in negating the
effects of improved consumption is now widely acknowledged by nutrition
planners. Still, interventions directed at only improved consumption and/or



reduced disease are, in fact, operating at only one level of a very complex
system. The underlying economie, political, social, and physical
components of the total environment do more to determine overall
consumption and disease rates than can any intervention. If these
components remain stable, analysis can proceed according to traditional
precepts—but they never do.

In response to these perceived problems with conventional research
strategies, we turned to an approach that acknowledged their existence.
'To the degree possible, we performed parallel, in~depth case studies of the
interventions selected for analysis. These case studies embraced two
highly unusual tacties.

First, to account for the unique character and environmental setting of
each program, we encouraged each intervention staff to participate in the
interpretation of the analysis of their own data. Although we recognized
that having project personnel serve an evaluative function allows for the
introduction of an ahalytic bias, we felt that the intimate knowledge of
the total environment held by people on-site was eritical to our
understanding of the analysis.

Second, to facilitate the identification of the confounding factors in an
analysis of social systems, we explicitly sought all competing explanations
for observed outcomes and tested their plausibility using the subjective
opinion of the project staff as well as the results of statistical analysis.

To implement these tactics, it was necessary to develop the capability
to analyze data rapidly and to return the results to the field for review.
We came to call this capability Rapid Information Feedback System (RIFS).
The RIFS concept encourages field people to identify competitive
explanaticns of trends in the data, assess their plausibility, and otherwise
participate in the anlysis. (The RIFS conecent is developed more fully in
Volume VIL) _

The RIFS concept evolved in response to the second question posed
earlier—how does one determine whether an existing program is successful?
Application of the RIFS concept taught us an invaluable lesson with regard
to the primary question—what makes for success? The programs that were



both amenable to and capable of learning from their own review were also

those which appeared to be successful.

ORGANIZATION OF THE REPORT

We now turn toward the evidence for this last coneclusion. Because the
conclusion emerged in response to the search for an effective analytic
sivntegy, much of this evidence is a discussion of the methodological issues
encountered during that search.

We will ’begin in Chaptei‘ I with a brief summary of each intervention
and the associated data analysis. More detailed accounts are included in
Volumes II through VI of this report. Because of the centrs’ity of the
concept of nutritional status in the analysis, Chapter III discusses various
findings with respect to the measurement of malnourishment. This chapter
reveals the strengths and weaknesses of using anthropometrics to measure
success.

One factor that contributed heavily to the growth of the RIFS concept
was the poor quality of the data analyzed. Chapter IV describes our
efforts to clean the data and, in accordance with our second objective (to
report our results in a way to assist others), sets out some guidelines to
help others improve the quality of their data.

" Chapter V is a discussion of commonly encountered problems in
analyzing nutrition data and comments on our "solutions" to those
problems. Finally, with our discussions of the theoretical, data, and
methodological problems confronting nutrition analysts, we turn to our
prescription for successful.nutrition intervention. This makes up Chapter
VI.



CHAPTER 1I
THE DATA

The data examined in the project consist of "hard" data (anthropometric
measurements supplemented in some cases with other socioeconomic and/or
health data) for ten distinct interventions, and "soft" data (our observations
on the process employed) for those same interventions. The two types of
data are inextricably bound together; each makes sense only when

con51dered in the context of the other.
The "hard" data offered us the opportunity to test for and quantify

changes in outcome variables. (changes in nutritional status and/or health
indicators) and to relate those changes to the other variables in the data
set. The "soft" data helped us interpret the analysis of the
anthropometrics in terms of the process of the interventions. To
understand those processes, we constructed a framework for deseribing
interventions based on a concept of project life cycle. Attempts to
generalize on the development of an intervention have led to identification
of typical stages in most interventions. Because our written descriptions
of the interventions will be in terms of this life cycle framework, it will
be described briefly here.
We begin by identifying four stages in the life cycle of an intervention:

1. Entrepreneurship

2. Community Embedding

3. Durability At Existing Scale

4. Scaling-Up
These stages are not necessarily separate and distinet; there is often
considerable overlap and, in some cases, a complete reiteration
through some or all of the stages.

In general terms, the "entrepreneurial” stage begins when some outside

change agent builds an alliance with a community, or a community pulls an
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out-ide agent into itself. "Embedding" is the planting of the idea
(proposed solution) behind the intervention in the community and the
nurturing of the idea until it gains acceptunce. Often, the idea is
modified during this stage to enable embedding to occur. A negotiation
between the community and the change agent to match resources to
perceived needs is not uncommon. The "durability" stage is the one in
which the intervention is actually effectuated in a more-or-less stable way.
Finally, "scaling-up" is the expansion of the intervention either
geographically or in the scope of services. Few interventions remain
confined to the oviginally designated recipient population or stay with an
original package of services.

An importart concept underlying this life cycle model is the notion that
the change agent acts as a bridge between two worlds—the world of the
community and the outside world of international finance and knowledge.
Both worlds are constantly changing. The entrepreneurial change agent is
forever trying to bring the resources of the outside world to bear upon the
changing community in a useful way.

The "bridging" notion suggests two potential forces that move an
intervention through its life cyele: changes in the change agent, and
changes in the resources he/she can command. The first force, the
changing personality of the intervenor, is critical to understanding the life
of an intervention; the characteristies of the intervention are so often a
reflection of the character of the primary change agent. Actual shifts in
personnel and/or changes in the aspirations and interests of continuing
personnel account for many of the transitions between life cycle stages.

Similarly, the second force, changing resources, accounts for many of
the transitions between stages. In particular, the exhaustion of initial
resources over time often prompts scaling-up in the form of an
enlargement of the recipient group and/or the introduction of new services
so that "new money" can be found to keep the intervention going at all.
We will argue throughout this report that data analysis should be a third
active force in causing changes in interventions. One characteristic of the

interventions considered in this project is that some data were collected
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for each. Our first major observation is that in almost no case was the
data used to help shape the intervention.

A pictorial representation of the life-cycle process is presented in
Figure 2-1. The stages of the intervention are illustrated. The flow of
time is demonstrated by the large arrows, and the bridging notion is
conveyed by placing the intervenor between the two worlds.

The balance of this chapter is dedicated to a description of the
interventions and data sets studied during the course of the project. Each
description will attempt to place the history of the intervention in the
context of the life cycle paradigm, giving explicit attention to the
personality, resource, and data analysis forces contributing to change.
Finally, a summary of the results of the analysis will be provided. There
are seven interventions with longitudinal data plus an eighth data set
arising from a revisit to one of the intervention sites two years after the
phasing out of services. In addition, we have two cross-sectional data sets
which were used to help test some of our methodological procedures.
Map | indicates the location of all of the interventions on a world map.

ESPERANCA , ,

Esperanca is a private, non-profit organization whose primary goal has
been the provision of basic health care to a population living in northern
Brazil's central Amazon River basin (Map 2). Because of marked
discontinuities in the tenure of the primary change agents who have
contributed to the Esperanca effort, the intervention has passed twice
through the life cycle stages and is currently sustaining a high level of
activity, including an expansion of services to many more rural villages in
the region.

The original program was initiated by the late Father Luke Tupper who,
as the only priest-doctor in the Franciscan Order, traveled in the Amazon
by whatever means he could devise, providing medical care to the isolated
river communities. His recognition of the need for outside resources,
particularlv to establish a massive immunization program, prompted the
formation of Esperanca, Inc., in Phoenix, Arizona, in 1970, In 1972, Father

13
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Luke opened a medical clinic in Santarem on land donated by the
Francisean Order, and Esperanca bought a boat which was converted to a
medical hospital and brought to the Amazon in May 1974. Father Luke
returned to the United States at the end of 1975 and the project was
essentially dormant until January 1977.

At that time, under a new director, Dr. Harry Owens, the program
experienced a rebirth. The medical clinie reopened under the direction of
Dr. Fred Hartman. This program rebirth included the addition of a more
"preventive" program component for Esperanca. This component stressed
early treatment of diarrhea, oral rehydration, reduction of parasites,
regular weighing of children and/or home visits of children under six, and
the holding of general education programs. A nutrition rehabilitation
center was opened in Santarem to provide intensive care to third-degree
malnourished children who Mived" at the center until they recovered. An
ambulatory program for other malnourished children and their families was
also established. Finally, an outreach program in two communities, Mojui
dos Campos (pop. 3,000) and Alter do Chao (pop. 800), was started. These
two ecommunities were chosen because of community-initiated requests for
Esperanca medieal services. The outreach programs were similar to the
ambulatory program in Santarem—consultations with a visiting doctor or
the trained "barefoot" doctor manning a health post, regular child
weighings, and an eduecation program.

in June of 1978, Dr. Hartman left Brazil. D:. Owens was also no
longer on-site. As a result, the outreach programs--the Esperanca
component of most interest to this project—went into a "durability" stage
characterized by stagnation. Particularly in Mojui dos Campos, the larger
and more poorly organized village, the activities of the health post were
sporadic and infrequent. In the smaller village, Alter do Chao, the
program continued to operate as anticipated.

One year later, Dr. Owens returned to Brazil with a public health
specialist, Steve Alexander, to pump renewed life into the existing
program. The resources for this activity come from a grant from PACT to
"scale-up" the outreach program to cover eighteen villages over the next
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two years. As of the time this report is being written, the second year of
activity under PACT funding is beginning. Additional health posts have
already been opened and the training of more health workers is progressing

well.

Esperanca - Data

As part of its initial outreach program, the Esperanca staff
administered an extensive epidemiological survey of all children in Mojui
dos Campos and Alter do Chao in 1977 and 1978. The survey was taken
for three reasons: (1) to obtain baseline data for diagnosing community
problems; (2) to obtain baseline data for measuring program impact; and (3)
to identify and describe communities to serve as a "laboratory" for
students at the University of Para.

The survey was administered in four villages—the two program villages
and two other "control villages." Initially, interviews were done in Mojui
and the two control villages. The request for Esperanca services from
Alter do Chao some six months later led to its inclusion in the program.
This inclusion of Alter do Chao as both a program and survey site resulted
in a neat experimental design pairing two inland villages, Mojui and
Castanhal, and two coastal villages, Alter do Chao and Aramanai. The
intention of the Espananca staff was to resurvey the same villages two
more times at intervals spanning five years.

The first resurvey, conducted in May of 1979, was jointly administered
by Esperanca staff and staff from Community Systems Foundation (CSF).
Eighteen months had elapsed between surveys for three of the four
villages, while only twelve months had passed for Alter do Chao. The
resurvey questionnaire contained more detail than the original; however,
care was taken to preserve comparability between the two. Both included
socioeconomic, family history, medical, and anthropometric data.

The data were keypunched and entered directly into the data base
management system, MICRO. The MICRO system facilitates the merger of
survey and resurvey data into a single data base for comparative analysis,

and will enable Esperanca io add to the data base easily in the future.
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Errors were removed from the date by using the facilities of the data base
management system. Variables with "illegal" codes could not be entered
into the system until they were corrected, and consistency checks using
{he MICRO command set were done to locate inconsistent entries in
related questions. Finally, subsets of the data set were constructed using
MICRO. These were passed to the statistical system, MIDAS, for analysis.

Esperanca - Analysis

.The analysis of the Esperanca data sets illustrates the difficulties
involved in interpreting the results of a social experiment even when that
experiment was implemented using a classical "laboratory" design. In this
instance, the classical matched-pairs design was only approximated; the
villages were neither randomly assigned to groups nor matched by any
careful analytic procedure. Furihermore, the elapsed time between
observations was long enough to allow considerable variations in
nonexperimental factors in the target populations. There was in- and out-
migration in the villages, children became over-age, and the socioeconomic
environment changed unequally in the four villages. Finally, the intensity
of program application was not sufficiently well documented to enable
clear attribution of observed outcomes to program components.

The analysis concentrated on identifying change in selected indicators of
health. These indicators were selected because they reflected explicit
goals of the Esperanca outreach program. Overall nutritional status was
measured, using weight as a percentage of the Gomez weight-for-age
standard. Anemia was measured using hematocrit readings. The
prevalence of parasites was measured by identifying the presence or
absence of particular parasites during a fecal examination.

The use of weight as an indicator of growth led to mixed results.
Whether all children were compared or just those who participated in both
surveys, the pair of inlend villages--Mojui and Castanhal--showed
counterintuitive outeccmes. The program village showed a decline in overall
nutritional status, while the control village improved. Where the program
was more dynamic, on the coast, the result was anticipated. There was
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improvement in Alter do Chao, while Aramanai remained much the same.

With regard to anemia, there were relatively few non-normal hematocrit
readings--only about 10%. The children who were deficient in the first
survey recovered, while a new set of children of the same age Who had
been normal for the first study showed signs of anemia in the resurvey.
This was true in all villages.

Comparison of parasite prevalence is difficult because of the seasonal
factor—the surveys in three villages were done 18 months apart. In Alter
do Chao, the village of intense program application, the surveys were 12
months apart, and the number of children with ascaris infestation (a
serious problem in that village) had declined from 47% to 22%. In
Aramanai, over an 18 month period, the percentage of children with ascaris
infestation: was constant. Similar consistency was found in Mojui and
Castanhal.

Overall, the village of Alter do Chao showed improvement on two of
the three indicators. Because this was the village of highest program
activity and was the only one showing such improvement, there is
substantial evidence that, at a high enough level of intensity, the
Esperanca program has reduced malnourishment and disease.

Volume II of this series is the complete study concerning the

intervention and outcomes to date.

KOTTAR

The Kottar Social Service Society (KSSS), founded in 1962, is a
volunteer agency affiliated with the Catholic Church in the diocese of
Kottar. This diocese is located in the Kanyakumari District of the State
of Tamil Nadu in the southern tip of India (Map 3).

The entrepreneurial drive behind KOTTAR is the presence of a Belgian
priest and sister who make their permanent home in the district. As a
result of this primary identification with the study area, the pace of the
project has been slower and community involvement has been greater than
in projects where the primary change agents devote only a portion of their
lives to the intervention. Much of the time since 1962 has been spent in
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community embedding. The KSSS triez to work out strategies to promote
development with villages which show some interest in working with the
Society.

In 1972, the KSSS created its Community Health Development Program
(CHDP), which includes a take-home supplémentary feeding program, health
and nutrition education, and some primary health care, including
immunizations. The CHDP covers more than 38,000 preschool children in
124 villages. Many of the participating villages have participated in other
types of interventions. A potters' cooperative was formed, and an
outgrowth of its financial success has been a potters' housing cooperative.
Fishing villages have experimented with larger boats and net weaving
cooperatives. The KSSS has attempted to organize people to plant cactus
in areas subject to soil erosion, to build tube wells to level out
fluctuations in water availability, and to reconstruct roads destroyed by
floods.

There has been concern on the part of the founders of the project that
their presence is too ecritical a component of the intervention; that is,
durability will not be achieved until local people are trained to provide the
organizational skills and the bridges to the outside world now provided by
the Belgian Clergy. (Many of the KSSS activities utilize outside resources
found by the Father and Sister in the developed world.) At this time,
they are working to achieve this durability.

Kottar - Data

The data deseribing the Kottar intervention come from a survey done
with funding from the Rockefeller Foundation and CSF by Dr. John Osgood
Field, formerly of the International Nutrition Planning Program at MIT and
now at the Nutrition Institute of Tufts University. The survey was
administered in 1977 and consisted of health and weight histories of
approximately 4,000 children (taken from weight cards kept as part of the
CHDP) and a cross-sectional survey of socioeconomic information on the
families of these children.

The data were Keypunched at MIT and a tape containing the card
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images was provided by Dr. Field to facilitate analysis at Community
Systems Foundation. The process of preparing the data for analysis proved
to be far more complex than anticipated due to keypunching and coding
problems. It was therefore especially helpful to be able to utilize the
data base management system for facilitating the next stages of analysis.

First, using a unique FORTRAN computer program written especially to
perform these tasks, the longitudinal data were extracted from the surveys,
cleaned, and expanded by the addition of several variables computed from
the raw data. These variables included the percent of standard scores
using the local standard, the Harvard standard, and the NCHS-CDC
standard. The cleaning process reduced the number of records containing
at least one error from 25 percent to 2 percent. The final data file
contained weight and health time series for 4,075 children—a total of
79,687 observations.

Similarly, special FORTRAN programs were compiled to process the
cross-sectional portion of the data set. Whereas 40 percent of the
interviews contained some error at the start, again only 2 percent of the
interviews could not meet the test for errors after cleaning.

Both the longitudinal and cross-sectional data files were incorporated
into the MICRO data base management system. To reduce both the
complexity of the analysis and the costs of data processing, a subset of
the data set was assembled including weight-health observations on the
children from only six time periods. These periods were six months apart,
stgrting in January of 1975 and concluding with June 1977—the month of
the survey. This subset of the data set was passed to the MIDAS

statistical system for analysis.

Kottar - Aralysis

An vunusual and distinctive characteristic of the KOTTAR data set is
that the longitudinal component was constructed retrospectively at a single
point in time. Every weight-health observation was taken on a child
participating in the program in July and August of 1977. Therefore, the
phenomena of drop-outs, "graduation,” and, to some extent, entry at a time

23



in life later than 3 months, do not occur in this data set. A comparison
of a set of children at two points in time involves only those children still
participating in July and August 1977 and, in fact, except for those few
children missed at either point of comparison, involves the same children
at different stages of their lives.

One such comparison, a comparison of the six time periods included in
the data subset used for analysis, shows a marked improvement of the
study population over time—both in the aggregate and by age group. The
percentage of malnourished children summed over all ages diropped from
50.4 percent to 45.5 where malnourishment was defined to be a weight less
than 75 percent of the NCHS-CDC weight—for-age standard. The
improvement is even more marked if the local standard and classification
is applied—50.2 percent to 42.5 percent. This particular standard called
for less weight gain among older children. This, coupled with the
increased number of older children in later time periods, accentuates the
improvement in the nutritional status of the population.

Severa! potential competing explanations of this improvement were
tested. Two explanations--that the observed improvement reflects the
often encountered natural recovery associated with aging or that it reflects
the better status of newcomers to the program--were shown to be
inadequate. However, & third competitor, the effects of a drought, was
more difficult to analyze. Using this data set, it was not possible to
separate the improvement due to recovery from the drought from the
improvement due to program effect.

Finally, a multivariate analysis was performed to ascertain the
determinants of malnutrition. Regression analysis was performed to
"explain" the variance in July 1977 nutritional status with assorted
socioeconomic variables. Of most interest in this analysis was the lack of
explanatory power in the socioeconomiec variables often thought to
determine nutritional status. Two regression models were formulated. The
first incorporated the variables of age, the square of age, the percent of
standard at first observation, the ratio of observations with reported illness
to the total number of observations, the number of children in the family,
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and the sex of the child. The second model added the variables of
income, education of household head, total land available, amount of family
debt, and village type (coastal or inland). The R-SQR (coefficient of
determination) for the first model was .25 with all explanatory variables
significant. The R-SQR for the second model was .26 with only three
(income, land, and vilage type) of the added variables significant. This
illustrates how the village selection process narrows the range of socio-
economic variables so much that individual differences within that range
became relatively unimportant.

Volume IIl of this series is the complete study concerning the

intervention and outcomes to date.

CANDELARIA AND CANDELARIA REVISITED

The city of Candelaria, Colombia, has had health-related interventions
since 1958, when the Board of the Faculty of Medicine at the Universidad
del Valle in Cali decided to establish a rural health center there for
teaching purposes (Map 4). The Promotora Program (1968-1974) which
generated the data used in our project is a step in this longer "life-cycle,"
an addition to an ongoing set of activities initiated by the faculty of the
University. Forerunners of the Promotora Program included the
establishment of a rural health center in 1958, a nutrition recuperation
center in 1962 (which existed for two years), an outpatient treatment
program including food supplementation (which replaced the recuperation
center), and municipal s2awer and water programs.

The Promotora Program represents an effort by the medical community
in Cali to reach out into the homes of rural residents, rather than treat
only those who visited a medical facility. When it began, the presence of
the medical contingent was already accepted in Candelaria; there remained
the embedding of the new program into the community. The strategy
adopted was the training and use of volunteers from Candelaria as the
home visitors. The tasks of the volunteers included provision of nutrition
education, hygiene education, education on the utilization of other existing
health services, data gathering, and referrals to the appropriate health
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service facility. This direct participation of community members inereased
the program's acceptability, while at the same time freeing the more
highly skilled health care personnel for tasks more appropriate for those
skills. The program remained viable for six years. In 1974, the
government took over the staffing of the health center in Candelaria and

the Promotora visits were phased out.

Candelaria - Data

The date in Candelaria consist of time series data on the
anthropometric measurements, some morbidity information, and a rich
collection of family socioeconomic variables. Eighteen hundred families
participated at some time during the six-year period of the program,
providing a total of 9,800 observations on 1,051 children.

In what to us is a unique activity in the nutrition field, the population
of Candelaria was resurveyed in 1976, two years following program
termination. The resurvey was administered to participants and
nonparticipants in the program (most nonparticipants were new families and
in-migrants). It included the gathering of anthropometric and socio-

economic data.

Candelaria - Analysis
During the course of the intervention, the malnourishment rate in the
population dropped from 26 percent at the start to a stable figure of
about 21 percent during the last three years of the program. This 20
percent decrease was found to be attributable to the program. Other
conelusions from this initial study were as follows:
-- A strong relationship between the presence of diarrhea and
malnourishment ‘3 shown both graphically and statistically.
More important is the finding that the Promotora Program
reduced incidence of diarrhea significantly (by 20 percent
to 50 percent depending upon the age of the child and the
duration of time the family was in the program).
-~ A psrticularly surpl;ising result was that the nutritional
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status of girls improved far more than boys during the
seven-year period. Based on the Gomez standard used
during the period of the program, malnourishment in girls
decreased from 36.1% to 24.8%, while the rate for boys
went from 19.7% to 17.3%. That is, girl malnourishment
dropped 31% and boy malnourishment dropped only 12%.
Although the utilization of a sex-differentiated standard
would change the relative position of boys to girls, there
would be no change in the finding that girls improved far
more than boys.

The education level of the parent, expenditures on food,
and monthly income all affected the level of child
malnourishment.

During the seven-year period, 1968-1974, there was a
significant erosion in family purchasing power for the
entire community. Although the average family income
increased from 683 pesos to 1,251 pesos, real income, when
adjusted for inflation, dropped to 566 pesos in constant
terms. This resulted in a decrease in real expenditures on
food of 8.7% over the seven-year period.

A function describing the relationship between
infectious disease and food consumption was formulated.
This relationship is important because it could lead to
helping define what the best mixture of community level
interventions should be.

Consumption of food also dropped, which increased the gap
between need and consumption from 22.7% to 33% for
proteins and 19.7% to 29.7% for calories. In addition,
shifts occurred from animal proteins to lower priced
vegetable proteins. Whereas the mixture was 47% animal
and 53% vegetable in 1968, it was 37% animal and 63%
vegetable by 1974.

The use of birth control more than doubled during the
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" Promotora Program. Families using some form increased
from 18.7% in 1968 to 43.6% in 1974, with the largest
change in use being the IUD. Birth order was shown to.
affect sibling malnourishment rate in Candelaria. It is
therefore reasonable to presume that as family planning
increases, there wiil be further positive effects upon the
child malnourishment rate.

Differences between participants and nonparticipants two years after
termination of the Promotora Program can be summarized as follows:

l. The nutritional status of children born into participating
families following termination of the Program appears to
be no better than children in nonparticipating families.

2. The nutritional status of children who actually participated
in the program two years earlier is less clear. Some of
our analytic indicators show an improved condition and
others do not.

3. Children from families that participated two years
previously appear to suffer less from diarrhea than children
in nonparticipating families. Different methods of analysis
generated inconsistent conclusions in this instance.
However, since the mother's recall of diarrhea is a
notoricusly weak method of measuring prevalence and
severity, underreporting is common. On balance, we are
confident that this conclusion is valid.

4, Two years following termination of the Promotora
Program, other diseases do not appear to be significantly
affected by past participation, although this lack of
relationship may be due to field-level difficulties in
accurate measurement.

5. Fewer participating mothers in all age categories were
pregnant than were their nonparticipating counterparts.
Depending on the measure used, the pregnancy rate was
roughly thirty percent lower in participants two years
following termination of the Program. This finding holds
true regardless of the analyties used and is probably the
strongest relationship in the study. Since there was a
government-operated family planning program in existence
during the entire period, there is strong evide.ce that
reinforcement arising from exposure to the outreach
aspects of the Promotora Program resulted in considerable
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synergism. The question of the level of intensity of effort
necessary to have a meaningful impact on the target
population is undoubtedly one of the most significant policy
issues facing sponsors of interventions.

The initial evaluation and the revisitation study are presented in

complete form in Volume IV of this series.

PRIMOPS

The Programa de Investigacion en Modelos de Prestacion de Servicios de
Salud (PRIMOPS) is a joint effort by the Department of Health of the City
of Cali and Department of Community Health of the Universidad del
Valle in Cali, Colombia (Map 5). It represents an effort spearheaded by
Dr. Alfredo Aguirre to "scale-up" the Candelaria program in an urban
barrio of Colombia: La Union in Cali.

With funds provided by US/AID, Dr. Aguirre,along with his colleagues
from the Universidad del Valle and public health researchers from Tulane
University, designed an intricate training program for the Promotoras. The
planning documents for PRIMOPS as a whole and the training program in
particular suggest that it is one of the most carefully thought-out
intervention of any we have reviewed. The guiding principle and belief of
these entrepreneurs was that certain primary health care and diagnosis
functions can be done by people recruited from the local community if
they receive proper instruction and supervision. Moreover, both training
and field operations can be accomplished at costs within national health
planning budgets.. The PRIMOPS program convineingly demonstrated that
these goals can be accomplished in a poor urban neighborhood.

Although the project designs called for an assessment of the effect i
the .program on community health and nutrition, this question of attribution
received less attention, and subsequent evidence suffers from the same
shortecomings found in all the projects: - competing explanations for changes
observed are at least as likely as attributing the changes to the program
actions.

Community embedding was achieved by recruiting promotoras through
local juntas (neighborhood political groups) or health clubs and by calling
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'upon these groups to help in establishing the physical facilities for the
health posts out of which the promotoras worked. Also an important
factor in the communuity embedding and subsequent durability was the
close coordination with the already existing health care hierarchy of the
City of Cali. The Program Co-director was an official of the city health
department and the promotoras, auxiliary nurses and supervising nurses
were, from the start, employees of that department. This made the
transition to permanent status in the city's health system easier at the
time when the University funding ended and the University researchers
turned their attention to scaling-up problems.

The first step in this program was to complete a census of all
households in the study area in order to identify eligibie women and
children. This was to be followed by periodic visits to households with
eligible people every three months starting in 1973. Actually the rounds of
visits were never completed that quickly (with five months the average and
with one round taking ten months), due, in part, to a special immunization
program.

The functions of the promotora were to provide elementary health and
hygiene instruction in the home, and to identify and refer sick or high-risk
children and/or pregnant women to the appropriate health service unit.
The promotoras weighed the children to assess nutritional status and to
refer second- and third-degree malnourished to special help.

Midway into the program, in 1975, funding was stopped and the program
went into a period of complete inactivity. It was resumed again in 1976,
and in 1979, became fully incorporated in the ecity health care system.
The Universidad del Valle people, in an effort to keep their activities
flowing, proposed a scaled-up program to cover other populations and
regions with a similar service. These programs are continuing in 1980
under various funding arrangements.

PRIMOPS - Data

Several external evaluations were built into the PRIMOFS program from
the outset and an internal data collection activity was established and
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maintained. Because of the hiatus and the independent flow of funds to the
external evaluators (a flow which called for final reports during the
hiatus), the only study completed as of the summer of 1980 was of the
efficiency of project teams in terms of cost of services delivered.

The internal data system (the anthropometric, health and immunization
data on individuals) was never used. Unfortunately, the early data (pre-
hiatus) was recorded in an entirely different format using a different
individual identification scheme than the later data. As part of our
project, we have spent long hours cleaning the data beginning with the
1976 rounds and, at this time, have two and one-half rounds in usable
form. The data has many cases but few variables. For each promotora
visit, the child's weight, age, diarrhea status, general health, immunization
activity and use of medical facilities is recorded; however, for all the data
except weight and age, the inability to distinguish missing data from the
response ''none," coupled with apparent inconsistencies by promotoras in
coding responses, weakens our confidence in these other variables
considerably. As a consequence we did not undertake multivariate analysis
of the PRIMOPS data.

In the two and one-half rounds for which we have machine readable
data, 12,770 children participated. The first and second rounds had
enrolled about 8,000 children with about 3,000 new children enrolled in
Round Two (an apparent 35% turnover). OCnly 10% of these are accounted
for by control codes in the record of visits. The following categories were
identified: moved, over-age (greater than 5 years old), refused interview,
or died. The 25% unaccountable loss niay be the result of high migration
rates in the barrio but also, to some unknown degree, by errors in ID
number recorded, round number or new/continue code entry.

Our efforts to correct cold PRIMOPS data far removed from the
instant of collection led to several of our conclusions regarding the value
of a rapid information feedback system which is reported upon elsewhere
in this report. Out of a total of 21,916 records for the twelve thousand
children we created a final clean data set of 20,655 observations, in which
we accepted a 5.8% loss due to detected but unresolved errors. If we had
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simply dropped each record containing a detected error, the data set would
have been reduced by 4,303 observations (19.6%). Of course, correcting
errors after-the-fact and retaining the record in the file entailed making
certain assumptions which may or may not have been valid. These
problems are discussed in greater detail in Volume V and Volume VII of
this series.

The value of a program with records of periodic visits is the
opportunity to obtain longitudinal data on individual children. PRIMOPS
proved disappointing in .this regard. The number of children with multiple
observations dropped off rapidly from 6,639 with single observation, 4,377
with two observations and 1,754 with three observations, that is, 14 percent
of all children were observed three times.

However, these numbers were large enough to generate characteristic
curves (graphs displaying the percentage of children malnourished by age)
with stable values by annual age groupings. The curves displayed the
expected pattern of rising malnourishment peaking at 24--30 months and
declining thereafter. Furthermore the percent malnourished decreased
steadily through rounds one, two and three in about all age groupings. The
figures for all ages are:

Round Ore 31.7%
Round Two 29.0%
Round Three 25.5%

This result, which is probably quite real, is difficult to attribute to the
action of the Promotora Program alone. Additional analysis reveals that
children entering the program in Rounds Two and Three are generally in
better nutritional status than those continuing in the program. Those
continuing in the program also show steady improvement from round to
round but to a lesser degree than indicated by the round totals. An
alternative explanation is the improved sanitary conditions in the barrios
which resulted from continuously upgrading the quality of individual houses
and the extension of public services tc greater and greater proportions of
the households; the services included drainage ditches, roadways, water,

sewer and power connections.
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The longitudinal data on individual children permitted construction of
transition matrices showing changes in nutritional status from round to
round. These tables indicate steady improvement of nutritional status in
the community as more people shift from severe to mild malnourishment
to normal status than in the reverse order. However, the tables also
indicate that a higher proportion of severely malnourished transfer to lost
record category than mild and normal groups. As the total in
unaccounted lost is quite large, our confidence in the demonstrated
improvement is weakened. Many problem families may have simply drifted
out of the program.

Our major conclusion from the ansalysis of PRIMOPS is that even a well
thought-out and clearly operational health care delivery program needs a
theory-oriented data management system integrated into daily operations in
order to assure survival of information useful for detecting a response to a
changing condition whether planned or part of the changing environment of
the program.

Volume V of this series reports details on the results of this study.

INDONESIA

The Indonesia intervention is run by Save The Children (SAVE) in
Kecamatan Tangse in the Special Territory of Aceh on the island of
Sumatra (Map 6). The Save The Children involvement in Aceh began in
January, 1977, with funding from US3/AID for a five-year Operational
Program Grant (OPG).

In general, Save The Children attempts to play a role as catalyst to
general development by taking a low profile over a sustained period of
time in an effort to organize local people and foster appropriate linkages
between the local power structure and the outside world. In theory, the
process calls for the identification of problems and suggestion of solutions
by the local community. In practice, SAVE mediatez between the local
community and the "outside world" in an effort to come up with realistic
"fundable" options for development activity.

The Indonesian intervention is nearing the end of its community
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embedding stage. That stage was initiated by a request from the governor
of the special province of Aceh for non-governmental assistance in
development work. As indicated by its name, Aceh Province is indeed
special; it has a strongly independent population, governed by Muslim
rather than ecivil law, and has never been integrated into the regular
governmental structure of Indonesia. The process of gaining acceptance by
the people of Aceh (not to be confused with the government in Aceh) has
been a long and difficult task for the SAVE staff. The process used has
been the provision of services (especially medical services) that were either
not available in the study area or were available but not easily accessible
to the local people.

SAVE, follcwing its Community Based Integrated Rural Development
(CBIRD) modei, formed a community development committee consisting of
representatives of eleven target villages. However, it became apparent
that a separate committee was needed in each village. These were
established in «arly 1978.

The projects which have been implemented at some level in Tangse are:

1. the establishment of village health posts staffed by
trained volunteers from the villages;

2. child weighing programs with weight charts kept by the
mother;

3. food preparation demonstrations;
4. soybean processing;
5. the construction of latrines;
6. the planting of home gardens;
7. the creation of fish ponds;
8. immunization of preschool and school-age children.
The degree of implementation of each program component varies from

village to village. These are not "blanket" activities provided to all.
Progress in community embedding has been retarded by militaryv harassment -
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of SAVE staff, floods, and cholera outbreaks, and tiie "usual" difficulties in

getting a community to accept a change suggested by outsiders.

Indonesia - Data

Save The Children initiated a data-gathering operation in part in
response to the urgings of William Drake, principal investigator on the CSF .
project to analyze community-level nutrition interventions. During a visit
to Aceh, Dr. Drake illustrated the use of weighing for diagnostic purposes.
The SAVE staff put the technig. e into operation.

The number of data elements recorded is relatively few: the names of
both mother and child, the child's age at the time of his/her first
weighing, the sex of the child, and all weights taken for that child. The
first set of data on 589 children consisted of multiple observations on
those children, spanning a period of 18 months. The observations were not
regularly timed and not distributed evenly in rate of occurrence over the
589 children.

Indonesia - Analysis

Analysis of so limited a data set is difficult. A comparison of the
nutritional status of all children as of their first weighing to the status of
those same children as of their last weighing indicates that there has been
some improvement. (One must bear in mind that the time difference and
number of observations between first and last observation is different for
each child.) Furthermore, it can be shown that the most malnourished
showed the greatest improvement. However, this phenomenon can be
explained partially as an improvement resulting from the aging of children,
so that more were past the age of maximum risk as of their last
observation.

Volume VI of this series reports the results of this study in more
complete detail. |
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HONDURAS

The Honduras intervention is run by Save The Children (SAVE) in the
Pespire region of Honduras (Map 7). The government of Honduras,
recognizing the problems existing in the Pespire area, invited Save The
Children to work in the region. This program followed the same general
development strategy as the Indonesia program.

The Honduras intervention ran into some very real difficulties in the
ecommunity embedding stage. Recognizing the seriousness of the food
shrtage resulting from prolonged drought in Pespire, the SAVE staff
undertook the distribution of food supplements provided by CARE. Unlike
all other CARE food distribution programs in Honduras, this program was
of the take-home variety. SAVE made food available to all comers. The
increasing demand as news spread caused a monthly shortfall in the
commodity. The result was that the food became a "political" resource in
the hands of the community development committee. The resuit was a
near breakdown in the program. The situation was aggravated by the
government medical officer for the region, whose directives kept SAVE
from sérving those most in need.

Despite these problems, SAVE has continued its work in Pespire—at
reduced pace. The food program was stopped in January, 1978. Other
components of the program include:

1. construction of a piped water system;
2. construction and maintenance of fish ponds;

3. an education program on the use of already existing
latrines;

4. construction of new latrines;

5. formation of a cooperative to market processed food
products made from locally available foods.

39



oy

8 8° ) 8'60

N Legend
s o Copital
CARIBBEAN SEA . | | =ee-- Road
: : : ® Study Arec
‘ ' 40
84
165
'_h‘ —
‘(_s D
HONDURAS N
’
¢
- - I’— -
N I”
.
s 1 Tegucigalpa
?\~-"A“ < 142
’ 1
]
‘/
@ Pespire
Sty

NICARAGUA

PACIFIC OCEAN

. 50 100miles
100 kilometers

osro

°
88

Community Systems Foundation 1979

SYUNANOH “3YIdS3d - WYH90Ud SYHNANOH - L dVW




Hondurss - Data

In response to the CARE requirements for determining food allocations,
SAVE initiated a weighing program in the region. At first, weights for
each child were both recorded und plotted monthly on a growth chart.
Simultaneously, the lists needed by CARE to set allocations were compiled.
A visit by the SAVE home office (including several consultants—one from
our own project) led to a revision of the data collection procedure. A
new simplified form was designed which led to the recording of height and
"eurrent" health status as well as weight. Children were brought to the
health center every three months rather than monthly, as part of the
revision.

The original forms, as well as the first round of data collected with
the revised forms, were brought to Ann Arbor to facilitate analysis. These
were keypunched and checked for errors. The resulting data set was
placed into the MICRO data base management system. As noted, the food
program was stopped in January of 1978 and, with it, the weighing
program. The data collected between the summer of 1977 and the start of
1978 were not added to the data set.

The final data set consists of weights taken in three-month intervals
for 805 children living in five villages. There are five rounds of data
spanning a time period of one year. In one village only, a sixth round of

data reached Ann Arbor.

Honduras ~ Analysis

The only type of analysis that could be done with this data set was the
tracking of community nutritional status as measured by the ratio of a
child's actual weight to a weight-for-age standard. At first, community
nutritional status appears to improve dramatically over time. However,
the number of children participating increases steadily over time. In the
fourth and fifth rounds, newcomers to the program are markedly better off
than those who had begun participating earlier. This creates the
appearance of positive program impact in the aggregated data; however,
the original participants show no improvement above and beyvond that which
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could be attributed to aging. (The new additions to the program were
healthier due to a policy set by the local government doctor to stop
serving the most seriously malnourished.)

Volume VI reports this study in more complete detail.

THAILAND

The Thailand Rice Fortification Project, conducted by Drs. Stanley N.
Gershoff and Robert D. McGandy of the Harvard School of Public Health,
was more of a research study than an intervention—a study to measure the
health benefits to be derived from the fortification of rice with lysine,
threonine, thiamin, riboflavin, vitamin A, and iron. At the time of the
project's conception (1968), scientists were arguinz the issue of the wisdom
and efficacy of large-scale protein fortification. This was a field study to
provide mcre evidence for that debate.

The Chiang Mai region of Thailand was selected because the study area
had to: (1) have a population that derived the bulk of its calories from
rice; (2) provide evidence of protein malnutrition; and (3) have infectious
disease not so rampant as to obviate the beneficial effects of the program
(Map 8). Although the main component of the program was rice
fortification, day-care centers were constructed in some villages to
demonstrate the good intentions of the intervenors, and a small-scale
education program was conducted in the villages to secure the cooperation
of the villagers. These last components provided the community embedding
components for the study. The study was terminated in January of 1975
(it was actually begun in 1971) without any scaling-up.

Thailand - Data

Children from the 29 villages were given physical exeminations twice a
year—once in the dry season after harvest and once in the monsoon season.
Anthropometries plus some biochemical tests were made, and eclinical
observations were systematically recorded. Hand x-rays were taken yearly
and morbidity data were collected starting in 1972. (The data are the
most extensive medical data available to CSF.)
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MAP 8 - RICE FORTIFICATION PROGRAM - CHIANG MAI, THIALAND
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The 29 villages were divided into five groups, with each group receiving
a different combination of fortification and/or day care centers. One
group was designated as a pure control, one as a placebo control with day
care centers, two with different types of fortification and day care
centers, and the fifth with just fortification.

Thailand - Analysis

The analysis reported in the literature by the original study team
concluded that there was a major change in the population during the
study but no positive effects of fortification. The children who received
little or no fortified grain experienced the same change as those who
received the grain regularly (Gershoff, 1977).

The conclusion was reached by the study team after examining mean
heights and weights of participating children at the start and at the
conclusion of the study. Comparison with middle-class Bangkok children
provided evidence that the Chiang Mai children remained deficient in these
measurements even after experiencing the secular change.

Using the same data, we reproduced this analysis comparing the
children to the Harvard growth standard. The results were similar;
however, looking only at performance with respect to the weight-for-age
measure, -the improvement almost disappears. Whereas heights increase
during the study period, weights increase at a lesser rate. As a result,
malnutrition as defined by the Gomez classification and Harvard standard
diminishes only a very small amount. Again, the control and placebo
control groups fare as well as the groups receiving for;tified grain,

Explanations for this observed outcome are purely speculative. First,
the chosen fortification proteins may not have been the limiting factor in
the diets of the children. Second, the children of Chiang Mai may simply
not eat enough—even though food is available—because of the hot climate
and the boredom of the rice diet. Finally, the determinants of nutritional
status and growth in Thailand may be much broader than either quantity or
quality of rice intake, and changes in those determinants may have masked

the effects of fortification completely.
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Volume VI of this series reports the findings of this effort.

CROSS-SECTIONAL AND OTHER STUDIES

The seven interventions described above generated the eight prineipal
data sets used in this project. However, use was made of two cross-
sectional data sets to test methodological questions, and the experience of
Barton Burkhalter of CSF with the Papago Indians had a major influence

on our thinking.

Dominican Republie

The Save The Children staff in the Dominican Republic administered a
survey to obtain baseline cata on the Loma de Cabrera region in the
Dominican Republic (Map 9). The SAVE staff in the Dominican Republic
was in the early stages of its implementation of the Community Based
Integrated Rural Development (CBIRD) approach to development. Their
hope was to use the results of the survey to identify problem areas in the
region, and to establish the baseline from which subsequent progress could
be measured.

The survey was coded and keypunched at CSF, and a preliminary
analysis of the data was returned to SAVE staff in the Dominican Republic
and the home office in Connecticut (Community Systems Foundation, 1978).

CARE

In 1976, CARE evaluated its preschool take-home feeding programs in
Colombia, the Dominican Republic, and Pakistan, and its on-site feeding
programs for preschoolers in Tamil Nadu, India, and Costa Rica (Anderson,
1977). The data included socioeconomic data, consumption data, and
anthropometries for both participants and nonparticipants in the CARE
programs. The data have been used by CSF to test some of its
methodological hypotheses.
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Papago Indians

For the past year, Barton Burkhalter of the CSF staff has been
observing and evaluating a variety o, he interventions in progress for the
Papago Indians in Arizona. While numeric analysis of these interventions
was not formally part of this research project, the insights obtained from
a review of the nutrition-related programs and the information system
utilized by the Indian Health Service has been very helpful.

LEARNING FROM THE ANALYSES

The data sets and analyses described in this chapter form the "data"
for the larger project to analyze community-level nutrition programs.
Although much was learned about the separate interventions (see Volumes
II through VI), this final report must generalize from that knowledge.

An immediately apparent feature of the synopses of the separate
analyses of the interventions is the varying degree of confidence heid in
the findings. It is highly unusual for a research team to acknowledge a
range of confidence in this way. Typically, analysts of social programs are
tempted to create an aura of "high science" in presenting their findings.
Although results are rarely conclusive, they are often presented with
dogmatic assurance. However, to be realistic, analyses of social systems
are quite subjective and are highly dependent on the judgments and
assumptions of the analyst. It is our belief that the reader should be
apprised of those judgments and assumptions and must develop his/her own
estimate of the plausibility of the results.

Table 1 summarizes our own confidence in the findings with regard to
the impacti of the seven interventions. Our level of confidence is the
subjective sum of our separate confidence in the quality and depth of the
data, the consistency of our statistical analyses and, to some degree, our
intuitive feeling toward the subjective and/or non-quantifiable dimensions of
the intervention and its setting.

In accordance with the research strategy described in the introductory
chapter, we have taken care to present competing explanaticns of the
observed outcomes and to state which of those possible explanations is
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TABLE 2 - ]

SYNOPSIS OF CHARACTERISTICS OF SELECTED PROGRAMS USING PRIMARY DATA

Most Likely

Name & Location Approximate Observed Possible Confidence Type of
Population Outcome Attributions Attribution(s) of Control
Observed or Explanations Attribution Utilized
& Period of Data for- Outcome
¢ Malnourishment e Program effects
dropped from’ o Improvement in environment
Candelarina, 1200 families 29% to 21% o Reduction In disposable income Promotora Program Strong Reflexive,
Colombia (1968-1974) (25% reduction) e Aging population effects statistical
e Diarrhea o Target populalion change
prevalence e Selection biases
decreased
e Reduced diarrheal o Program effects Synergism between Participants
Candelaria, 500 families disease ¢ Target populaticn change Promotora Program Strong & nonparticipant
Colombia (1976) ® 30% reduction in o Change in environment and other programs groups
(Revisitad) pregnancy rate (statistical)
e Malnourishment e Program effects Program effects
Kottar Social 4000 families dropped from o Environmental changes and/or Reflexive,
Services Society in 21 villages 50.2% to 42.5% (drought) improved Strong statistical
Tamil Nadu, India (1975-1977) (15.3% reduction) e Aging pooulation environment
e Selection biases
® Malnourishment e Frogram effects Program effects Treated
Fsperanca 460 children dropped from e Economic conditions :mproved cnmbined with & untreated
Santarem, Brazil in 4 villages 48% to 33% In e Environmental conditions improved economic Moderate communities,
(1977-1979) program village e Aging of - sulation conditions statistical
(31% reduction)
o Malnourishment ¢ Program effects Program effects
Primops 14,700 children dropped from ® Change in target pogpulation combined with
Cali, Colombia (1976-1977) 31% to 27% e Improvement in water & sewer improvements in Moderate Refllexive,
(13% reduction} e Population aging environment and statistical
target population
Rice 1200 children ® Slight reduction e Economic improvement Variouslv treated
Fcrtification in 29 villages in ® Environmental changes Environmental Moderate communities,
Project (1971-1975) malnourishment ® Program effects changes reflexive,
Chang Mai, Thailand statistical
e Slight reduction e Acing population
Community 500 children in e Program effects Aging population Reflexive,
Development in 11 villages malnourishment ® Environmental conditions changed combined with Wenk statistical
Project (1977-1979) ® Selection biases program effects
‘Tangse, Indonesia ® Target population change
o Malnourishment ® Target population change Selection biases
Community 500 children dropped from ® Selection bias combined with
Nevclopment in 11 villages 28.9% to 23.1% ® Drought condition ehanges possible changes Moderate Rellexive,
Project (1977-1978) (20% reduction) ® Program effects in target statistical
Pespire, Honduras population and
environmental

conditions




most plausible. The confidence of attrihution refers to the plausibility of
the chosen explanations—not to the sucecess of the intervention. We had
strong confidence in our attribution three times and moderate confidence

in four others.
We can now turn to the sources of eroding confidence, with special

attention given to the ways that the research strategy can minimize the

problems associated with those sources.
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CHAPTER III
FINDINGS CONCERNING THE MEASUREMENT
OF NUTRITIONAL STATUS

We have argued that the ultimate measure of success for a nutrition
intervention is the long-term change in nutritional status of individuals and
the community as a whole. Unfortunately, nutritional status is not easily
determined and, for a given method of measuring nutritional status, the
definition of malnourishment is a subject of debate. Even in the most
modern clinical setting, medical experts will disagree over the nutritional
status of a given individual; and in the best experimental field setting,
nutrition specialists wili argue over the nutritional status of the
community. This chapter addresses the problem of measuring nutritional
status and the implications of the selection of a method of measurement.

METHOD OF MEASURING NUTRITIONAL STATUS

Many articles in the nutrition literature desecribe the anthropometric and
biochemical tests that can be used to assess the nutritional status of
children under six years of age. We will summarize the advantages and
disadvantages of each method in this section. Readers familiar with the
literature may choose to skip this section, with the exception of the
subsection entitled Anthropometry, which establishes a notational
convention used in this report. For more detailed dizcussions, the reader
is referred to articles by Keller, Donoso, and DeMaeyer (1976), Jelliffe
(1966), and Zeitlin (1977). |

A Basis for Selection
Several factors influence the choice of method used in a particular
program to assess nutritional status. These include:

1. Reason for assessing nutritional status; for example, is it a
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single survey (observation) to determine the nature and
extent of nutritional problems or gather baseline data, or
is it part of a continuous or periodic assessment sciivity
to screen individuals for health care or provide data for an
early-warning surveillance system?

2. Specific cultural attitudes and the availability of relevant
data; for example, the ease of obtaining accurate ages if
using an age-specific measure.

3. The skill and training of the individuals who will be taking
the measurements and computing the nutritional status.

4. The ease or difficulty of obtaining the required data; that
is, special equipment required, special training, ease of
transporting equipment, ete.

5. The location where data will be gathered. Will individuals
be coming to a central location (health post, center, ete.),
or will the survey team or health worker visit the
dwelling?

6. Size of population to be surveyed, time available to do the
survey, and financial constraints.

All of the above considerations are interrelated and have implications for
the precision and reliability of the data collected, regardiess of the method
of nutritional assessment used.

With only a few exceptions where our opinion was requested, the
measures actually used in the ten data sets comprising our data base were
seiected by the change agents in the field. In most instances, we had no
choice but to use the measures that had already been selected. The
anthropometrie, biochemical, and clinical data extant in each of the data

sets analyzed is summarized in Table 3-1.

Standards and Measures

As with most illnesses, malnutrrition manirests itself in individuals in
varying degrees. The severity of a particular case can be determined by
comparing the appropriate characteristics of the afflicted individual with
those of a normal individual. One must select characteristics that most
appropriately mirror nutrition and specify what is normal for those
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TABLE 3-1

ASSESSMENT OF NUTRITIONAL STATUS
IN DATASETS STUDIED BY THIS PROJECT

Arm head Chest Triceps Subscapular
Name of Program Weight § Height { Circumfr. Circuemfr. Circumfr. Skinfold Skinfold BIOCHEMICAL CLINICAL
. Clinical Assessment,
ESPERANCA X X* X llematocrit i.e., skin, hair,
etc. Stool Exan
CANDELARIA X X*
Clinical Assessment
CANDELARIA < PO
REVISITED X X X X i.e., skin, ha;r,
. etc.
i
PRIMOPS X
SAVE THE CHILDREN X x*
HONDURAS
SAVE THE CHILDREN X
INDONESIA
L Clinical Assessment
THAILAND - RICE Hemoglobin '
FORTIFICATION X X X X X X X Hematocrir || X-Ray - tland, Stool
KOTTAR
INDIA X
DOMINICAN X
REPUBLIC
CARFE
(5 datasets) X X X

* Height included in only 1 of the time-series observations



characteristics. The specification of normality for a particular

characteristic is a standard.

Anthropometry. In preschool children, one characteristic that shows
the ravages of poor nutrition is growth. Growth can be observed by
looking at many of the physical characteristics of a child. Those most
often used are weight and height. Unfortunately, these physical
measurements are not constant for all preschool children; therefore, a
standard must be formulated with respect to some other factor that serves
as a basis of comparison—for example, age. Thus, a growth standard is a
postulated relationship between the physical characteristic and the faector
used to facilitate comparison.

In what follows, we will discuss the three ways to look at weight and
height deficiencies most often used in practice. The first is the ratio of
the observed weight of a child to the normal weight of a child of the
same age—weight/weight(age). Deficiency with respect to this measure
reflects either acute (short-term) malnourishment or chronic (long-term)
malnour;shment, or both. The second is the ratio of the observed height
of a child to the normal height of a child of the vame age-—-
height/height(age). Because the structural deficiency leading to reduced
height takes time to develop, this measure reflects a history of nutritional
deficiency (chronic malnutrition). Finally, one can compare the observed
weight of a child to the normal weight of a child of the same height—
weight/weight(height). Because weight loss can be rather sudden, this ratio
is én indication of the severity of acute malnourishment.

The assumption underlying the use of each of these ratios for
monitoring growth performance is that the well-nourished child will grow in
a normal fashion—that is, will follow 1 growth trajectory that approximates
that of some predetermined standard. A We know that a malnourished child
will not grow normally; therefore, a significant deviation from the standard
is an indication of malnourishment. The degree of deviation which
constitutes a malnutrition problem is often expressed as a "classification"
scheme--an indication of the magnitude of deficiency associated with
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selected levels of risk.
The following paragraphs discuss the relative merits and drawbacks of
these most often used measures of nutritional status.

Weight/Weight(Age). Weight is the most frequently collected

anthropometric measurement. It reflects the total body mass of the child
- at a particular point in time. The advantages of using weight to assess
nutritional status are that the data are relatively easy to gather in the
field, and no clinically trained staff or specialized equipment are required.
Apart from the problems of obtaining accurate weight, correet birthdates,
and selecting a reference standard, the major disadvantage of using weight
for age is that it is a composite indicator of both acute and chronic
malnourishment. Thus, using weight for age can overstate the uctual level
of malnourishment in a particular population, because it will include
children who are simply small for their age because of prior stunting or
genetic differences.

If the approach of measuring changes in weight-for-age in the same
children is used in a longitudinal investigation, more vacéuracy is required
in the measurement procedures, because errcis become amplified when
comparing differences. For instance, suppsse that a two-year-old weighed
10 kg. at the first measurement and 5 months later he weight 12 kg. The
improvement in weight would bz 2 kg. Yet if there wss a 5% error in
only one of the measuremcnts, making the correct second weight 11.4 kg.
instead of 12 kg., the change introduced in the difference between the

2 weights would be .6 kg., or 30%.

Height/teight(Age), Height is an indicator of the structural growth of

a child. It is more difficult to measure accurately in a remote setting
than weight and, therefore, is found more frequently in cross-sectional
studies, where the difficulties of measurement must be overcome only
once. -

The advantages of using height-for-age to assess nutritional status are
many. The distribution of height is narrow, so the effects of small
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measurement errors are magnified. Height/height(age) is not a good
indicator of nutritional status in infants or young children because of the
time lag before an impact on skeletal growth occurs. The interpretation
of height deficits and the degree of stunting are closely related to age. A
normal child takes three to four years to double its length, so normal
increased in length are slight in relation to length at birth. Genetic or
ethnic differences in stature are also reflected in height measurement.

The equipment required to measure height is relatively simple, but
cumbersome. Provision must be made for taking recumbent measurements
on infants and young children, as well as standing measurements on older
children. This does not present a major problem if measurements are done
at a central location, for example, a health post, but is more difficult if

equipment has to be transported from house to house.

Weight/Weight(Height). Using a weight/weight(height) ratio to assess
nutritional status adjusts for the influence of height by comparing weight
with a reference group of the same height, rather than of the same age.
Weight/weight(height) is expreséed as the ratio of the reference median

weight for median height at each age. It is a measure of the thinness or
fullness of the body, and indicates present nutritional status.

The major advantage of using a weight/weight(height) ratio for assessing
nutritional status is that it is considered to be relatively age-independent.
The disadvantages are that it requires two anthropometric measures—weight
and height—and it does not provide data on the duration of malnutrition or
of past malnutrition. Because of the difficulties of measuring height in
infants, weigl :/weight(height) is a more appropriate method for assessing
nutritional status in children age two or older.

Weight/weight(height) and height/height(age) can be combined to form a
two-by-two grid that differentiates children into four categories: wasted
and stunted, wasted but not stunted, not wasted but stunted, not wasted
and not stunted (normal). This is called Waterlow grid. It provides the
maximum amount of information regarding nutritional status that can be
obtained from weight, height, and age (Waterlow, 1972).
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The following paragraphs discuss some of the other anthropometric

measurements that have been used by some intervenors in the past.

Arm Cirecumference. The arm circumference measurement is used to

assess the muscle mass or protein reserves of the child's body. Musecle
wasting is a general characteristic of protein-calorie malnutrition, so arm
circumference can be used to determine nutritional status. When combined
with the triceps skinfold measurement, the fat and musecle circumferences
and cross-sectional areas can be computed for the upper arm, thus
indicating both calorie and protein reserves.

Arm circumference has buen widely touted as o sereening and
surveillance technique because it requires virtually no equipment, is easy: to
determine, and is not age-dependent between one and five years. It is
adequate for determining the level of malnourishment of a community or
specified population, but does not diseriminate sufficiently to be used alone
in determining the nutritional status of individual children for diagnostic
purposes.

The measurement is made by locating the midpoint on the upper arm
between the shoulder (acromion proceSs of the scapula) and the elbow
(olecranon process of the ulna). The midpoint of the arm must be
accurately pinpointed, which requires a trained individual to palpate the
shoulder and elbow to locate these processes. A flexible steel or fibre-
glass tape is usually recommended for obtaining the measurement. It can
be marked in centimeters or color-coded.

There is a relatively large standard error in measurement which,
combined with the narrow distribution of data, necessitates large groups of
children being measured to obtain an accurately scaled assessment of
nutritional status. Errors generally result from the tape being placed
incorrectly on the midpoint or being pulled too tightly. Thus, there are
relatively high inter- and intra-examiner errors.
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Thigh Circumference. The thigh circumference is a measure of physical

growth and development. It can be used as a simple screening and
surveillance technique, particularly for children under two years of age.
The thigh circumference has many of the same advantages and
disadvantages of the arm circumference measurement. Its use is most
appropriate in areas where thers are very limited health facilities, few
scales, and a low literacy rate. Thigh circumference will indicate those
severely malnourished children, but does not differentiate between normal
and mildly to moderately malnourished children.

Thigh circumference is age-independent between twelve months and five
years. The measurement requires a standard tape or color-coded tape, so
the values can be recorded in centimeters or colors. Some of the
disadvantages of thigh circumference are:(l) the measuring point on the
mid-thigh must be located accurately; (2) modest older children can present
problems; and (3) swelling due to edema causes severely ‘malnourished
children to appear normal in thigh circumference. Inter- and intra-
observer reliability is also a source of error. |

Chest/Head Circumference. The chest/head circumference rativ can be

used to detect protein-calorie malnutrition in young children between six
months and five years. It is not generally used as an individual sereening
technique but is most often used as a community indicator of the level of
malnourishment in the chiid population.

The two circumferences are equal up to six months of age, after which
the skull grows more slowly and the chest more rapidly. A ratio of less
than one can indicate a failure to develop or a wasting of the musecle and
fat of the chest wall. There is some evidence to suggest that head
circumference alone can also reflect undernutrition that may have occurred
in the child's past (chronic raalnutrition), that is, before age two. The
head circumference measurement can be used with a reference standard,
though variability because of ethnic or genetic differences should not be
overlooked.

The measurement chest/head circumference has the advantage of being
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easy to conduct in the field. A flexible steel of fibre-glass tape can be
used for obtaining both measurements. The chest measurement is more
prone to error because of the problem of crying children and irregular
breathing. If a tape is not available, the two circumferences can be

compared using string.

Triceps Skinfold. The triceps skinfold measures the subcutaneous fat

layer over the triceps muscle between the shoulder (acromion process) and
the elbow (olecranon process). The triceps thickness estimates the
contribution of subcutaneous fat to the arm circumference and gives an
indication of the calorie reserves in the child's body. This method is most
often used in conjunction with other nutritional status assessment
techniques. ‘

The measurement instrument is a skinfold caliper. This has rectangular
jaws with a flexible head and exerts a constant pressure of 10 gm/sq. mm.
The same midpoint on the upper arm that is used for the arm
_eircumference rmeasurement is used for the triceps skinfold; however, the
measurement point is on the back of the arm over the triceps muscle.
The skinfold is lifted up between finger and thumb and the calipers applied
about 1 em. below fhe examiner's fingers.

The triceps skinfold measurement is difficult to measure accurately.
Most studies recommend that two or three measurements be made on each
child and the results averaged. Thus, although requiring minimal
equipment, the triceps skinfold is difficult to implement in the field,
because it is subject to much measurement error and requires highly

trained examiners.

Biochemical Tests. Several biochemical tests can be used as indices
of malnutrition, but most are impractical to apply in a field setting in
developing countries. In any casg, biochemcial tests should always be used
in conjunction with an anthropometric method for assessing nutritional
status. The objective of most biochemical tests is to assess the nutrient
levels in the body, as these levels may be affected before clinical and

59



anthropometric changes appear.

Nutritional anemia, vitamin A deficiency, and protein-calorie
malnutrition are major problems in many developing countries. With the
exception of hemoglobin and hematoerit, most biochemical tests are too
costly and time consuming to perform in the field. The protocol for
collecting and storing specimens also contributes to the difficulties.

Hemoglobin or hematocrit are the biochemical tests most frequently
conducted in the field. The results are used to determine the prevalence
of nutritional anemia. Hematocrit determines the volume of packed red
corpuscles in the blood, while hemoglobin gives the red cell count. Both
require only a finger-prick of blood, do not require refrigeration of the
specimen, and are not affected by a recent meal. The hematocrit is
easier to do in the field because it requires only a centrifuge which can
be run from a generator or car battery and does not require highly trained
lab technicians.

Hemoglobin levels can be measured by chemical analysis of iron,
measurement of segments in the blood, and measurement of the physical
properties of blood. Instruments and equipment required range from simple
to very expensive.

In both the hematocrit and hemoglobin the greatest potential source of
error is in the collection of the blood, the quality of the pipettes, and
inaccurate interpretation of results. Like the anthropometric measure,
there are suggested cut-off points defining hemoglobin and hematoerit
deficiency. For example, WHO guidelines are that thirty-one to thirty-four
percent scores on hematocrit indicate mild anemia, while anything lower is

severe anemia.

Clinical Tests. Some progt"ams that screen for malnutrition in a
target population also include a clinical assessment of the physical
appearance of the child. The clinical signs most related to protein-calorie
malnutrition and vitamin A deficiency include muscle wasting, edema,
changes in skin and hair, and Bitot's spots and night blindness. Generally,
these signs appear in cases of severe malnutrition but are not useful for
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detecting the earlier stages of malnutrition. While it is relatively easy to
train someone to look for clinical signs in the skin, hair, eyes, mouth,
abdomen, and musculo-skeletal system, it is always a subjective evaluation

on the part of the observer.

IMPLICATIONS OF USING ANTHROPOMETRY TO MEASURE
NUTRITIONAL STATUS

At the beginning of this chapter, we stated that the measures of
nutritional status used throughout this study were selected by the change
agents responsible for collecting the data in the field. Following common
practice, these agents relied on weight, age, and in some cases, height
data. In this section, we focus on some of the implications of this
practice on analysis and interpretation. Although anthropometry is still the
most efficient and most accurate way to quantify malnutrition in the field,
it proves to be quite troublesome for the analyst concerned with

evaluation.

Standard Selection Can Change Observed Outcomes

Thére is little agreement in the field on whether it is appropriate to
use a local standard that accounts for genetic or cultural differences in
populations or some absolute standard that all populations should achieve.
We cannot resolve this problem; it is a subject for additional scientific
study. We can point out that most "normal lines" are approximately
parallel. Thus, an analytic methodology using the continuous underlying
variable formed by computing the observation to a reference standard (not
a categorical classification based on cut points) will yield approximately
the same result for all "normal lines." We have computed all of our ratios
in this study using the standard used at the intervention site and a
standard based on the Harvard Standard reported in the literature (Nelson,
1969). Because of its current popularity, the National Center for
International Health Statistics Standard supplied by the Center for Disease
Control was used in some of the data sets as well (Hamill, 1976).

Second, in addition to the debate on local versus absolute standards,
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there is the debate over sex-differentiated standards and unisex standards.
Here, the difference is more than a parallel shift in standard. Particularly
in cul';ures where male children are favored, use of a local sex-
differentiated standard will mask the sex discrimination in the society by
building it into the construction of the standard. Table 3-2 illustrates this
phenomenon with the Candelaria-revisited data. The relationship of sex
and nutritional status is determined using a Chi-square test for both the
unisex Candelaria standard and the sex-differentiated Colombia standard.
(The same classification was used in each.) As anticipated, the sex-
differentiated standard shows no relationship; the unisex standard shows as
significant relationship. '

Third, there is no agreement with respect to the appropriate
classification for identifying the malnourished. Altho’igh ana}ysis can be
done using the ratio of an observed value to a reference standard, a
classification based on the ratio is far easier to use in the field (or in a |
clinic) and it provides a convenient method for presenting analytic results.
Furthermore, a classification enables the intervenor and/or analyst to
focus on those most at risk. For example, the Gomez weight/weight(age)
standard is defined by a normal line based on observed weights for a
presumably healthy population in Mexico and a four-way classification of
nutritional status. Gomez called everyone whose weight/weight(age) ratio
was eighty-six percent or more of the standard, normal; children falliing
between seventy-six and eighty-five percent, grade I; children falling
between sixty-one and seventy-five percent, grade il; and finally, children
sixty percent and below, grade Il (Gomez et al., 1955).

Gomez felt that these grades conveyed the sense of "at-risknes “ in a
useful sur.mary form. The convenience of using a classification in the
field arises because it is unnecessary to calculate the indicated ratio. It
is sufficient to plot a child's weight on a growth chart that is already
partitioned into the categories. Other approaches to classification include
such things as the designation of children as malnourished if they are
below one standard deviation of the norm.

Any analysis based on a categorization is highly dependent on the
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TABLE 3-2

COMPARISON OF SEX-DIFFERENTIATED AND UNISEX
STANDARDS - CANDELARIA REVISITED

Colombia Sex-Differentiated Standard

Nutritional
Status
\\\\\\\\\‘ Grades 2 and 3 Grade 1 Normal
Sex
34 104 284
Male (32) (102) (288)
30 101 - 297
Female . (32) (103) (293)

Chi-Square = .54245:

not significant at the .05 level

Candelaria
Nutritional
Status
\\\\\\\\» Grades 2 and 3 Grade 1 Normal
Sex .
21 ‘ 69 330
Male (27) (84) (309)
34 100 293
Female (28) (85} (314)

Chi-Square = 10.899:
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categorization used. To illustrate how much the choice of both the
"normal line" and "cut-points" can change just the simple rate of
malnourishment, Table 3-3 is presented with four different combinations.
The data are taken from the Esperanca intervention, which used the
_classical Gomez normal line and classification. We applied our version of
the Harvard standard, which is more stringent, and the cut-points of 9096,‘
80%, and 70%. The percent of the population categorized as normal
ranges from 33.2% to 63.6% while the percent labeled grade III ranges
from .7% to 8.7%. (We should point out that one cause for the
proliferation of standards is the desire of local areas to portray their
malnutrition problem in such a manner as to justify increased funding. A
mere shift in cut points or normal line can drastically change the severity
of the malnourishment problem.)

A single dramatie illustration of the importance of the selection of the
Standard and Classification can be drawn from the KOTTAR data. A
local, unisex standard was taken from the growth chart used in ‘the‘ field
for on-site diagnosis of problem cases. The cut-points of the classification
were estimated from the diagram. Using this standard, the percent of
children in the community suffering from second or third degree
malnourishment dropped from 50.2% in January of 1975 to 42.5% in July of
1977. Using the NCHS/CDC standard and the Gomez ciassification, the
halnourishment rate dropped from 50.4% to 45.5%--a difference of
4.9 points, as compared to the 7.7 points of the local standard. Note that
the local standard was probably printed on the growth chart at a slight
angle, causing older children to appear healthier than they really were. In
the latter time périod, there were more older children; therfore, the
aforementioned "discrepancy" ocecurred.

We cannot resolve this quandary. More research to define "normal"
must be urdertaken. We have computed all our classifications using the
locally applied cut-points and using the ninety, eighty, seventy percent with
the Harvard Standard. But in order to simplify comparisons among
“different projects already analyzed by others, we have placed each of some
fifty different standards in a data base management system which allows
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TABLE 3-3

NUTRITIONAL STATUS IN ESPERANCA --
DIFFERENT NORMAL LINES AND CLASSIFICATIONS

NORMAL LINE . Grade 1 Grade 2 Grade ! Normal Total
Classification(%) 30-60 61-75 76-85 86+

GOMEZ Number 6 85 210 526 827
Percent of Total .7 10.3 25.4 63.6
Classification (%) 30-60 61-75 76-85 86+

HARVARD  Number 10 110 276 372 828
Percent of Total 1.2 20.5 33.3 44.9 '
Classification(%) 30-69 70-79 80-89 90+

GOMEZ Nuniber 34 134 233 426 827
Percent of Total 4.1 16.2 28.2 51.5
Classification(%) 30-69 70-79 80-89 90+

HARVARD  Number 72 224 257 275 828
Percent of Total 8.7 27.1 31.0 33.2
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for the shifting of results from one standard to another.

Anthropometry Leads to Misclassification

An anthropometric measure, by its very definition, will misclassify some
segment of the population. Consider the case of a weight/weight(age)
standard. Such a standard is derived by measuring "normal" children of all
ages to be covered by the standard. Usually, the mediun weight for all
the "normal” children of a given age is selected as the reference standard.
A curve is formed, using any of a variety of curve-fitting techniques, so
that the standard appears to be continuous. The distribution of the
observed weights about the curve for a given age is usually normal or
bell-shaped. (In developed countries, there is often a skewness in the
distribution; children in the uppermost percentile are often further from
the median than children in the lower-most percentiles.) Some of these
"normal" children will fall in the extremes on tails of the distribution and
would be classified as malnourished if they were encountered in a
developing country. In fact, in any study, some "norinal" children will be
identified as malnourished because they naturally fall into the extremes of
the, distribution. There is a built-in bias in the weight/weight(age) measure
to classify small but healthy children as malnourished. Similar arguments
can be made for the other anthropometric standards as well.

Conversely, some malnourished children in developing countries are no
doubt misclassificd because they are sufficiently big to appear normal
relative to an anthropometric standard, while actually they are
mainourished. Because there is no absolute measure of malnourishment to
serve as a standard, it is impossible to estimate accurately the degree of
error built into the use of anthropometric standards.

Also, child-age in months is a required datum for most anthropometric
measurement, because nutritional status is computed by comparing an
observed measurement with the reference standard for a given age. In
many cultures there are problems associated with obtaining correct
birthdates. This is further complicated by errors that can occur when
calenating age in months. Errors in birthdate and/or age in month
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calculations can ocecur for several reasons:

1. Lack of documentation of birthdate. Most children are
born at home and births go unregistered. In some
countries one has to pav to register one's child, and the
cost is higher the older the child. Thus, there are
situations where even the document may understate the
child's age.

2. Incentives exist for misreporting a child's age so that
. he/she may remain eligible for program beneifts.

3. Program staff, healli workers, ete., have problems
converting age in years to age in months.

4. The protocol regarding the rounding up or down of months,
depending on the number of days, is often unclear.

Anthropometric Measures May Not Respond to the Intervention
Although deficiencies with regard to height and/or weight in children
are indicative of poor nutrition, an intervention which "works" may not
result in an equal and opposite response in those measurements in all
malnourished children.
First, one should expect that only some subset of a community is in a
condition conducive to responding to an intervention.

Indeed, in those rare studies where one has looked for a dose-

response on performance, health and survival, throught inproved
nutrition in man, one finds a significantly lessened henefit as
one improves nutritional state even at levels of the indicators

universally accep.od as inadequate. This means that for many
indicators of performance, health and survival, cne may not
expect much improvement after intervention, unless the levels
of the indicators in the malnourished population are quite
different from normal levels in well-nourished regions.
(Habicht and Butz, 1277; 138)

In the communities included in this study, many children were at or near
normal at the outset. Because these children may not show any responses
to an intervention, any aggregation over all children to show community
responsiveness may mask the improvement in these children who were more
deprived and more likely to reszpond.
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The "intuitive" reaction to this phenomenon is to include only seriously
malnourished children in the data set used for evaluation. However, for a
variety or reasons to be expanded upon in the next chapter, there is a
natural "regression toward the mean" in most collections of children.
Concentration in analysis on only the most malnourished would require the
separation of program impact from the "natural" recovery found in that
subset of the population.

Second, there is evidence that some of the benefit of an intervention,
particularly one that directly improves consumption or alleviates a situation
causing existing consumption to be inadequate, manifests itself in ways
other than greater growth.

In the connotation of energy balenve, the must logical
explantion of the apparent inefficiency of the growth response
is that a substantial part of the additional energy intake is
applied to (a) a "deadaptation" process such as restoration of
basal metabolic rates toward normal, and/or (b) an increase in

physical activity probably expressed as play. (Beaton and
Ghassemi, 1979; 35

For any particular intervention strategy, it is not known at what point
deadeptation ends and growth begins; therefore, one cannot state that that
strategy is not werking entirely on the basis of anthropometric
measurements of growth.
Finally, stunted children may never exhibit the catech-up growth required
to appear normal.
The inference from the statistical findings in this study is that
the chronic malnutrition, particularly during periods of rapid
growth, results in irreversible growth stunting . .. If
conditions improve, the child will be unable to catch up
completely for uall lost growth because biological time has
passed and, with it, the opportunity for some growth. The
catch-up that can take place is a function of the extent to

which maturation was delayed 'and more "time" exists for
growing. (Martorell, R., 1979; 387)

This is sufficiently important to merit detailed elaboration. Consider an
individual for whom only weight and age have been collected for several
points in time. Assume that the first of these measurements was made
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when the child was eighteen montths old and that the weight/weight(age)
of the child at this tirne was seventy percent. Assume that child remains
at near seventy percnet of the standard throughout. The first response to
this pattern is that the child was unaffected by the intervention. In fact,
this conclusion cannot be drawn. Weight/weight(age) is a composite
measure of chronic and acute malnourishment. If the child had suffered
chronic malnourishment early in life (which may be nothing more than the
aggregate effect of several bouts of acute malnourishment), he/she may be
unable to regain the growth in skeletal structure (height) necessary to
permit him/her to gain the weight that would improve his/her
weight/weight(age) score. Thus, no change in percent of standard does not
necessarily imply no program effect. An increase may well indicate an
effect; a decrease does not indicate no effect.

The net result of this phenomenon is that for an individual, it is
impossible to test for program effect using a limited time series of
weight/weight(age) ineasures. A partial exception of this is the case where
the time series begins at the time of the child's birth. A plot of the
child's weight against age over time would then produce a complete
trajectory for the child, indicating periods of acute malnourishment. From
this chart, it may be possible to set a reasonable expectation for growth
change, based on past history. For example, if a child's trajectory took a
sharp dip just prior to the intervention (Figure 3-1), no change in percentile
would mean no effect—prior stunting would not account for the lack of
gain.

However, if there were no such dip, one could attribute the low
weight/weight(age) score to either stunting or genetic difference. In this
case, (Figure 3-2), we would expect no recuperative growth.
Unfortunately, even in this case we cannot distinguish between stunting and
genetically induced smallness; therefore, weight trajectory from birth is
still only a pa'rtial solution.

Assuming that weights have not been routinely recorded prior to an
intervention, the best way to assess the progress of a single child is
through measurements cof weignt, age, and height. A low
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FIGURE 3-1
INDIVIDUAL WEIGHT TRAJECTORY--ONE BOUT OFbACU'I‘E MALNOURISHMENT
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FIGURE 3-2 :
INDIVIDUAL WEIGHT TRAJECTORY--CHRONIC MALNOURISHMENT
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weight/weight(age) reading coupled with a low height/height(age) score
implies stunting. Furthermore, the weight/weight(height) ratio tells
whether the child is currently in a wave of acute malnourishment in
addition to this chronic condition. Again, however, if the child was
stunted but scores well on weight/weight(height), we can not expect the
intervention to produce growth. Thus, for an individual who has suffered
chronic malnourishment, it is impossible to state that an intervention has
failed. Of course, by recording height as well as weight, we cut down on
the number of individuals for whom we do not expect growth; therefore,
we recommend the use of height, as well as weight und age when field
conditions allow.

In most of the interventions studied during this project, weight, height,
and age were not gathered on children from birth. We must, therefore,
consider the effect that this "missing"” element will have on our analysis.
The‘ arguments have pertained to a single individual. What happens when
we aggregate over all individuals? Unless every malnourished child at the
start of the intervention had a hfsfory of chronic malnourishment and was
currently normal in weight/weight(height), some children would improve.
Thus, in the aggregate, we should see some decrease in the percent
malnourished; however, this will understate the true effect of the prograr.,
since some children who benefit will not show a change in growth pattern.

In summary, the flaws in the anthropometric measurements are not
trivial and, more importantly, they lead more often to an underestimation
of change in nutritional status than to an exaggeration. |
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CHAPTER IV
FINDINGS CONCERNING DATA HANDLING

A major aspect of the effort to analyze community-level nutrition
programs has been the acquisition, cleaning and analysis of longitudinal
data sets generated as a part of those programs. Although experienced
research social scientists are familiar with the procedures for developing
and maintaining data, action-oriented intervenors in the third world are
usually not proficient in this area. Furthermore, adequate technology and
labor skill levels are generally not available in the field. Therefore, extra
care must be taken in handling data in community settings where paper
and pencils are uncommon and computers are science-fiction. In assessing
our confidence in attribution for the separate case studies, the quality of
the data played an important part.

We begin by enumerating several principles of design for collecting
longitudinal data during the course of an int--. ention. These principles are

a response to the problems encountered in our own analysis effort.

PRINCIPLES OF DESIGN

I. Know why you are collecting data before you begin. -

There are many reasons for embarking on a data collection activity as
part of a nutrition intervention and, in fact, many such "purposes" can be
satisfied by a single data collection effort. However, the design of the
data collection procedure must reflect the multipie purposes for its
existence in order to achieve its goals..

We have seen data collected for six purposes:

1) Diagnosis - the identification of a target population (or

individual) and the problems facing that
population (or individual).
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2) Education - the teerhing of basic concepts of health and
nutrition to service recipients through data
gathering; for example, the education of
mothers through the use of weight charts.

3) Managem: - the rationalization of decision-making by
program leaders, particularly with respect
to the allocation of resources to subsets of
the target population, or between types of
services made available to program
beneficiaries.

4) Research - the enhancement of knowledge accruing to the
"experts" with respect to the causes and cures
of malnutrition.

" 5) External Evaluation - the dctermination by program
backers (outsiders such as US/AID)
of the relative merits of
supporting or abandoning a
particular program.

6) Bureaucratic Requirement - the meeting of requirements
‘ set by organizations
controlling the resources

flowing into a program.

Consider the potential conflict posed by bureaucratic requirement,
‘external evaluatioh, education, and diagnosis with regard to the time
interval for measuring the growth rate of children. Supnose a home-based
supplementary feeding program (under PL 480) supplies a ration based on
the number of malnourished children observed in the previous month,
Thus, children must be weighed monthly to generate the required roster of
beneficiaries. An external evaluation of such a program might require
annual or semi-annual measurements of nutritional status. Education of
the mother with regard to the importance of "putting on kilos" might call
for quarterly visits—enough time for the mother to see a positive weight
change. The diagnosis of at-risk children might call for monthly or
quarterly measurements, depending on how often it is felt children must be
checked to prevent catastrophic rapid decline.

This hypothetical situation did, in fact, exist in Honduras, where food
supplementation was incorporated into a general Save the Children rural
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development effort in the Pespire region. The bureaucratic requirement of
generating lists of malnourished children to set thc ration led to monthly
measurements. The logistics of getting the children to the scale—a task
that fell on the mother—were prohibitive. The program was later modified
in response to the logisties problem and the realization that quarterly
measurements were sufficient for diagnostic purposes. This modification
coincided with a general overall review of the data gathering activity, a
review that, according to Principle I, would have best preceded the first
pass at data collection. Ultimately, the weighing program (and food
supplementation program) were stopped, partly because the staff and the
community were unable to overcome the image of chaos that formed
during the early months of weighing.

Corollary la. Make sure your field workers understand
why you are collecting data.

This corollary to Principle I is, perhaps, more important than the
principle itself. In any event, it is more often overlooked in practice. In
one of the interventions we studied, a baseline study of one village was
executed with the help of outside consultants (one, a CSF staff member).
An indigenous staff member of the project team was so impressed with the
benefits of determining nutritional status of children through weighing that
he initiated a study-wide weighing program; except that he forgot to
record the weights. No one had explained the importance of observing
changes in weights over time as a more sophisticated way to identify
children who were at risk; therefore, the oversight. '

The quality of the data--its precision, its completeness, and its
timeliness—is a function of the commitment of the field staff to the data
gathering activity. This commitment becomes more than a perfunctory
doing of one's job only when the staff .understands why they are collecting
the data and, especially, when the staff )uses the data to help the program
beneficiaries. .
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II. Design the system for flexibility.

In Chapter VI, we develop the argument that one element contributing
to the success of an intervention is a commitment to self-monitoring to
guide program revision as the intervention matures and the local
environment changes. The analysis of a longitudinal data base is one way
to achieve such "informed incrementalism." Our experience suggests that
attempts to review some portion of a longitudinal data set while an
intervention matures invariably suggest additional changes for the data
collection protocol. Also, changes in the program itself often suggest
modifications of the data base. A good data system will be able to
respond to such suggestions.

In an intervention studied in which children were observed periodically,
an experiment using arm bracelets on children as a surrogate for weight
measures of nutritionai status was undertaken. However, forms for
recording collected data as well as the formats for making the data
machine readable were unable'. to accommodate the experiment
conveniently. The outcome was a haphazard attempt to append another
column (or two) onto each card with the re.ults of the "bracelet"
experiment. The ensuing data proved unanalyzable; because of the
inconsistent and incomplete use of one or two additional columns, it was
never known who .:ctuaily participated in the experiment.

An ongoing data collection process will assuredly require the recording
of special variables or new variables as experiments are tried, and/or
environmental conditions change. The system, whether machine oriented or
manual, should easily adapt to such changes. Data forms and formats need
not be etched in rock; they, too, must grow during an intervention.

IlI. Feed back results of data gathering to field
personnel and management.

We made reference earlier to the positive role feedback plays in
contributing to the commitment to the staff. This is sufficiently
important to become a prineciple in itself.

In one intervention, the number of simple récording and/or keypunch
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errors resulting in a data value being out of range increased from 4.9% to
15.7%, to 16%, to 18.4% with each distinct batch of collected data. Yet
feedback designed to restore accuracy was not given to either the
collectors of the data or the data processing people.

Feedback not only contributes to commitment; it shows where errors
are rmade. Thus, a table ordering program participants by weight as a
percentage of weight/weight(&ge) standard shows immedidtely some
"unbelievable" values. For the Indonesia intervention, such a table was
generated to check on the stated ages of children whose calculated percent
of standard were unusually high or low. '

Finally, feedback boosts the morale of field werkers by demonstrating
results. In several sets, our feedback triggered positive response in field
workers simply because it meant that someone "really cared." The results
were less important than the notion that the Jata were being used.

PRINCIPLES OF IMPLEMENTATION

I. Collect unambiguous data.

This project received most of its data after it had been collected and,
in most cases, there were sources of ambiguity. In some cases, the
ambiguity could be resolved through hard work; in others, the ambiguous
data were useless. The causes of ambiguity are many: a poorly designed
questionnaire, an awkward recording form, a badly conceived coding
scheme. Even a well-executed data gathering scheme goes awry if field
personnel are haphazardly trained in its application.

In one data set, weight measurements were taken in pounds at the start
of the program but, somewhere in the middle of round 2, the units of
measurement changed to kilograms. (In this case, we were able to convert
all the earlier measurements to conform to the others by testing their
logical consistency with the time series for each chi’d, and making a
judgment as to the correct unit.) In another instance, food intake
measurements were recorded by some interviewers in grams while other
interviewers used kilograms. (Aéain, judgments were painstakingly made to
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make the data uniform.)

An exampl~ of a data collection form that stvmied interpretation is one
that asked for the location of consultations made for curative health
services by visit: first visit, second visit, third visit, ete. Our first
assumption was that there could be no second visit during a round without
there being a first during that same round. However, there were many
cases where the data indicated the reverse. The errors may have been in
cur assumption, in inconsistent interpretation by field workers, in coding, in
keypunching, or in all of these. We tested other assumptions as well: for
example, that a second visit could not occur without there being a first
during the time of the program. None explained the data, and it remains
viriually useless.

Our examples thus far seem to illustrate nothing more than sloppy
work; however, there are some sources of ambiguity that even the most
cautious efforts may not preclude. In particular, the . mbiguit,; problem
proves to be exceptionally thorny with regard to identification of the
program participants and their relationships. In computerized systems, an
identification number is usually created for program participants. Typically
this number tries to capture the family, the household, and even the
village of the participating child. Ambiguity creeps in during efforts to
define these terms.

Consider the simple concept of birth order. It has two immediate
interpretations: order of the child among 1iving children in a family, and
order of a child among all children given birth by a single mother. Both
concepts have potential theoretical importance. Malnourishment may be a
function of the number of mouths that must be fed (the first measure) as
well as the health status and pregnancy history of the mother (the second
measure). Even if both measures are made, what of twins, adoptions,
cousins living with the family, children' of former marriages? In multiple-
family households, the relevant concept may be child's birth order with
respect to all children in the household. A

When analyzing data relating households, families, individuals, and
nutritional status of children, the definitions of these concepts are of
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critical importance yet are extremely difficult to derive. The level of
detail needed to capture all the instances is excessive dnd, even if the
definitions are precise in the "sterile" office of the systems analyst, they
are quite difficult to implement in a questionnaire in the field. We have
an instance where a child's birth order was asked in each round. Many
children experienced widely fluctuating birth orders over the course of the
study. In another instance, every member of the household was uniquely
identified, yet the problem of mateching which child belongs to which
mother in multiple-mother households was overlooked.

Good definitions and clear questions are the keys to avoiding ambiguity.
Field testing the vehicle (questionnaire, form, ete.) used to collect data is
the best insurance of clarity. Also, advance planning with respect to.
analysis (rather than retrospective data manipulation) identifies potential
sources of ambiguity and/or misinterpretation.

II. Do not eschew redundancy in identifying
program participants.

All data collection methodologies, manual or computerized, use some
form of identification for program participants. In manual systems, human
judgment often uncovors cases of mistaken identity. In computerized
systems, such fortuitous discoveries are not made until the computer
stumbles upon impossible situations. In interventions where repeated
observations are made on individuals over a substantial period of time,
mistakes in identification result in children who grow younger, change sex,
and experience weight changes that defy all theories of human growth.
The best way to avoid such errors--or at least provide a means of
correcting them—is to identify everyone twice. For example, in Pespire,
SAVE incorporated the child's sex and birth date on each observation form
even though these data elements were.invariant. Mistakes in ID numbers
were corrected by matching sex and birth date as well.

Unfortunately, we also had examples where a desire for "efficiency"
eliminated all such redundancy. In one case the original data collection
form had sex and birth date but, to save writing and keypunching;, these
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were eliminated in a modified form. The end result was hours and hours
of rectifying impossible matches with, in many cases, the elimination of

"unmatched" observations.

III. Record basic data elements, not just derived variables.

It is wisest to measure and record basic data elements in the field and
categorize, transform, or otherwise derive other variables in a.more
favorable setting (or a computer). To illustrate this principle, consider the
determination of a child's age. If a child's birth date is known, age in
months can be calculated; however, the calculation is not trivial. Even if
the field person collecting the data needs to know age (to determine
nutritional status as a step in prescribing treatment), it is wisest to record
birth date and observation date and recompute age in the office or in a
éomputer. During one of our field visits, it was discovered that
approximately thirty percent of all ages were being calculated incorrectly
by field staff. The team of "experts" conducting the field visit
recalculated all ages in the field and, after recomputation in a mcre
serene environment, it was discovered that they made errors in fifteen
percent of the calculations. It may seem to be "make work" or a form of
redundancy to record the basic data when the derived variable is of
primary interest, but the time and expense saved by not recording basic
data elements is more than lost in subsequent error correction and data
loss.

In the nutrition field, the same can be said for such derived variables
as nutritional status, percent of standard, change in weight between visits,
ete. Although it might be desirable to compute each of these variables in
the field for use in on-the-spot diagnosis, the raw data used in computing
each of these variables should he recorded to allow for corrections in a
more convenient setting at some later date.

Another form of "data loss" is experienced (especially in surveys) when
a continuous variable is categorized prior to its being recorded. Consider,
for example, the age of a child's mother. For many purposes, it would be

sufficient to know in what five~year category a particular mother falls.
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Yet, it is best to record actual age--an element which can then be
recategorized or used as is in analytic procedures requiring continuous
variables. As a case in point, a baseline survey we looked at was done
almost entirely in categorizéd variables to facilitate hand tabulations of
the results. Later, when we put the data into a computer, the losses
resulting from the categorizations were felt in questions such as "How
many total people (adults and children) live in this house at the present
time: =zero to three, four to six, seven to nine, ten to twelve, thirteen to
fifteen, sixteen to eighteen, or greater than eighteen?" Here, a family
with four and a family with nine are only one category apart and are
meanked" the same as two families, one with six people and the other with
seven. This loss of diserimination is easily avoided by recording the

nuinber of people directly.

IV. Record something for every possible entry.

Two extremely frustrating problems encountered during our efforts to
clean data have been: (1) distinguishing a response of "0" or "none" from
missing data; and (2) correcting keypunch errors resulting from keying data
in the wrong columns. Both of these problems can be minimized by using
a unique code for both missing data and "not-applicable" data.

In one nutrition survey, time series observations for individual children
were recorded by entering the month of the observation (2 columns on a
card), the year of the observation (1 column), the child's weight
(3 columns), the health status of the child (1 column), and two entries for
type of illness if sick (1 column each). If a child was healthy, both the
first and second "illness type" fields were left blank. Hundreds of
interviews had at least one instance in which the keypuncher forgot to
leave the blank spaces. Also, many observations indicated a health status
of "sick" but made no entry in the "illness type" fields. In the first case
(omission of blanks), subsequent observations were all "wrong." In the
latter case, it cannot be determined whether the child was really healthy
(an error in "health status") or whether the child was sick (omission of

"illness type"). Both problems would have occurred much less frequently
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had a not-applicable entry been made for "illness type" when the child was
healthy.

V. Check for and correct errors as close—in time
and space—to the source as possible.

The sooner errors are found, the easier they are to correct. Ideally,
errors would be detected on-site within days if not hours..of the time the
data are collected. This would facilitate correction (it might even be
possible to retake suspect measurements) and keep errors from
proliferating.

Recognizing that data collection in remote areas might preclude on-site
checking, it is still best to find and, if possible, correct errors as close to
the source of data as possible. With the exception of two of the data
sets, rione were checked at all until we received the data. The Thailand
data set was cleaned by a fairly complex procedure of error checking in
Boston, correcting back in Thailand, and joint correction of computer cards
in both locations. The data set from Esperanca had some field checking
(our staff was involved in the on-site coding of the baseline study and
supervised the entire revisitation survey), and errors found in Ann Arbor
were made known in the field for correction on-site.

The remaining data appear to have been unchecked, and the expense of
our correcting the data so far removed from the field was outrageously
high. The amount of data lost because we were unable to make a
correction was also considerable. What troubles us most is that much of
this "obviously" incorrect data was used in the field for diagnostic
purposes. Of course, the errors that we find may be coding and/or
keypunch errors; the field measurement may have been accurate. Yet, it
is distressing to find a high percentage of time-series errors where each
individual observation could be correct, but where the sequence is
impossible. In one data set, we had countless incidents where the
recorded age of the child did not change by the amount of time between
observations. Clearly, consistency checks should be made at the time of
the observation to guarantee that prescribed treatment is appropriate.
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VI. Verify all keying in a machine-based system.

In computer-based data management systems, project leaders apparently
underestimate the cost of getting data into machine-readable form. We
presume that these costs are underestimated because of the number of
projects that "save money by not verifying their data entry work."
(Verification is the process by which keypunchers are checked by other
keypunchers to find pure keypunch errors.) In one of our larger data sets,
a third of the cards had some sort of keying error—errors that could have
been caught more efficiently and at less expense by a keypunch operator
than by a highly paid systems analyst.

As a postseript, we return to Design Principle III--feed back results to
field personnel and management. The single most upsetting characteristic
shared by almost all of the data that played a part in this research was
its lack of productive use in governing an intervention. This "disuse" leads
to the violation of all of our implementation principles: ambiguities are
never found, the identification of participants is unnecessary, derived
variables are never found to be in error, missing entries are not at all
troublesome, errors are never corrected, and verification is irrelevant. Use
of the data, by contrast, makes these principles obvious—not just to the

analyst but to the change agent in the field.

PROCESS OF DATA CLEANING

There are essentially three iypes of errors to be corrected in cleaning
data: (1) entries that are out of legal range; (2) inconsistent entries within
a single observation; and (3) entries that, although they appear to be
correct within an observation, are inconsistent with entries that have
preceded it.

Examples of the first type of error are a 12-month-old child who weighs
80 kilograms (a "normal" 12-month-old ;/veighs on the order of 8 kilograms)
or a sex reported as "3" when legal codes are "1" for male and "2" for
female. Examples of the secona type of error are instances where a
health status indicator might be "well" at the same time a disease type

indicator says "measles," or a mother says No when asked if any children
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have died, yet when asked how many have died answers two. Examples
of the third type of error are a child whose birth date post-dates an
observation date or whose weight ranges from 7 kilos to 7.2 kilos to
4.3 kilos to 7.5 kilos over short time intervals.

Each type of error can be generated by measurement problems, coding
or transcription problems, and/or keypunch problems. Unfortunately, unless
the original data collection forms are available, there is usually no way to
know how an error came about. (Some keypunch problems are "obvious,"
such as an entire card shifted one column.) Whatever the cause, analysis
requires the elimination or correction of spurious values.

In general, the first two types of error—range violation or inconsistency
within observation--must be located and eliminated prior to locating
consistency errors between rounds in a time series. This is true because
many range violations and within-observation inconsistencies appear as
between-round inconsistencies. The correction of error type one or two
automatically corrects the error type three. Since the latter are most
difficult to correct, it behuoves the analyst to begin corrections with error
categories one and two.

Consequently, the first step in error correction is the identification of
range violations and within-observation inconsistencies. Because each of
our data sets had a unique format, unique programs had to be developed to
perform all such error searches. Fortunately, inany of the "subroutines"
used to check particular variables were transferable between unique master
(mainline) programs. For example, routines to compute time in months
between given dates (birth date and observation date), and to determine
whether a child of a given weight and age is in a reasonabie percentile
relative to a standard, were used in all of our data sets.

Once located, range check violations and within-observation
inconsistencies must be corrected or eliminated. Elimination is the
simplest course of action. In faet, it is possible to set errors to a
"missing code" automatically in the range check programs themselves. In
most cases, we shunned this approach. It was felt that errors probably

appear in atypical situations more frequently than in run-of-the-mill
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instances. Thus, elimination of errors is tantamount to biasing the data
set to the norm by eliminating extremes. We opted for a strategy of
examining all errors, and never eliminated an observation or a variable
within an observation until human judgment determined it to be the only
recourse. Most errors can be corrected, even without referring back to
original data sources.

The foliowing examples illustrate how this was done. The corrected
values for some errors are obvious. In one data set where weight was
measured in grams, a series of observations were in the 70,000 to 99,000
gram range-—apparently a consistent mispunch or miscode of weights in the
7,000 to 9,900 range. Still other range violations are less obvious and
require more subjective judgment. Correction in these cases is optional.
In another data set, "0" was used to indicate a healthy child, "1" indicated
sick, and "2" meant hospitalized. No other values were legitimate; yet,
there were quite a few "3" entries. This particular data set was
keypunched and not verified. The "3" on a keypunch is the same key as
the letter "O." The number "0" is right above the letter "O." A
keypuncher holding the numeric shift key while mistakenly hitting the
letter "O" instead of the number "0" will generate the number "3." The
multiple occurrences of the illegal "3" code in the absence of other
erroneous numeric entries strongly suggest this keypunch error. Thus, the
"3" entries can be reasonably converted to "0."

Consistency errors within an observation can ocecasionally be corrected
in similar fashion. In one of our data sets, a yes/no code was used for
each ossification center in a hand x-ray. Also, the total was recorded.
Some of the time, however, the total did not agree with the sum of the
"yes" responses recorded for individual centers. These could often be made
to agree by changing tne recorded total. Similarly, in another data set, a
question regarding land ownership called for a "1" if the respondent owned
land and "2" if the respondent rented. This question was followed by an
inquiry into amounts of each, subdivided into wet and dry. Often,
respondents claimed ownership while claiming rented acreage of one type

or another and vice versa. In most of these instances, the respondent
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really held both types of land. A new code was created—"3"—for both
ownership and rental.

Once a set of time series data is known to consist of "clean" individual
observations, consistency between observations for a single child can be
checked. Here, by examining the time series, it is often possible to make
judgmental decisions concerning corrections. A child who was male in 5 of
6 observations was probably male for the sixth. Similarly, weight
sequences like 7.2, 7.5, 4.7, 7.8 kilograms can safely be assumed to be 7.2,
7.5, 7.7, 7.8.

Most troublesome among consistency problems between rounds are errors
in identification numbers; that is, the inconsistency arises because the time
series is not really for the same child. We have already discussed the
need for redundancy of identification, yet the argument for designed
redundancy must be repeated, because little can be done in data cleaning
besides deleting the inconsistent entry. Even though it is known that the
entry belongs to another child, there is no way to determine which one.

In almost all settings, there are three types of data that are relevant:
constants, or data which do not change (a child's sex or birthdate);
semiconstants, or data which usually stay the same but over a long period
of time may change (a family's address or income); and variables, or data
which change on a more or less continuous basis (a child's weight or health
status). A good system encompasses the three data types.

Ideally, upon program initiation all three types will be collected. In
essense, this is a baseline survey of the community at the start of a
program, and it is essential that all newcomers (either by migration, births
or program expansion) are surveyed at the time of their first participation
in the program. The design of such a baseline survey is not a trivial
matter. It is important to note one mejor complicating factor: some data
are individual-specific, some are relevant at the family level, and other
data are best viewed from the household's perspective. The '"baseline
survey" should ameliorate this complicating feature.

Baseline data provide the foundation upon which to establish a

continuous monitoring system. If children are to be weighed and/or their
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health monitored over time, a record of each observation should be made.
Because this data is frequently collected, it should be kept to a minimum
quantity to keep staff workloads at a reasonable level. Some constants
from the baseline should be included to guarantee proper pairing of the
incoming data to the existing data set.

Finally, a "resurvey" should be administered periodically (yearly) to
learn of changes in the semiconstant data. A cleverly designed system
might require only changes be added. For example, in a computerized
system, the computer might generate the questionnaire with the previous
answers indicated. Then only changes need be noted. In a menual system,
the old form may be used to indicate changes over time.

To make this system work, rapid feedback of the data must be made
available at all levels to: field persons, management, and the mothers and
children themselves.

A "living" system such as this would need to have built in error
checking devices. In manual systems, certain entries should be checked
against previous entries at the time the data are permanently recorded,
and prior to generating tallies for reporting purposes. In computerized
systems, all entries should be checked against the computer data bank.
We advocate that the historic data base should be assumed correct until a
new and inconsistent entry is proven to supersede an earlier entry. Thus,
a new observation is checked against the data base. If it is correct, it is
added; if it is wrong, it is held out for verification.

The design and implementation of such a system may seem far-fetched
to those familiar with the realities of interventions in developing countries.
To run such a system "manually" suggests scaling down its size to make it
manageable. To use computers in places like Aceh or Santarem may seem
impossible, while shipping data to the United States and shipping reports
back may be expensive and inefficient. -

Yet the use of computers in Aceh or Santarem is reslly quite feasible.
Computer technology is such that for a few thousand dollars, an extremely
useful self-contained micro-processor can be obtained. Micro~-processors

are portable, reliable, and could be used as intelligent data entry terminals
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in the field. If the intervention is not in too remote a setting or is not
too big, this hardware could be used for primary storage and report
generating. Importantly, information stored on this equipment is readily
transferable; most major computer facilities have the capability of reading
data stored on the cassettes or diskettes used by today's micro-processor.
Thus, major "number crunching" and analysis could be done off-site on
bigger machines if necessary.

In summary, one could "register" all participants in an intervention with
a survey type device to get family and household data. Range checks and
within-observation consistency checks would be made in the field. If
possible (if the number of participants is not too great), consistency
between rounds could be field checked also.

In larger time intervals, resurveys could be completed to learn of
changes in socioeconomic status, family composition, ete. The local
economy, weather conditions, and other environmental indicators could be
monitored periodically as well.

Reports would be generated and the capability for producing "special
studies" developed as the system grew. Not only would intervention
managers monitor the program, but they would also assess the usefulness

of the system and make modifications as required.



CHAPTER V
FINDINGS CONCERNING ANALYTIC METHODOLOGY

In the last two chapters, we have identified and discussed two issues
which lessen the discriminatory power of analyses of nutrition programs
using anthropometry. First, the most often used anthropometric
measurements were shown to lack sensitivity to intervention in many
common situations. Second, the data itself were identified as lacking in
completeness and precision in most service-oriented interventions.
Unfortunately, several issues associated with the analysis methodology itself
further complicate most efforts to make conclusive recommendations from
the data. In this chapter, we will identify three such issues which are
largely ignored in the literature on nutrition evaluation. We will then
discuss two analytic procedures we use to minimize the negative aspects of

these issues, and finally we will summarize our overall process of analysis.

THE CONSISTENT UNDERSTATEMENT OF RESULTS

In Chapter II, we reported the results of eight in-depth case studies.
The single most important computation in each case study led to a
comparison of the percentage of malnourished children on site at two
points in time or, when control populations existed, in matched groups
receiving different levels of service. There were moderate to substantial
reductions in the percentage of malnourished in each case and, in severa!l
cases, observed reductions were attributable to the intervention. Given the
mechanical process by which such comparisons are made, there is a
consistent understatement of the differences between groups. The
understatement of differences is a result of the misclassification of some
children as to nutritional status--the magnitude of the understatement is
directly proportional to the magnitude of the misclassification.

Note, this understatement phenomenon is not limited to nutritional



studies alone. Any study relying on a comparison of subjects falling into
classes will also encounter understatement of change. For example, a
study to evaluate the effectiveness of an adult education program in
erasing illiteracy where entering students are classified as literate or
illiterate and retested upon completion of the program will understate
results. However, in such a study, it can be assumed that the test used
to classify the students is accurate—therefore, understatement would be
nil. We argued in Chapter III that such an assumption cannot be made
when anthropometrics are used to determine malnourishment. Normal
children who are genetically small, and malnourished children who are large
boned and heavy will be misclassified even when their weights, heights and
ages are accurately recorded. Misclassification due to misstated ages,
misread weights, and poor scales compounds the problem even further.
Consider a simple hypothetical example of a successful nutrition
intervention. To Kkeep the mechanies simple, assume that 200 children are
participating in the intervention and that they are classified as normal or
malnourished at both the outset and at the conclusion of the program.
Traditionally, observers would state the percent malnourished at the outset,
the percent at the conclusion, compare the percentages and draw a
conclusion with regard to the efficacy of the intervention. = Table 5-1
presents the numerical example. We assume that 15% ‘of all children are
miselassified. In reality, we cannot know the "TRUE" state—we only know
the "OBSERVED" state. In this example, malnourishment dropped from
45% to 40% in the "TRUE" state, a reduction of 11.1%. We observe a drop
from 46.5% to 43%, a reduction of 7.5%. The numbers in the
"OBSERVED" half of the table are computed from the "TRUE" numbers
under the assumption of 15% misclassification. For example, the
107 "OBSERVED" normal children at the outset is 85% of the "TRUE"
normal plus 15% of the "TRUE" malnourished (110 x .85 + 90 x .15 = 107).
A word of warning for the reader is in order. In examining this
example, the tendency is to believe that it is contrived to produce the
startling result that impact was understated. One might believe that by

altering the rates of misclassificazion or the rates of improvement in the
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TABLE 5-1 :
ILLUSTRATION OF UNDERSTATEMENT--BEFORE AND AFTER DESIGN

"TRUE" INITIAL STATE "OBSERVED'" INITIAL STATE
NORMAL 110 NORMAL 107 _
(55%) (53.55) | (110 x .85 + 90 x .15 = 107)
MALNOUKISHED 90 MALNOURISHED | 93 _
I (45%) (46.5%) | (90 x .85 + 110 x .15 = 93)
200 200
(100%) . (100%)
o’
[
"TRUE" FINAL STATE "OBSERVED" FINAL STATE
NORMAL 120 NORMAL 114 o
(60%) (57%) (120 x .85 + 80 x .15 = 114)
MALNOURISHED 80 MALNOURISHED | 86 -
(40%) (43%) (80 x .85 + 120 x .15 = 86)
200 200
(100%) (100%)

TRUE PROGRAM EFFECT--Malnourishment Dropped From 45% to 40%, an 11.1% Reduction
OBSERVED PROGRAM EFFECT--Malnourishment Dropped From 46.5% to 43%, a 7.5% Reduction






TABLE 5-2

ILLUSTRATION OF UNDERSTATEMENT--CONTROLS

TRUE INITIAL STATE TRUE FINAL STATE

£6

Participants | Nonparticipants Participants | Nonparticipants
NORMAL 110 100 NORMAL 160 80
(55%) (50%) (80%) (40%)
MALNOURISHED 90 100 MAZNOURISHED 40 120
(45%) (50%) (20%) (60%)
200 200 200 200
(100%) (100%) (100%) (100%)
TRUE PROGRAM EFFECT--35% REDUCTION IN MALNOURISHMENT
MEASURED OUTCOME ASSUMING 15% MISCLASSIFICATION
Participants | Nonparticipants Participants | Nonparticipants
NORMAL 107 100 NORMAL 142 86
(53.5%) (50%) (71%) (43%)
MALNOURISHED 93 100 MALNOURISHED 58 114
(46.5%) (50%) (29%) (57%)
200 200 200 200
(100%) (100%) (100%) (100%)
OBSERVED PROGRAM EFFECT--24.5% REDUCTION IN MALNOURISHMENT
MEASURED OUTCOME ASSUMING 30% MISCLASSIFICATION -
Participants | Nonparticipants ' " Participants | Nonparticipants
NORMAL 104 100 NORMAL 124 92
(52%) (50%) (62%) (46%)
MALNOURISHED 96 100 76 108
(48%) (50%) (38%) (54%)
200 200 200 200
(100%) (100%) .(100%) . (100%)

* Program effect is the net change in the difference between participant: and nonparticipants--before to afte

OBSERVED PROGRAM EFFECT--14% REDUCTION IN-MALNOURISHMENT



the reported relative effectiveness is determined by the reliability of the
measures used.

The same phenomenon is also true within a given measure when changes
in reliability occur over time. If a nutrition projeect is monitoring
nutritional status over time and for some reason a change in data
gathering procedures decreases the reliability of the measures, it will
appear that the nutrition project is less effective than it used to be,
simply because the reliability decreased.

THE NECESSITY OF ACCOUNTING FOR AGE

By definition, the computation of change in nutritional status requires
that data exist at two (or more) points in time. Although many variables
may stay relatively constant over time, at least one variable, the ages of
the children involved in the program, must change. If malnutrition were
uniformly distributed over all ages, this would not be troublesome.
However, in most cases such a uniform distribution does not exist. There
is often a critical period in each child's life, some six months after
weaning, when the combined effects of insufficient consumption and
increased exposure to disease-causing agents (especially diarrhea) lead to a
period of malnourishment. In the absence of intervention, some children
will recover due to the natural development of antibodies against disease
and the improved ability to consume solid foods. In the aggregate for a
society, this phenomenon causes the non-uniform distribution of
malnourishment. Typically, those age groups between eighteen months and
three years (depending on culture) suffer most from the ravages of
malnutrition. Again in the aggregate, death of the most severely
malnourished can eliminate the bottom tail of the distribution accentuating
the nonuniform nature of that distribution.

As a consequence of this nonuniform distribution of malnourishrent in
the preschool population, we have envisioned a "least cost" intervention.
Measure a group of children ages one to four to determine their nutritional
status. Measure those same children two years later. The natural
recovery process will result in a smaller percentage of children being

94



malnourished--not becsuse of any "real" improvement but because the
children are all older.

Let us demonstrate this with an example drawn from the Save The
Children program in Pespire, Honduras. Table 5-3 gives the counts and
percentages of children who are normal and malnourished at the start of
the program (malnourished children are limited to those falling into
grade II or Il as determined by weight/weight(age) using a version of the
Harvard Standard employed by the SAVE staff in Pespire). There were
250 children, but weights were recorded on only 242 of them.

We obser\}e immediately that 28.1% of the children were malnourished .
and that we do see a nonuniform distribution of malnourishment over age
groups. (The aberration of the high percentage of children in the sixth
year category is a result of a program selection bias to include only those
older children who were still "in trouble.")

Table 5-4 presents a similar set of data for the fifth round of
weighings which took place about 13 or 14 months later. This table is for
the same 250 children—not for all participants in round five. Only 183 of
the children who were still less than 72 months old were weighed;
therefore, the counts are somewhat smaller.

The table shows that malnutrition declines--from 28.1% to 25.7%.
However, a closer look reveals how misleading that "gross" decline can be.
The one-year-olds at the start of the program exhibited a malnourishment
rate of 16.3%. Most of those one-year-olds had turned 2, 13 months later
(some of the oldest were 3), and their malnourishment rate had iricreased
to 25.9%—as expected due to aging. Similarly, the 3-year-olds who were
now 4 showed a marked decline from 40% to 14.6%—also as expected due
to aging. The age of most risk in Honduras appears to be between 2 and
3. By the time of the second measurement, most of the children had
passed this age of most risk; therefore, we see an overall decline in
malnourishment. '

The importance of age in determining the risk level of children is
widely accepted. What is not accepted is the importance of accounting
for age shifts in a population in doing "before and after" types of analysis.
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TABLE 5-3

NUTRITIONAL STATUS OF THE POPULATION AT THE
START OF THE PROGRAM, PESPIRE, HONDURAS

NUTRITIONAL
STATUS AGE
One . Two Three Four Five Six Total
41 29 30 29 40 5 174
NORMAL 83.7) | (72.5) | (60.0) | (61.7) | (83.3) | (62.5) | (71.9)
8 11 20 18 8 3 68
MALNOURISHED | (1¢ sy | (27.5) | (40.0) | (38.3) | (16.7) | (37.5)| (28.1)
TOTAL 49 40 s0 | 47 48 8 242
TABLE 5-4
NUTRITIONAL STATUS OF THE SAME CHILDREN
THIRTEEN MONTHS LATER, PESPIRE, HONDURAS
NUTRITIONAL
STATUS AGE
One Two \ . Three Four Five |  Six Total
27 | 22 35 27 25 136
NORMAL 1.1 | (73.3) | (28.4) | (69.2) | (71.4) | (74.3)
11 8 6 12 10 47
MALNOURISHED 28.9) | (2617 |- (14.6) | (30.8) | (28.6)| (25.7)
TOTAL 38 30 41 39 15 183
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See, for example, the Synectics Corporation report, "Application of a Field
Guide for Evaluation of Nutrition Education to Programs in the
Philippines," pages 39-51, where pre and post measurements of a population
participating in Mothercraft Nutritional Centers were used in an analysis
that did not account for the natural aging process described above (Jones
and Munger, 1978).

THE CHARACTERISTIC CURVE

The phenomenon of children passing through a stage of high risk after
weaning is just about universal. The phenomenon is so important that we
chose to construct a device for demonstrating it and for learning from it.
We call the device a characteristic curve--a graphic representation of
the relationship between malnourishment and age in a population.
Figure 5-1 is the curve for the Pespire, Honduras, data in Table 5-3.

The shape of this particular curve is typical in most (but not all)
environments with a prevalence of malnourishment. As expected, there is
a low initial rate of malnourishment which climbs to some peak after
weaning and drops off again as children reach the age of five. We
became so used to seeing curves of this type that we were somewhat
surprised to find curves that did not conform to this general model.
Consider the curve for Pakistan derived from the CARE five-country study
(Figure 5-2).

This curve approximates a straight line—there does not appear to be a
recovery phase. The relatively high value for children between seven and
twelve months is either an aberration or a very revealing data point. If
the value is correct, it indicates a peak age of "at riskness" in the first
six months of life, and the entire curve represents a period of very modest
recovery. This situation could be found in areas where mothers are
extremely malnourished and breastfeeding does not give sufficient nutrients
to the child, or breastfeeding is stobped very early (for example, at
3 months). Food intake in later years would be insufficient to enable
much recovery.

Our speculation of the causes of a particular shape of a characteristic

97



50

45

40

MALNOURISHED
8 B 8

PERCENT
o

S

CHARACTERISTIC CURVE--PESPIRE, HONDURAS--ROUND 1

FIGURE 5-1.

12

24 36 48 60
CHILD AGE in Months '

98

72



MALNOURISHED v
N w H L o ~ [ -]
=] o ° o o =) o

PERCENT

S)

FIGURE 5-2
CHARACTERISTIC CURVE--PAKISTAN-CARE DATA

1 1 1 | 1 1 1 L | |

A

0-6 7-12  13-18  :19-24 25-30 31-36 37-42 43-48 49-54 55-60 61-66
CHILD AGE in Months

Mclnourished defined as less than 75% of :tandard used by CARE.

99



curve is illustrative of the broader question: Can you use the
characteristic curve as a simple diagnostic device to learn some things
about a community environment? A related question is: Can you learn
something about change in nutritional status in a community from
examining fluctuations in this characteristic curve over time?

Our answer to both questions is a qualified yes. Examining the
relatively few characteristic curves derivable from our data, we observe
certain patterns. In Latin American countries, where we suspect the
disease-causing agents (especially diarrhea) are critical factors in
generating malnourishment, we usually see curves like that found in
Honduras. In these countries, although food is scarce, there is sufficient
food to allow children to exhibit some natural recovery. However, in the
far eastern countries of India and Pakistan, food shortage is the more
critical factor causing malnourishment; therefore, the curve takes on a
different shape.

Changes in nutritional status over time in a population should show up
as shifts in the curve. An overall lowering of the curve shows overall
improvement. A lessening of the peak shows an improvement in the worst
off. A shifting of the peak to the right or left indicates that a program
has had some effect on the causes of malnutrition for the most severely
afflicted.

Although the characteristic curve appears to be a useful device for
getting a fast appraisal of problems and/or status changes in a community,
there are some design decisions that may mitigate its effectiveness if
made incorrectly. We have spoken about the problem of setting age in
some cultures. Table 5-5 is a histogram of the age variable in the
Pakistan data. Note the "local peaks" at twelve, eighteen, twenty-four,
and thirty months. This suggests some "rounding" by respondents to the
CARE questionnaire—rounding that reduces the reliability of any analysis
involving the age variable. .

In addition to obtaining the data to make up a curve, there is the
problem of categorizing it. The finer the partition of age, the more céses

you need. (Note that with about 200 observations in Honduras we used 12-
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TABLE 5-5

HISTOGRAM AGE DISTR IBUT ION——CARE-PAKISTAN

MIDPOINT HISTZ COUNT FOR 8.AGE (EACH X= 1) R
3.0000 .1 1 +X
2.0000 e & XX
TT 7104000 1.0 13 +#XXXXAAXXXXXXX
11.000 1.5 18 +XXXXXXAAXXXXXXXXXXX
12,000 3.9 48 +XXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX _
13.000 2.0 25 FXAAXXXXAXXAXXXXXXXXXXXXXX
14.000 1.1 14 +XXXXXXXXXXXXXX
15.000 1.6 20 +XXXXXXAXXXXXXXXXXXXX
13.000 0TI TR AXARXIXXKAXKKLXXXXXKXXXK
17.000 1.2 1% +XXXXAXXAXXXXXXXX
13.000 3.5 8 FXXAXXAXAXXXXXXXXXXAXKXXXX XXX XXX XXXXXXXXXXXXXR
15,000 3. BT F XXX XXKAXXLAX XX HL XXX XXX XX XX XX
20.000 1.9 19 +XXXXXAXXXXXXXXXXXXX
21.000 2.3 I% EXAXXXXXXXXXXXXXXXX XXX XXX XXX XXXXKXKX
‘‘‘‘ 23,0007 i ke B+ XXXXLOOOOOX XXX XXX XXX XXX XXX XXXXXX XXX KX
23.000 2.9 36 FXXAXXXAXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX
24.000 3.7 86 +#XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
S. 000 1.4 177+ XXXXXXXXXXXXXXXXX
26.000 1.2 16 +XXXXAXXXXXXXXXXX
27.000 1.2 16 #XXXXXXXXXXXXXXXX
28.000 1.9 28 FXXXXXXAXXXXXXXXXXXXXXXXXX
29,000 2.3 29 FXXAXAXXXXXXXXXXXXXXXXXXXXXXXXX
30.000 2.3 W EXXAXXXXXXXXXXXXXXXXXXXXX XXX XXX XXXXX
Z1.000 1.5 TR EAXXXAXXXXXXXXXKXXXXXXXXX .
32.000 1.3 28 FXAAAXXXAXXXXXXXXXXXXXXXXXX XXX
23.000 3.7 a4, +xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
347000 4T TR AKX XKXARKX XXX XXX XXXKXXXLX )
3%.000 3.3 81 +XXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXKXXX
26.000 3.1 39 FXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
37000 1.6 2O XXX XX XXX XKXXXXXXXXX T
38.000 1.9 19 +XXXXAXXXXXXXXXXXXXX
39.000 1.5 19 #XXXXXXXXAXXXXXXXXXXX .
TTTTR0.000 T 1.7 a1 +XXXAXAXXXXXXXXXXLXXXXX
41,000 2.8 2% FAXAXXXXXXXXXLXXXXXXXXX XXX XXXXXAAX XX
42,000 1.7 21 FXXAXAXXXXXXXXXXXXXXXXX B
33,000 2.3 29 FXAXAXKXXXXXXXXXXXXXX XXX XXX XXX
44,000 1.2 15 #XXXXXXXXXXXX XXX
4%, 000 2.5 31 FXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
44,000 2.6 B TEXXXXXXXXXXXX XXX XX XXX XXX XXX XXXX
47.000 3.0 37 EXXXXXAXXXAXXXXXXXXXXXX XXX XXX X XXX X XXX
48.000 1.9 23 FXXXXXXXXXXXXXXXXXXXXXXX
TTTTADL 0007 T 1.4 T 17 #XXXXXXXXXXXX XX XXX
50.000 1.7 21 FXXXXXXXXXXXXXXXXXXXXX
51.000 .3 10 +XXXXXXXXXX
TTTTE2 000 T T T U HXXXXXXXXXXK T -
%3.000 1.4 17 +XXXXAXXXXXXXXXXXXX
54,000 1.1 14 +XXXXXXXXXXXXXX
55,000 1.7 23 RN XXXXXXXXXX XXX XX XX XXX
54.000 1.7 21 FXXXXXXXXXXXXXX XXX XX XX
_57.000 1.0 2 EXXAAAAXXXXXX
58.000 A T FXAXXAXXXXX
%9.000 .2 2 +XX
£0.000 .4 % LXXXXX
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month intervals, and with about 1250 observations in Pakistan we used 6-
month intervals.) There is no single rule of thumb on categorization,‘
because the number of observations needed for a given age category is a
function of the malnourishment rate itself. If the malnourishinent rate is
very low, it is necessary to have more observations than if the rate is
higher, in order for the numerator to have a sufficient number of points.
(Of course, the malnourishment rate is itself variable and subject to design
decision; a cut point of 80% of standard raises the rate considerably over
a cut point of 75%.) We have found that if there are fewer than fifteen
observations in the numerator of the ratio computed to measure
malnourishment rate, the curve is unstable--it fluctuates wildly when only

a very few children change status.

VARIABLE TRANSFORMATIONS - A NON-LINEAR WORLD

Most models used in arnalysis are linear ones. Almost all statisties,
including analysis of variance and regression, are subsets of the general
linear model. Non-linear models are far more difficult to work with and
are far less easy to understand. But the world of child malnourishment is
comprised primarily of non-linear relationships. The normal growth of
children is certainly non-linear, especially in the first eighteen months, and
children who are malnourished exhibit an even more non-linear pattern of
growth, Most family variables indicating consumption, birth order, family
sice, etc., exhibit non-linear relationships to nutritional status indicators as
well.

The analyst has several alternatives when confronted with this situation.
First, he can use linear approximations for non-linear relationships. If the
"fit" is not too bad, useful results are still forthcoming. Second, he can
attempt to define iransformations of non-linear functions which yield linear
relations. Finally, he can attempt to construct a basically non-linear
model from the outset. It may more.accurately portray reality but be

subject to greater difficulty when manipulated.
As in most other areas, there are tradeoffs associated with the

transformation of non-linear relationships to linear functional form. Each

102



level of mathematical complexity introduced in the analysis can reduce the
intuitive component of the study. In the complex field of child
malnourishment, whichever model is used will be at best a partial answer,
thereby requiring other judgments when interpreting results. In addition,
there is always the possibility of introducing additional errors if the
transformation selected is not appropriate. One way of keeping this
transformation-introduction-error problem to a minimum is to have a basis
in theory for the transformation utilized.

An example of the importance of accounting for non-linearities in
nutritional studies is drawn from the Candelaria Revisited data set. In an
effort to select the most appropriate functional relationship between
nutritional status as measured with a weight/weight(age) measure, we
engaged in a revealing empirical investigation. Weight/weight(age) scores
were computed for participants and nonparticipants and used as the
dependent variable in a regression equation. The explanatory or
independent variables were taken to be age and a dummy variable
indicating participation. Table 5-6 displays the results of six regressions,
each identical except for the transformation of age employed. The overall
explanatory power of the regression is highest when the inverse of the
square root of age is used. Participation is significant at the .05 level
(the program worked) only when the natural log of age was the
transformation employed. Thus, the results differ considerably with

alternative resolutions to the non-linearity problem.

ATTRIBUTING THE OUTCOME TO THE INTERVENTION--
COMPETITORS

We now turn to analytic issues that have far-reaching importance with
regard to the philosophy of analysis as well as the mechanies. In the
introduction to this report, we made reference vo the changing environment
and the need to consider competing exblanations for observed outcomes. A
discussion of the nature of those competing explanations will illustrate
their importance. A typology of seven categories of competing

explanations is useful.
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TABLE 5-6

TLLUSTRATION OF NONLINEARITIES IN NUTRITION ANALYSIS

FORM 1
Inverse of Age
Participation

Constant

FORM 2

Inverse of sq. rt. of Age S

Participation =~

Constant

FORM 3.
Natural Log of Age
Participation

Constant

FORM 4
Square Root of Age
Participation

Constant

FORM 5
Age
Participation

Constant

FORM 6
Age Squared
Participation

Constant

R®  Coefficient Significance
140 T
{§1?4' .;_‘w; ,fO99;
014 L1s
om0
3 .000
-.017 . .056
884 000 -
.100 R
-.046 .000
-.019 .035
1.106 ,000
.053
-.016 .000
-.018 052
1.046 .000
.025
| -.001 .043
-.016 .229
.991 ,000
.006
-6 x 107° .043
-.012 .229
.962 .000
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Constantly Changing Environment

All community-level nutrition interventions are carried out in
environments which are both complex and volatile. The physical
environment (climate, water quality and availability, etc.) is often hostile
and unpredictable. The socioeconomic environment is typically harsh and is
subject to fluctuation due to changes in local, regional, national, and
international conditions. The political environment is often highly unstable
and, in some instances, repressive.

The intricate workings of this complex environment determine the
nutritional status of an individual. At best, an intervention operates on
the most exposed edges of this environment as they shape the factors that
comprise nutritional status. Clearly, changes in this environment will have
strong effects on any outcome measure used to identify changes in
nutritional status. Sorting out these effects from program effects is an
unbelievable chore.

In almost every intervention considered, some known environmental
change can explain observed changes in our outcome measures. In
Candelaria, there was steady inflation. In PRIMOPS, a sewer system was
added during the middle of the program. In Honduras, there was drought.
In KOTTAR, there was drought. In Indonesia, the military disrupted
services by shooting at the staff for using & religious structure for a group
meeting.

Certain general strategies may be adopted to account for the
confounding influences of environmental factors. First, a careful factual
summary of the context in which an intervention operates needs to be
recorded. This would include chronological records of climatic, physical,
social, economic, and political events which occur just before and during
the life of the project. Second, reference needs to be made to a general
theory of nutritional well being in order to have a checklist of variables to

be considered potential sources of perturbation in the nutrition indicators.
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Population Aging

The demographic make-up of study populations changes over time.
Perceived change in any measure of program impact may, in fact, be due
to a change in the age distribution of the population. The relationship
between a child's age and his propensity to be at risk was so important
that we devoted an entire section to it (see The Necessity of Accounting
For Age). However, children are not the only people who age, nor is
malnutrition the only important variable related to age.

As an example, in the Candelaria Revisited data there is a clear
relationship between fertility and the age of the mother. Table 5-7 shows
a steady decline in the number of women who became pregnant between
1974 and 1976 as the age of the women increases. The Chi-square statistie
is an indication of the statistical significance of this relationship. If one
were studying changes in fertility in a given population, those changes
would have to be computed as the difference between observed change and
expected change due to aging. In our comparison of participants and
nonparticipants with respect to fertility, we had to control for the age
differences in the two groups.

The implication of recognizing the importance of population aging in
the design of an analysis of an intervention is that sufficient data must be
collected to enable the analyst to control for age. This may result in a

substantial increase in data acquisition costs.

Project Aging

We have noted that nutrition interventions go through a life ecycle.
During the early stages of the project the members are devoting more
energy to entrepreneurial efforts and less to making the project run
smoothly. Later emphasis may shift to operations, such as more carefully
training a staff, better followup procedures, improved information handling,
and gaining of acceptance of the progi'am in the community. Finally,
there are the mature stages where much of the excitement and newness
has worn off, and possibly the external resources have either been held

constant or tapered off in real terms due to inflation. Often, persons who
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TABLE 5-7

THE RELATIONSHIP BETWEEN AGE AND
FERTILITY--CANDELARIA REVISITED

Pregnant
since 1974 AGE
Younger than o
20 20-24 25-29 30-34 35-39 40 and over Total
20 104 72 39 37 11
Yes 283
(14) (78) (66) (53) (39) (34)
5 30 41 52 30 47
No 205
(11) (56) (47) (38) (28) (24)
CHI-SQUARE = 72.69: SIGNIFICANT AT ANY LEVEL



were at first volunteers now expect remuneration, further stretching a
limited budget.

To compare a new project with an old one could therefore by very
misleading, but more typically, to compare a new component with an old
one in the same project and not take these factors into account could lead
to misleading conclusions simply due to being at a different stage of the
project life cycle.

We are vnable to point to specific examples where life cycle changes
explain observed program outcomes; however, we can speculate that the
declining rate of improvement over time in Candelaria may reflect project
aging. Similarly; the lack of dramatic change in PRIMOPS may be, in
part, due to the fact that our first round of data was really the program’s
fourth. (It was the first after an 18 month hiatus.)

Participation Biases

Nutrition programs are almost always in the process of expansion or
contraction. There is natural expansion and contraction due to births and
aging in the participating families. Also, there is migration into and out
of the study area. Finally, the study area itself may be growing or
shrinking. Changes in the composition of the target population over time
as the participants change create bias in subsequent analysis. '

To illustrate this further, we will consider two known sources of
participation bias. Programs just starting out often begin serving those
families closest to the facility from which services emanate. Over time,
services are extended to more geographically distant areas. Often, because
central facilities are located in urbanized areas, this movement to more
distant areas is a movement between people of different status and/or risk
level. Changes in impact must be measured while controlling for changes
in the population. In KOTTAR, Honduras, and Indonesia, program
participation was gradually expanded‘over time to viilages more distant
from the epicenter.

The other source of participation bias is the self-selection process of
"dropping out." Participants drop out of programs because they no longer
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need the services, because they are no longer able to reach the service
center, or because they do not perceive that they are being helped. In
each case, a bias is generated in the analysis of data from two or more
different time periods. In PRIMOPS, the dropout rate of participants
increased as nutritional status deteriorated (Table 5-8).

Improvement Due to Natural Phenomena

Thus far, we have identified several known sources of distortion of
results of analysis and, in essence, have argued that program outcome
(change in nutritional status) must subtract those components of outcome
attributable to the sources of distortion. One other imp rtant source of
change in an outcome measure is the natural change that would occur in
the population if it were left alone. As analysis focuses more and more
on the malnourished, the spontaneous or natural improvement of some
children contributes increasingly to observed outcome changes. In the
absence of an intervention, some grade III malnourished children will
recover. If one just looks at grade III children, one can only attribute to
the intervention any recovery above and beyond the natural recovery rate.

This concept is very important for the design of an analysis strategy.
It suggests that one should not zero in on just the worst cases for data
collection and analysis, unless there exists an a priori quantification of the

improvement due to natural phenomena.

Variations in Reliability Over Time

Data collected over time are subject to variations in accuracy. These
variations in accuracy, if continually in one direction, may alter the results
of any analysis of program outcomes.

We have some evidence that variations in the reliability of data
gathering exist. Our evidence pertains to variations occurring in recording
and keypunching. Although we have no example indicating that
measurement accuracy deteriorates, we know that scales loose accuracy,
and can hypothesiz.e that people repeatedly using those scales lose accuracy
too. Table 5-9 shows the deterioration of the PRIMOPS data over time.
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TABLE 5-8
DROP OUT RATE - PRIMOPS

Nutrition Percentage
Status Missing In
Round I . Number Round 2

N 3494 .1
1 1047 .2
2 479 2
3 93 3
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TABLE 5-9

RELIABILITY VARIATIONS IN PRIMOPS

Original Range Errors Duplicates Total Pct.

Subset 1 3045 150 62 212 6.9
Subset 2 6253 982 124 1106 17.6
Subset 3 8020 1285 473 1758 21.9
Subset 4 4383 810 88 898 20.4
Subset 5 2918 455 262 717 24.5
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We identify five distinct subsets of data—each collected in a later time
period than the previous subset. The errors are the number of records
culled from the original due to range violations (illegal codes) or duplicate
entries against a single ID. The increase in error rate is apparent.

Hawthorne Effects

When attempting to attribute changes in nutritional status to program
characteristics, it is easy to assume that these changes are due to the
visible and tangible aspects of the intervention. However, it is always
possible that there may be some process-related characteristic of the
project that in fact has contributed to the outcome. We know that in
some circumstances simply the visibility of the participants in a program
will cause changes in behavici to occur. A related example occurred
during the Candelaria experiment, when the mothers of families
participating in a health and hygiene education component of the project
cleaned up their homes in order to look "proper" when the doctor visited
their homes. While the hygiene education program was important, the
principal motivating factor was the expected visit from the doctor.

The seven "competitor" categories embrace the source of many of the
confounding factors which enter into analysis. The additional source of
variation in any outcome measure is the random or stochastic effect. A
statistical model builder always acknowledges that even if every relevant
variable could be included in his/her model, some variation in the outcome
variable will still be unexplained. This is the stochastic effect. The use
of statistics is really the application of tools to determine if the values
taken on by the outcome variable could be attributed to this stochastic
effect alone, given the hypothesis that the other variables have no effect.
Thus, the use of statistics is, in fact, the control for the stochastic

confounding effect.

ATTRIBUTING THE OUTCOME TO THE INTERVENTION--CONTROLS
Th: method most often espoused to account for confounding effects

(potential competing explanations) is the use of controlled experimentation.
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The idea behind the use of controls is that if two groups of children with
similar characteristics (no statistically significant differences on important
variables) differ only with regard to their participation in the program, a
comparison of changes in the outcome variable over time in the two
groups will measure only that component of change attributable to the
program. The assumption, of course, is that the two groups will be
subject to the same environmental fluctuation, same degree of aging, same
types of participation bias, same degree of spontaneous recovery, and same
reliability variations. (Poth the Hawthorne Effect and the Project Aging
factors are impu-tar* in partitioning the overall program impaet into
components.)

We can identify three types of controlled experimentation. The first
utilizes matched pairs in the "treatment" group (participants) and the
contro! group (nonparticipants). Matching in this way is generally regarded
as immoral by practitioners of interventions. The very definition of
control implies the withholding of services from one group. In any real
setting, it would be immoral for a human being to refrain from treating a
child who had beep identified as one in need of specifie attention, and
where it was within the power of the individual to provide that attention.

More common outside of a laboratory are quasi-experimental approaches
where groups believed to be similar overall are selected--one for treatment
and onc as control--but are not comparable individual by individual, Use
of a nonparticipating but geographically proximate village as a control is
quasi-cxperimental. Here again one could raise the morality issue;
however, in either a circumstance of limited resources or one of a phased
introduction of a service, the concept of control becomes acceptable once
again. But there arc other probiecms. Communities in the developing
world are in highly volatile environments subject to wide fluctuations over
time. If there is too much physical distance between communities, it is
almost impossible to nssume that their environments change in parallel
fashion over time, [If they are too close together, it is difficult to keep
the serviees f{rom spilling over into the control group.

In the interventions studied in depth as part of our projeet, "econtrolled"
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designs were attempted only three times. One is illustrative of the
distance between communities. In Candelaria Revisited, participants in the
program were compared to nonparticipants living in Candelaria two years
after the program was terminated. For the most part, nonparticipants
were in-migrants. Statistical tests showed major differences in the
populations—primarily with regard to the age distributions of both children
and mothers,

The spillover effect is illustrated by the Esperanca project. The
control village for Mojui dos Campos was a suburb of that village. People
from that suburb used the health services available in Mojui dos Campos
and, therefore, were exposed to the Esperanca health post. We can
conclude that although quasi-controls may be possible, they are, at best,
difficult to establish. A research design dependent on the success of
establishing a control has so high a probability of failure that it should not
even be attempted.

The third type of control is the use of the treatment group as its own
control. Such variables as duration of exposure and/or intensity of
exposure can be used to compare subsets of the population which are
similar to cach other in most respects other than time in pregram or
intensity of participation. This technique was applied using the original
Candelaria data set with success. The study showed that long-term
participants were better off than short-terin participants of the same age
(Drake, Fajardo; 1976). In Thailand, the technique was applied to show no
program effeet, using an intensity-of-exposure measure (frequency of
consumption of fortified rice) as the control (Gershoff et al., 1977). There
arc both strengths and weaknesses to this technique. The strongest point
in its favor is that, in any practical setting, it is relatively easy to gather
data on the duration of participation along with other outcome and process
variables. There is no need to query nonparticipants, since the first
observation of the participant in the intervention coincides with no time in
the program, and subsequent observations record correspondiagly increasing
exposure to the intervention. The weankness in this technique is that

compeltitive explanations based on environmenr:tal changes, population aging,
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project aging, reliability variation, and partiecipation biases may still
confound the outcome. Consequently, we have combined this type of
control with the use of statistical controls to resolve these difficulties to
the extent possible. Of all confounding effects, the Population Aging one
is the most important. A resolution of the problem is the use of the
characteristic curve which relates population malnourishment as a funection
of child age. A comparison among a family of characteristic curves at
varying durations of an exposure to the intervention can control the effect
of this confounding variable. Changing environmental conditions, project
aging, and participation biases can be dealt with statistically. Reliability
variations need to be checked further.

In the last paragraph, we mentioned statistical controls. Although we
might call this a fourth type of controlled experiment, we choose to view
it as an analytic technique--not an experimental design. Stat’ ‘‘cally
derived controls are accomplished by selecting subsets of the population,
either within the intervention or outside it, that are matched with the
participants on important dimensions. Tor instance, when we were looking
at the long-term effects of the Candelaria Promotora program, a
comparison was made between families who had participated in a prior
time period with families who had recently migrated to Candelaria and
therefore never participated. When it was found that the immigrant
familics were typically younger, a subset of immigrants who "matched" the
participants in age was seleceted for compar’son puarposes. This "matching"
process relied upon a priori knowledge of the processes involved in order
to know which among the myriad of variables are important enough to be
used for comparison. In practice, to go beyond a few critical variables is
unwise and impractical. Other multivariate statistical models serve as
techniques for establishing statistical controls such as regression analysis,
illustrated in the last section of this chapter.

In summary, the uge of strictly defined controls in the analysis of
community-level nutrition programs is usually ineffective or
unmanageable. For time scries data sets, use of the treatment

group as its own control and the setting up of appropriate statistical
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controls to account for anticipated confounding results is theAbest

strategy.

OUR OVERALL APPROACH TO ANALYSIS
In both the opening chapter and the early sections of this chapter, we
built a foundation for an approach to analysis of community-level nutrition
programs., Most of the elements of that foundation stand alone as
important considerations in any analysis of such programs (for example, the
need to explicitly account for age of child in all analyses involving
nutritional status). Now, we will attempt to forge those elements into an
overall approach to analysis—one that we apply ourselves and recommend
for others.
Our approach is heavily dependent on three of our earlier conclusions~
so heavily that they bear repeating here.
A. Analysis must be participatory. The correct interpretation
of results requires the input of program managers and

staff whose knowledge of the population and environment
is far greater than that held by any outside evaluator.

B. Analysis should consist of the formulation and subsequent
testing of competitive explanations of observed outcomes.
The "competing explanations" must be fully articulated and
subjeeted to intense scrutiny before any single
interpretation or set of interpretations is accepted as
"truth."

C. Controlled experiments in the real world (social settings)
are extremely difficult to effectuate. A research design
counting on a comparison with a control has a high
probability of failure and should be avoided. Other
designs, though not as conclusive when executed, have a
higher probability of success and are more likely to yield
some usable results.

Given these three conclusions, a specific approach to analysis becomes

apparent:

l. Formulate a logical construct of all possible, significant
competing explanations of outcomes derived from the data.

2. Perform some simple analyses to gain insight into the
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underlying phenomena occurring at the community level.

3. As appropriate, use more sophisticated analytic
methodologies and/or other known facts about local events
to narrow the list of "competitors."

4, Present the results of the analysis to project personnel to
learn their views on remaining competitors (and to gather
any additions to the list they may provide).

5. Iterate steps 3 and 4 until competing explanations of.
outcomes are as few as possible.

6. Incorporate conclusions into the local decision process,
thereby surfacing areas which need further analysis and,
hopefully, improving the intervention as project leaders
respond to the findings of the analysis.

In the following paragraphs, we will attempt to elucidate each of these

steps and speak "0 the issues associated with "making them happen."

Enumerate Competitors

Implicit in the notion of formulating a logical construct is the existence
of a theory or model of the nutrition system upon which to base
competitive explanations of observed outcomes. It is surprising how often
such a theory or model is missing; that is, neither the project personnel
nor the analysis team can ofler a detailed explanation of the "cause and
effect" relationships underlying their own activities.

The seven categories of competitors described earlier suggest many
comporients of such an underlying model. Most important of all is the
recognition that the changing environinent may account for changes in
outcome variables far greater than those anticipated from a given
intervention strategy, and that these environmental changes must be
"controlled" for in the analysis.

We would like to illustrate what we mean by underlying theory or
model by describing one model used in this fashion by Community Systems
Foundation (CSF): the Nutrient Flow Model. This model was designed in
Cali, Colombia, through a collaborative ecffort of scientists and doctors

from the Universidad del Valle and CSF, The model was intended to guide
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in the formation of a strategy of intervention as well as the analyéis of
its impact. That is, the model was intended to provide a theoretical basis
for diagnosing the causes of malnutrition in a community, determining what
types of interventions are most likely to alleviate those causes and, finally,
preseribing a data collection system and mode of analysis for verifying the
expected impact of the proposed interventions.

The model is based on the "nutrient flow theory." The primary concept
in this theory is that the level of malnutrition in the community,
household, and/or individual is related to the difference between nutrient
requirement 2nd nutrient availability--a difference called the "nutrient
gap." TImplementation of this theory calls for the elaboration of the
determinants of nutrient availability and nutrient requirements.

Nutrient availability is determined by the complex process by which
food is produced, distributed, and consumed. The measurement of nutrient
availability, therefore, requires that food flows be measured and that losses
oceurring at the various stages be determined; for example, losses during
harvest, storage, transport, processing, unequal allocation among families
and non-optimal allocation within families, and lastly, in preparation.

Nutrient requirements are determined by several individual
characteristics such as weight, age, activity levels, and sex. Of primary
importanc~ in developing countries is the ability of an individual to absorb
nutrients—an ability that is adversely affected by a complex of diseases
and disease-causing factors. |

The model is applied as a diagnostic device by measuring the
contributing factors to both the nutrient availability and the nutrient
requirement. The measured size of the gaps at the individual, household,
and community level, the nature of nutrient losses in the system, and the
kinds and magnitudes of disease-causing factors suggest where interventions
might produce the greatest impact. Conceptually, the model looks quite
simple (Figure 5-3). .

The simplicity should not mask its profound implications:

(a) The model illustrates the negative consequences of its
"positive feedback" loop; that is, a decline in health

118



Cpnsumption
of
Nutrient

"FIGURE 5-3°

Environmental

Sanitagi?n

THE NUTRIENT FLOW MODEL

| I;——- HEALTH STATUS

Requirements
for
Nutrients

NUTRIENT GAP

119

NUTRITIONAL STATUS

Health
Services

f———-




status leads to a growing nutrient gap which adversely
affects nutritional status which results in a further
decline in health status.

(b) The dynamies of this and other feedback loops are not
well understood and are hardly quantifiable; for example,
no one knows the magnitude of shift in nutrient
requirement resulting from the incidence of diarrhea
disease.

(e) Program objectives can be stated in terms of anticipated
increases in consumption or reductions in requirements,
and can be evaluated by examining measurements of those

quantities.

To "flesh out" the model, one must create a "consumption section," that
is, a procedure for measuring consumption must be conceptualized and
effectuated. The original version of the model used a procedure based on
the national food-balance sheets which have been used for several years by
FAO and the United Nations (see Figure 5-4).

The implementation of an analysis (diagnosis, intervention, impaet
analysis) using the Nutrient Flow Model is excessively difficult. It is a
"data hungry" model, requiring vast amounts of resources going into the
measurement of consumption patterns. Yet even this model is an
oversimplification, particularly in its treatment of the determinants of
consumption such as income. As a result of our project, we would argue
that income, treated as a small part of Figure 5-4 (almost an
afterthought), is one of the most important determinants of consumption,
and that the causes of poverty (land tenure issues, uncmployment, political
repression, ete.) may be more important targets for intervention than those
suggested by the food-balance sheet approach taken in the model as shown.

In summary, we argue that some model or theory is n necessary entity
to guide in the selection of a set of competitive explanntions for obuerved
outcomes. Furthermore, we argue that particular qualities of the local
situation dictate which components of a general "nutrition system" model

are most important in that given situation.
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Perform Simple Analyses

In our original presentation of the six steps of our analysis approach,
we accentuated the word "simple." We believe strongly that simplicity in
analysis is a virtue. It may seem strange to the reader that immediately
following a plea that a complex model be used as a basis for identifying
competing explanations for outcomes, we turn around and make a plea for
simplicity of analysis. The two are not incompatible. Complexity of the
model contributes to the richness of the competing explanations; simplicity
of analysis contributes to the ease of interpretation of tests of the validity
of a particular explanation.

Our strong advocacy for simplicity comes, in part, because of our
commitment to participatory analysis. It is difficult enough for highly
trained social scientists to grapple with the complexities of advanced
analytic techniques; it is almost ludicrous to expect project staff in the
field to do so. Thus, we advocate the use of simple graphs to show the
relationships between pairs of variables and the use of two-way
contingency tables (and simple Chi-square tests) prior to employing
multivariate techniques.

With regard to simplicity in analyzing nutrition interventions using
anthropometrics, we argued that the characteristic curve (plot of percent
malnourished against age categories of children) is a useful simplifying
device. Often, competing explanations for outcomes can be tested by
comparing characteristic curves for subsets of the population. For
example, the difference (if there is one) between new program participants
and continuing program participants with respect to nutritional status can
be seen easily by plotting the curves for both groups.

Another useful device is the transition matrix, which illustrates neatly
the movement of children between categories of malnourishment. The
matrix is an immediate indication of the efiect of the intervention on the
childcen who are worst off. To illustréte the simple lessons to be learned
from the characteristic curve and transition matrix, we use the PRIMOPS
data. A local "normal line" was used to determine the weight/weight(age)

ratios, and categories are formed as follows: less than sixty percent,
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grade III; sixty percent up to seventy-five percent, grade II; seventy-five
percent to eighty-four percent, grade I; and eighty-four percent and up,
normal,

The characteristic curves for the three rounds for which we have data
are presented in Figure 5-5. The three curves show a slight improvement
in the nutritional status of the population over time.

The transition matrix between round 1 and round 2 is presented in
Table 5-10. The diagonal elements in the matrix indicate the number of
children who remained in the same category for the two rounds. The
elements below the diagonal indicate the number of children who improved,
while the numbers above indicate the numbers whose nutritional status
dropped. We see that the nutritional status of 293 children deteriorated
while 284 children improved. Ignoring the missing columns for a moment,
we see that over half the grade IIl children in round 1 improved (a much
greater number than in any other category) but that an even greater
number entered the category. Another interesting fact that can be seen in
the matrix concerns the rate of disappearance from the categories. We
see that 57 of 89 (64%) grade III children in round 1 were not observed in
round 2. In the other categories, 45%, 42%, and 38% of the children were
not observed. Grade III children dropped out at the highest rate.

Use More Sophisticated Analyses

Unfortunately, the examination of the validity of complex explanations
of outcomes often requires complex analysis. Multivariate techniques are
often required to sort out combined effects of varicas factors on

nutritional status or any other outcome indicator.

Parametric Tests. To illustrate the range of statistical techniques
available for more sophisticated analysis, we will describe the settings
under which some are applicable. Almost all statistical analysis utilizes
the general concept of hypothesis testing. In short, a "null" hypothesis
(often a hypothesis that no relationship exists between a set of variables)
is posited, as is an "alternative" hypothesis (often a hypothesis that the
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FIGURE 5-5
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TABLE 5-10

TRANSITION MATRIX - ROUND 1
TO ROUND 2 - PRIMOPS

From
To Category
igaESEiiyl in Round 2

N I II 111 MISS TOTAL

N 1940 193 21 1 1355 3510

I 171 361 59 3 434 1028

II 16 79 150 16 216 477

III 1 1 16 14 57 89

MISS 2897 712 335 56 - 4000
TOTAL 5025 1346 581 90 2062 9104
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relationship exists and usually stating something about the nature of that
relationship). The test is a computation of the probability (under certain
assumptions) that the observed data could appear, given that the null
hypothesis is true and that there is a random disturbance (an element of
chance) in the world. If the computed probability is sufficiently small, we
reject the null hypothesis and act as if our alternative hypothesis is true.

Difference of Means Test. Simple analyses include such tests as

Student's Differences of Means Test. For example, suppose we have
measured nutritional status of two groups of children--children who
participated in a program and children who did not. For a child of a
given age, nutritional status was determined by computing the ratio
weight/weight(age). A reasonable hypothesis for comparing the two giroups
is that there is no difference between the means of the nutritional status
measurements in each group. Alternatively, there might in fact be a
difference.

One must be cognizant at all times of the assumptions underlying the
use of any statistical test. (Using computers, it is too easy to generate
all kinds of numbers without fully understanding their mecaning.) A
difference of means test assumes that the populations (groups) are
distributed normully (with respect to the variable of interest) and that the
population variances are the same. If the sample size is large enough,
there are ways to test for differences betwecen means even when the
variances are unequal.

For the balance of this chapter, we will draw examples from our
Candelaria Revisited data set to illustrate cach test. The tables presented
are the actual computer-generated tables. To assist the reader in
examining the table:, Table 5-11 defines the variables used; unfortunately,
computers use abbreviations which are often difficult to interpret.

Table 5-12 is the computer output ("rom a differences of menns test to
see if program participants differed from nonparticipants with respeet to
nutritional status. Tne MIDAS program used to generate this table prints

out the significance level of the test—that is, the minimum probability for
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TABLE 5-11

VARIABLE LIST FOR SAMPLE OUTPUT

Variable

Number Variable Name
443 PCW 176
500 PROGPART
502 PROGPART
11 CMLTIS
406 Age
706 Age Sq.
839 INC. SUB.
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Description

Nutritional status of a child
as measured by computing
weight as the percentage of a
reference population standard
(the Candelaria standard)
weight for the child's age
(weight/weight(age))

Indicator of the participation
status of the child's mother:
1 =yes, 2 =no

Indicater of the participation
status of the child: 1 = child
over 2, participant; 2 = child
over 2, nonparticipant;
3 = child under two, mother
participated; 4 = child under
two, mother did not
participate

Number of other children in
the family less than 15 years
old

Age of the child in months

The square of the e of the
child in months

Monthly income of the family
added to any monthly subsidy
reeceived by the family



TABLE 5-12

A SAMPLE DIFFERENCE OF MEANS TEST;
CANDELARIA REVISITED

TWM=§ AVPLF T=TFSTY

VARIARLF POLSNART yEC NG TEST STATISTIC CF SIGNIF
L4, ALAYy €3, 708 G4H IE2 T==.,7242¢ 84¢€ <4814
PLWTS VAR  1ADTS 228B.8¢6 F= 1.4227 360, 486 .0001

(TOTAL= 257%) N 4907 arl PRCR(1ST MEANC2ANE [CATA)= 7534
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which the null hypothesis can be rejected. In this case, if we select a
level of significance higher than .48, we can reject the null hypothesis.
Traditionally used levels of significance are .0l or .05; therefore, we
conclude that the means are not statistically different.

Note, however, that the significance of the F-test for differences of
variance is sufficiently small to conclude that the variances are not the
same in the two groups. The printed number is a one-tailed test and must
be doubled; however, for any significance level higher than .0002 (including
the usual .01 or .05), we can assert that the variances are statistically
different. This renders our application uf the t-test suspect. In this
instance, our sample sizes are sufficiently large to permit us to use the
Bayesian posterior probability provided by MIDAS (the PROB Ist
MEAN > 2nd/DATA) to compute a level of significance concerning the
difference between means. A discussion of this test is beyond the scope
of this section of the report; the results, however, are almost identical.
The difference in means is not statistically significant.

Analysis of Variance. More complex analysis is needed when we believe

that there may be "confounding" variables; that is, observed differences (or
masked differences) may be explained in terms of other imyortant factors
describing the population. For example, in measuring differences (non-
differences) in nutritional status as described above, age distributions of
the groups may explain observed outcomes. We have used thrce related
techniques for dealing with the multi-variate case: analysis of variance,
regression analysis, and analysis of covariance. All thrge techniques are
special cases of a "general linear model." In fact, regression enthusiasts
view ull three techniques as one in the same; both analysis of variance and
analysis of covariance are special cases of regression. Although wo too
fall into this class of analysts, we present our discussion in the more
traditional way. .

Analysis of variance is uapplicable when the suspected confounding
variables are "qualitative" (nominal or ordinal). Regression is applicable
when the confounding variables are '"quantitative" (ratio or interval),
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Analysis of the covariance is used when both qualitative and quantitative
variables are believed to confound a hypothesized relationship. In all three
cases, we speak of a dependent variable and explanatory or independent
variables which are believed to explain the variance in the dependent
variable. (The qualitative variables can be entered into a regression model
by using dummy variables; hence, the regression enthusiast.)

In terms of our example, the explanation of differences in participants
and nonparticipants, we have already alluded to other variables which are
related to nutritional status—for example, age. A particularly interesting
confounding situation arises in our Candelaria Revisited data. The
participation of a -..id is not clearly defined for children less than two
years of age. The program in Candelaria terminated in 1974; the survey
was done in 1976. Children under two could not have participated directly
in the program. In our initial example, the mother's status was used to
define participation. Children under two whose mothers had been in the
program were called participants. A logical question which might be asked
is the difference be.ween actual participants over two, nonparticipants over
two, chidren under two whose mothers had participatzd, and children under
two whose mothers had not participated.

This is a comparison of means from four groups—-a case not covered by
the simnle t-test for differences of means. This is a one-way analysis of
variance (The one-way refers to the existence of only one qualitative
variable.) Pairwise comparisons between the four groups could be done in
six separate tests, but such an approach would not yield an overall
conclusion about differences. Also, the overall level of significance of the
separate tests is not the same as the true level of significance computed
in an analysis of variance.

Table 5-13 is the computer output from a one-way analysis of variance
to test for differences of means in the four groups of children as defined
by our revised definitic1 of participatidn. The leval of significance of the
overall analysis of variance is so small (we can reject the null hypothesis
for all values greater than that reported) that we can easily conclude that
the four groups do differ significantly with respect to nutritional status.
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TABLE 5-13

A SAMPLE ONE-WAY ANALYSIS OF VARIANCE;
CANDELARIA REVISITED

UNIVARIATF 1-WAY ANCVA

ANALYSIS OF YVAQIANCE CF 443.PCw76 N= 843 CLT (F 35S

SOURCFE nE UM OF SARS  YEAM SQR  F-STATISTIC SIGNIF
BETWEEN 3 6015.8 2005.3 10 .548 .CCa0
WITHINM 844 .15459 +6 183,17

TOTAL 847 16061 +&  (RANDNY CFFENTS STATISTICS)

ETA= .1935 ETA=SQe= ,0375 (VAR CCMP= 92,7449 2VAR AMCNG= 4.71)

FQUAL ITY CF VARIANCES: 9OF= 3, «RG234 *+6 F= 21.101 «.CCOC .
PROGPAPT A ¥FAN VARTIANCE STC CEVv
6T 2C° 308 G3.5%2 L19.2€. 10521
GT2NP 276 Gl1.065 150.29 12.256
LT2FD 112 96.56€6 291.89 17.C85
LT2N? 151 99.221 293.C5 17.116

GRAND g48 92,945 189.62 12.77C
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Worthy of note are the magnitudes of the means. Our simple t-test
showed the participants worse off (but not statistically significant) than the
nonparticipants. In Table 5-12 we see why. There were a larger number
of children under two whose mothers did not participate than whose
mothers did and those children, as a group, were "best off." Among
children over two, the participants were actually better off than
nonparticipants. So we see, the more complex analysis does tell us things
we could not detect from the simple analysis.

Regression Analysis. Regression analysis is used when the independent

variables are quantitative. Special forms of regression analysis can be
used to introduce qualitative variables in certain situations. Regression
analysis is particularly useful because it not only allows the analyst to test
for the existence of a relationship between an independent and dependent
variable, but also allows the analyst to quantify that relationship. This
technique provides the analyst with a coefficient relating each independent
variable with the dependent variable, a coefficient that estimates the
amount of change that takes place in the dependent variable for each unit
change in the independent variable.

Table 5-14 is an example of a regression analysis using the same
Candelaria Revisited data set. We have referred to the importance of age
in explaining nutritional status, and therefore we include age in our
equation. Furthermore, because of the growth spurt in very young children
and the natural improvement of most children as they grow older, we
include the square of age in the equation to account for the known non-
linear relationship between nutritional status and age. To illustrate the
multivariate capabilities of the technique, we include two other variables:
number of other children in the family less than fifteen, and monthly
income plus monthly subsidies granted to the family. Note that we do not
yet deal with participation; it is not a .quantitative variable.

The critical values in the typical multiple regression printout are the
R* (R-SQR on the MIDAS printout), the coefficients, and the significance
of the individual coefficients. Our R? of .16927 says that the set of
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TABLE 5-14

A SAMPLE REGRESSION ANALYSIS;
CANDELARIA REVISITED

LEAST SQUARFS REGRFESSICN

ANALYSIS OF VARIANCE NF 443 ,PCW76 N= 773 CUT CF 2859

scuacrk J2F SUM SGRS MEAN SQR F—=ST AT SIGNIF
REGRESSIOM 4 22173, £€543,2 37.083 - .0C00
ERRNA 728 .10882 +6 149.43

TOTAL 732 .13CSS +4

MULT R= .41142 -R-SQR= «16627 SF= 12.226

VART-ARLE PARTIAL COEFF STD ERRCR T-STAT SIGNIF
CONSTAMT 107.8¢ l.&35#° 65.934 C.
11.CHLT15 -.19673 -1.2427 022548 -S.4152 .CCOC
406.AGF : -.35516 -.885CS «96341 -1 ~10.251 3000
T05. AGESR «33617 «11295 -1 11722 -2 G.€3C*8 .0000
239, [NC.SUR « L2535 a39731 =2 .10739 -2 3.£996 .00C2
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independent variables used explains 17% of the variance in the dependent
variable. Although this might seem low, in social science research, values
near 20% are common; values near 30% often cause euphoria in the
analyst. The significance of the coefficients is evident at just about any
level, and the coefficients themselves give a quantitative measure of the
relationship; for example, for each child under 15 in the family, nutritional

status drops by 1.2 percentage roints.

Analysis of Covariance. Analysis of covariance is most often used in

the context of laboratory experiments where strict control groups can be
set up. In this case, primary interest is in the effect of a treatment on a
dependent variable; however, other quantitative variables are believed to
affect that same dependent variable as well. In the non-laboratory world
of the social sciences, analysis of covariance is used when a functional
form is hypothesized where one or more of the independent variables are
qualitative but all the independent variables are of equel importance in
the analysis.

Our example from Candelaria Revisited adds the variable participation
into our hypothesized relationship (equation). We are now interested in
whether the regression lines that can be calculated for each "group" (vaiue
of the participation variables—yes or no) are the same or different. Also,
if they are different, is the difference a change in the intercept (constant)
or a ~hange in the coefficients (rates of change of the dependent variable
with the independent variables)?

Table 5-15 is a one-way analysis of covariance generated by the MIDAS
computer program. This table shows four significance levels for four
different tests in its topmost segment. The first is a test for the
significance of the covariates (quantitative variables) in explaining the
variance of the dependent variable above and beyond the variance
explained by the qualitative variable (participation). As expected, the null
hypothesis is rejected; the co-variates have a significant effect on
nutritional status. The second test is the reverse; that is, it is a test for

the significance of the qualitative variable in explaining variance in the
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TABLE 5-15

A SAMPLE ANALYSIS OF COVARIANCE;
CANDELARIA REVISITED

1=WAY CQVAPIAACE MCCEL

ANALYSIS NF VARTIANCE CF 443 .PCW
SCURCE OF
JQETWEEN VEAMS 1
COVARIATES 4
ERRNR 127
REGRESSICA &
EQUAL ANJ MEAMS L
ERR7R 727
CVE2ALL REGRESSINM 4
ENAI, PEGRFSS [ONS 5

FRUAL ANJ MEANS l
eJuUAL SLCFES 4
ERRAR (FACH REGR) 723
TRTAL 132

TABLE OF CCFFTICIENTS

CRYARIATE _ CNEFF
11.CHLTLS -1.3163
506 . AGE -.88667
704.AGESO 11254
839, INC.SUR .39541

TABLE CF MEANS AAC REGPESSIONS

PROGPART ‘ YFS NC
VEAN 93,520 - 94,1335
ANJ MEAN : 94,335 93.223
(STND ERROP) 61212 « 12246
INTERCEPT 109,75 1C7 .64
M 423 310
COMSTANT 107. 14 '1CS.£2
11, CHLTLS -1.2617 -1.3927
4064 AGE -,75020 -1.C699
105, ACFSQ 61C5 =2 J141C9 -1
339, INC.5U° 35087 =2  L40460 -2
SE IF REGLR ll.619 12.2%3
R=-SAQR «13154 «21353
SIGNIF .0300 «Q0C00

Previous Page Blank

76 N= 773

SLM SORS

118.8%¢4
22247,
«1C863

22173.
153.43
»10843

22173,
146.42
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552,99
«10807

«13099
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« 23738

+6

*6

*6

UT CF 859
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182.43
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-1 L11732 =2 9,592«
-2 .10718 =7 17,6842

135

F=STAT

37.223

le 2545

.598¢68

'« 92485

SIGNIF

«0000
«CCCO
.£00C
«GC02

SIGNIF

«0009

«2556

«4l75

« 4488



d2pendent variable above and beyond that explained by the covariates.
Here we accept the null hypothesis of no effect--participation is not
significantly related to nutritional status. The third and fourth tests
determine the nature of the effect (non-existent in this case) of the
qualitative variable on the relationship between the dependent variable and
the covariates. In short, these two tests look for changes in the
regression between the dependent variable and the covariate for the
different groups established by the qualitative variable. The first of these
tests looks for shifts in both the coefficients and the intercepts of the
separate regressions; the second checks for shifts in the coefficients alone.
In our example, participation does not significantly cause any such shifts.
(Shifts in the coefficients can be thought of as changes in the regressions

due to the interaction of the qualitative variable and the covariates.)

General Comments on Parametric Tests. The statistical techniques

described above are all "parametric”; they assume that some of the
variables in the analysis take on known distributions which can be specified
by knowing one or two parameters of the distribution (for example, a
normally distributed variable is specified if its mean and variance are
known). Additional tests are available to verify the validity of the
assumptions, and procedures have been developed in some cases to account
for violations of the assumptions in the analysis. Usually, when an
assumption is violated, the compensating procedure reduces the power of
the test (making it more difficult to reject the null hypothesis), and always
makes the testing procedure more complicated.

In the next section we will discuss some nonparametric alternatives to
our parametric tests. Note that our examples of analysis of variance and
covariance were both "one-way" models; only one qualitative variable was
used. Somewhat more complicated two-way models exist and can be used
when appropriate.
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Non-Parametric Tests

Non-parametric tests can be applied in tw¢ situations where parametr:e
tests fail: (1) where the dependent variable is not quantitative; and (2)
where the assumptions of the parametric test are not met. They are
essentially distribution-free and often use rankings within a variable rather

than numeric differences between "scores."

Chi-square Test for the Existence of a Relationship. The simplest non-

parametric test is the Chi-square test of the existence of a relationship.
If the data from two variadles f~U in discrete categories, this test can be
used to determine whether a relationship exists between them.

Consider the discrete classification of nutritional status often used in
nutrition programs and studies. (This is a partition of the quantitative
percent of standard variable used earlier.) Suppose we wanted to know if
participants differed from nonparticipants with respect to the relative
frequency of occurrence of the different nutritional grades in each group.
Table 5-16 is the two-way or contingency table presenting this data for
Candelaria Revisited.

One of the MIDAS outputs below the table is the value of Chi-square
and its significance level. Selecting either of the classically accepted
significance levels of .05 or .01, we can reject the null hypothesis of no
relationship; that is, nutritional grade is related to program participation.

Note that our t-test for difference of means suggested that the means
of the quantitative representation of nutritional status (percent of standard)
were not statistically different. The Chi-square test suggests that overall,
the distribution of nutritional status in participants is statistically different
from the distribution for nonparticipants. This should serve as a friendly
reminder of several of the points made in our analysis section. The
selection of variable (quantitative or qualitative) affects results. Also the

selection of test (means test, overall distribution test) affects results.
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TABLE 5-16

A SAMPLE CHI-SQUARE TEST;
CANDELARIA REVISITED

TWOWAY CROCSS=-TABULATICM

500. ""'?SONUT. STAT
FRCGPART MISS 2AND3  FIRST Mnowal
N= 848
TOTAL= A59 11 55 1€9 €24
YES 487 5 22 108 357/
EXPEMT ' 32 97 353
NO 361 ¢ 33 61 247
EXPECT 23 12 2k€
TESTS GF INDEPENNENCE STATISTIC SISGSNIE nF= 2 N= 8438
VAX THUM LIKELIRNAC 7.6948 «3078 CRAMFR'S PH]I= «1072
CHI ~-SQUARFE 0,7452 «0077 CCMTINGENCY COEFF= « 1066

138



Mann-Whitney U Test. Of course, we should realize that the Chi-

square test is not testing quite the same thing as the t-test for difference
of means. A closer parallel exists between the t-test and the Mann-
Whitney U test. This test is a "ranking" test, and the variables must be
at least measurable on an ordinal secale.

Table 5-17 gives the Mann-Whitney U test for our Candelaria Revisited
data, using the percent of standard measure of nutritional status. The test
compares the ranks actually attained by one group (nonparticipants) in the
entire data set with the ranks one would expect to find if the groups were
equal. If the ranks differ, the groups are not the same. Our result for
Candelaria Revisited is that the groups—participants and nonparticipants—

are not statistically different.

Kruskal-Wallis Test. Multivariate non-parametric analogs to the

parametric techniques also exist. For example, the Xruskal-Wallis test
performs a one-way analysis of variance using a ranking technique. This
particular test is used to determine if "k" independent samples are from
different populations. Table 5-18 is the MIDAS Printout of the Kruskal-
Wallis test for Candelaria Revisited data using the revised definition of
participation distinguishing between children under two and children over
two. The result parallels the one-way analysis of variance. The groups
are in fact different as indicated by the .0000 significance level on the

printout.

Review Rec_Its with Project Personncl

During the course of our project, we were struck repeatedly with the
importance of including project personnel in the interpretation of analysis
results. After analyzing data from Honduras, it beceme obvious from
comparing characteristic curves of new program participants with
continuing program participants that new participants entering the program
in or after the ninth month were "better off" with regard to nutritional
status than their continuing counterparts. We formed competitive
explanations for this observation; for example, the method of reecruitment
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A SAMPLE MANN-WHITNEY U TEST
CANDELARIA REVISITED

TABLE 5-17

TWA=SAMPLE FM4DART SOV

TEST COF 443.2CW7

MANN-WHITNEY U=
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TABLE 5-18

A SAMPLE KRUSKAL-WALLIS TEST;
CANDELARIA REVISITED

MULTI-SAVMPLE (CCVPARISC™M

TEST OF 443,9CW7¢ STATISTIC CF SIGNIF
KRUSK AL~WALL TS 23.034 3 .coCC
MEDTAN 15.387 3 .001¢
PROGP AR T N  AVG. RANK MECIAN= 93.C70

N< "> M=
5T2CP? 3¢9 42C.509 148 147 12
6T 2NP 27¢ 178,317 15¢ 112 4
LT2F0 113 457 .345 48 61 4
LT 2ND 151 491,562 60 A9 2
TOT AL °48 rUT rF 959
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of new participants found all those children who were in worst shape first,
or, alternatively, as program participants were drawn from a wider
geographical area, a healtnier set of participants was found. The "tcuth"
was learned only after showing our analysis to the project staff. They
knew--prior to cur analysis—that we would observe this phenomenon; the
government doctor in the region ordered them to concentrate on grade II
malnourished children because the most malnourished (the grade III
children) were beyond help.

Similar examples can be drawn from KOTTAR, Esperanca, and
Indonesia. In every case, the intimate knowledge of the program staff
with their community was essential for interpreting analytic results. In
KOTTAR, the staff recognized the effects of the drought on the data. In
Esperanca, the staff recognized the mistaken inclusion of children with
birth defects in the data set. In Indonesia, the staff disputed our
explanation that the environment deteriorated and forced us to look
elsewhere to explain an apvarent lack of program impact. (They alsd
provided us with an acceptable alternative: the program was too new and

had been interrupted by government military action directed at the staff

itself.)

Iterate Anslysis and Review Steps

Except in extraordinary cases, a single pass through steps 3 and 4 will
not be sufficient to limit the competing explanations of observed outcomes.
Our discussion of sophisticated analytic techniques indicates how much
judgment and art is involved in social science analysis. A single attempt

to perform and interpret analysis hardly allows for the creativity of the

analyst to lead to truth.

Incorporate Decisions into Local Decision Processes

Although there are certainly situations where learning for learning's
sake is laudable, we believe that learning for program improveinent is best.
Efforts should be made by both the analyst and program leaders to modify

the intervention, the data collection, and the data analysis procedures in

response to whatever is learned through analysis.
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CHAPTER VI
ELEMENTS OF INTERVENTIONS
THAT CONTRIBUTE TO SUCCESS

Thus far, this report has dealt exclusively with methodological issues:
problems of gathering, analyzing, and interpreting data. We now attempt
to apply the findings concerning methodology to the data used during this
project. This chapter addresses directly the first stated objective of this
project: identifying the characteristics of community-based nutrition
interventions that contribute to their success.

There are three types of conclusions regarding characteristics of
interventions that enhance success. First, there are general conclusions
applicable to any social intervention, but of particular importance with
regard to nutrition programs. Next, there are some more specific
conclusions concerning the "process" of nutrition interventions. Some of
these follow directly from the general conclusions and are discussed
specifically in tho context of nutrition. Others are peculiar to attempts to
intervene in the developing world, and are also placed in the context of
nutrition. Finally, therc are comments (as we shall see, conclusions may
not be the correct word) concerning the specific components often found in

nutrition interventions.

GENERAL CONCLUSIONS

The setting in which community-based interventions are carried
out will most likely change in major ways during the course of
those interventions.

This point has been raised repeatedly throughout this report. This is
not an accidentsl redundancy; we have been struck repeatedly by the
importance of the changing environment. Therefore, once again, examples

of this phenomenon are included.
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From the literature, the most dramatic example of a changed setting
comes from Urrutia, who describes the unexpected termination of his corn-
fortification intervention after an earthquake killed 5 percent of the study
population and destroyed nearly all the homes in the study region (Urrutia,
1976). That type of drastic change can end interventions. Yet more
subtle changes in the environment occur also which can be accommod~.zd
during an intervention.

In Thailand, Dr. Gershoff described the near collapse of the rice market
near Chiang Mai due to the black market movement of rice across the
country's borders. In Esperanca, manpower availability is constantly
changing as the number of students from the University of Para working
with the project in Santarem fluctuates. In KOTTAR, the monsoons failed
to appear in 1975, which curtailed production and resulted in the doubling
of the local price of rice and tapioca (cassava). The Save The Children
development programs in the Dominican Republic and Honduras have had to
adjust to changes in leadership, as SAVE transfers its personnel among
programs. Recently, PRIMOPS has changed its mix of services and
expanded the geographical area served in response to its need to secure
additional funding.

The point of these examples is that shifts in circumstances are neither
minor nor insignificant. Furthermore, to the extent that community-based
interventions focus upon high-risk communities or subgroups within
communities, exogenous events, particularly floods, food shortage, droughts,
etc., generally affect these high-risk groups the most. Thus, even
moderate changes in circumstances can play a significant role on variables
used to measure outcomes while major changes may dominate them.

The second general conclusion reflects the general level of knowledge
held by the nutrition/health planning field.

While the state of the art of community-level problem
diagnosis has improved, it offers at best only a first

approximation to an understanding of the specific causes of
malnourishment at the local level.

In recent years considerable attention has been given to trying to
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understand the specific physiological determinants of malnourishment.
These include:

e the role of gastro-intestinal diseases in malabsorption (e.g.,
stealorrhea, sprue, Crohn's Disease, ulcerative colitis),

e infective diseases (e.g.. respiratory, tuberculosis, leprosy,
yaws, scabies, sepsis, cardiace),

e allergies (e.g., food asthma, eczema, celiac disease),

e endocrine and metabolic diseases (e.g., diabetes, Addison's
Disease, ncoplasms),

e congenital defects (e.g., prematurity, metabolic errors,
anatomical, nutritional),

e various results of contaminated foods, including stomatitis,
enteritis, dysentery, parasites, and toxins (Robson, 1972).

Considerable progress has been made, especially at the clinical level, in
understanding these determinants. For example, Scrimshaw et al. outline
the interaction of infectious disease and malnutrition (Serimshaw, Taylor,
and Gordon, 1968). In-depth examples of the synergistic and antagonistic
interaction at the clinical level are provided. Bacterial, viral, rickettsial,
and other types of infections are discussed in reference to various nutrient
deficiencies. More recent works, one edited by Suskind (1977), and the
other authored by Chandra and Newberne (1977), also address the infection-
malnutrition interaction. They substantiate the great strides made in
understanding the determinants of malnutrition at the clinical level.

Numerous other documents and research findings concerning
physiological determinants of malnutrition for at-risk groups, such as
women and children, also exist. For example, Fomon (1977) describes how
to identify disorders with a nutritional basis in children, and Jelliffe (1975)
concentrates on issues of infant malnutrition in developing countries.
Similarly, Moghissi and Evans (1977) present papers of scientists, clinicians,
and investigators who are exploring the nutritional needs of women and
their dynamies to assure optimal reproductive performance, and a
publication edited by Mosley (1978) deals with relationships between

147



maternal nutrition, reproduction, and the health and welfare of their
offspring. These, and numerous other publications, are indicative of the
sophisticated understanding of the physiologic dynamics that determine
malnutrition and must be addressed.

In addition to advances at the clinical level, much work has been done
~ to contribute to the understanding of the role played by environmental,
social, and economic factors in causing malnutrition. In the environmental
area, the importance of sanitary facilities in reducing diarrhea has been
shown. Rubenstein et al. showed significant reduction in hospital
admissions for diarrhea in a Hopi pueblo after the construction of sanitary
facilities (Rubenstein, et al., 1969). With regard to social factors, Jelliffe
notes how food selection and availability, culinary practices, and other
food-related behavior are transferred to individuals through a socialization
process (Jelliffe, 1975). Jelliffe argues that an understanding of the
cultural factors in a society can lead to more directed efforts at
combatting malnutrition. Pollitt, Gilmore, and Valearcel studied the
behavior of mothers and infants during feeding and concluded that food
intake of newborns might be improved by "teaching" mothers better
behavior patterns while nursing (.'ollitt, Gilmore, and Valcarcel, 1975).
With regard to economic factors, many studies have been done in an effort
to relate income, occupation, wealth, ete., to nutritional status (Drake and
Fajardo, 1976; Heller and Drake, 1979). Ifekwunigwe brings land tenure,
production methods, and income to this analysis (Ifekwunigwe, 1978).
Lechtig created a socioeconomic scale based on housing, clothing, and child
education, which had an inverse relationship with birth weight (Lechtig,
1975). Also, Valverde related amount of land owned and occupation to the
prevalence of malnutrition in children (Valverde, 1977).

As good as some of these analyses are, an intervention based on
“knowledge derived from them can, at best, provide a first approximation to
the best strategy for a given situation. Any given local system is
sufficiently complex that a model or theory of local change based on
existing knowledge will be incomplete. Based on analysis of local data, it
migt.c be possible to conclude that due to a high initial incidence of
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diarrheal disease, resource allocation to improve water potability might be
a wiser start than allocation to food supplementation. But the causes of
diarrhea may be multiple, and water potability may be only an initial step
toward eliminating the disease. Typically most interventions have too few
resources at the outset to perform an analysis to arrive at even this first
approximation.

It is easy to become discouraged by a discourse which emphasizes what
we do not know and what we cannot do. But, a first approximation is
fundamentally better than none at all, if it is understood that it is just a
first approximation and not an ultimate solution. Certainly, as complete a
diagnostic process as possible ought to be carried out in any given setting.
The principal point is that this diagnosis is, and will continue to be,
preliminary and tentative. ,

The third general conclusion is a direct consequence of the first two.

It is virtually impossible to plan in advance what will be the
optimal intervention strategy. Rather, an initial plan
incorporating mechanisms for modifying the intervention as

time progresses will produce improved courses of action for
achieving the ultimate goai.

The logic underlying this conclusion is celatively straightforward. If the
setting containing an in*ervention is constantly changing end if the state of
knowledge is such that only a first approximation to a solution can be
found at any point in time, a strategy of iterative programming is needed
to enable proper response to shifts in setting and/or to lessons learned
while trying that first (and subsequent) approximations. In short, the world
is complex--we must be flexible in order to deal with the complexity.
This may sound like the typical platitude of the social scientist who must
explain his/her inability to effectuate positive change. But it is true and,
if it is recognized and dealt with intelligently, its tendency to confound
success can be minimized. '

We are particularly concerned with the unanticipated responses of a
complex society to externally supplied stimuli, such as interventions.
Because most of the basic determinants of malnutrition are intricately

149



bound to the whole fabric of a community, the responses to attempts to
modify those determinants have far-reaching consequences.

As illustration, consider some of the now recognized but once
unanticipated consequences of some of the more intuitively appealing
solutions for malnutrition. Supplementary foods can have the effect of
depressing prices paid to farmers which, in turn, causes decreased local
production. Isenman and Singer found less of this disinecentive in India
than they originally thought they would, but they did find evidence of it
(Isenman and Singer, 1977). Latrines, when built in the wrong
circumstances {in areas without fly control or where water tables are high)
can. do more to increase the spread of infectious disease than they do to
decrease it. As a final example, the mere presence of an intervention can
reduce the willingness of local communities to help themselves by creating
an unnatural dependence upon outside aid. A CSF team reviewing PL 480
programs in India writes:

The assessment team was struck time and again by the
recipients' unquestioning assumption that the government would
provide food, schools, wells, and shelter. We believe that this
dependence is furthered when ‘vod aid is not made conditional

on the availability of local inputs (Community Systems
Foundation, 1979).

We also note that as some of these unanticipated relationships become
"anticipated," and as other better known relationships become documented,
they take on complex behaviors of their own. As consumption increases,
malnourishment decreases (usually). But this relationship is not yet
sufficiently quantifiable. "Magnitudes" of improvement in nutritional status
cannot be associated with corresponding "magnitudes" of change in
consumption. There are diminishing returns for each increment of
consumption and, at some point, further increases become a liability in the
form of overnourishment leading to obesity.

In summary, planners of nutrition interventions are faced with: (1)
bivariate relationships which are themselves complicated and nonlinear; and
(2) multivariate interactions which are complicated and often unanticipated.
The existence of complexity and uncertainty renders the construction of a
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single "model" or "mathematical represeﬁtation" of reality a difficult if not
impossible task.

Such a model would need to consist of a set of simultaneous, nonlinear
equations with interaction terms. Most of these relationships would also
have substantial variablity associated with them, indicating that a
stochastic treatment would be most appropriate. Models of this type are
mathematically unsolvable. Thus, community reality cannot be abstracted
even if data are available, and they are not. Under these conditions, it is
clearly difficult to know in advance the best way to reduce child
malnourishment at the ccmmunity level. Therefore, the most reasonable
strategy is to formulate an initial plan and embark upon a course of
community action, while incorporating mechanisms for modifying the
intervention as these intricate relationships become understood. (An initiel
attempt to capture nonlinearity, interaction, and simultaneity in some of
the relationships is reported in a model shown in Heller and Drake (1979)
and Drake and Fajardo (1976). Several heroic simplifing assumptions were

needed to structure a model amenable to manipulation.)

THE PROCESS OF A SUCCESSFUL NUTRITION INTERVENTION

The general coneclusions of the last section call for a fluid and flexible
approach to planning and implementation. Programs that recognize this
fact and design their approach accordingly have a higher likelihood of
success in reducing malnourishment than others. This section desecribes
five characteristics of an intervention that contribute to its ability to
identify and respond to a changing environment.

Articulation of a Theory of the Local Nutrition System

A nutrition program that articulates a theory of the "local
nutrition system" will be better prepared to identify critical
relationships than one that does not.

The "local nutrition system" is the collection of primary and secondary
factors which relate to the nutritional status of a community. For
example, CSF has used the nutrient flow model as an initial theoretical
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" description of the "nutrition system." This model recngnizes consumption
and health as two primary factors in any nutrition system, and includes
income, agricultural production, and sanitary systems as secondary factors
determining consumption and health. This general framework is a useful
starting point for articulating a "local nutrition systein" theory. The
specific concerns of the local situation must be incorporated into the
general framework.

 For example, the Cauca Valley in Colombia (the site for Candelaria and
PRIMOPS) is virtually seasonless. The slight variations in rainfall which
distinguish the dry and wet seasons are not sufficiently significant to bring
"seasonality" into the local model. In Thailand and India the monsoon
season is definitely a factor to be reckoned with; it must be in the local
model. Similarly, in the Central Amazon, there are local taboos against
eating certain nutritious foods during pregnancy. A different set of taboos
exist in Indonesia, while in India, some women choose to cut down on
consumption during the last three months of pregnancy beca.se they
believe that it is easier to deliver small babies. These local custon's must
be mace a part of the articulation of the "local nutrition system."

It should be immediately apparent that the usefulness of the local
model lies in its ability to help test "a priori" the impact of a particular
intervention strategy. However, there are two nther uses for the model.
irst, it serves as a guide to the data to be collected for monitoring, and
an aid in setting reasonable expectations of the impact of proposed
strategies. (A theory acknowledging the sharing of food within a family
will lead a change agent to expecting less change in nutritional status of
children as a result of supplementation than a theory which ignores this

phenomenon.)

Learning from Experience

A nutrition program capable of monitoring and evaluating itself ,
is more likely to reduce child malnourishment than one t...u
does not have these characteristics.

" This statement sounds trivial, but our experience indicates clearly that
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the implementation of this concept is not. In the interventions considered
in this project, the objective data gathered during the intervention was
generally underutilized by the primary change agents for self-evaluation.

In order for data to be used in monitoring and evaluation, there must
be a clear recognition of the usefulness of such feedback by project
personnel. In every project studied, this interest and recognition was
present to some degree. Along with it, however, was the perception that
the gathering of data on project performance is a diversion of resources
away from the provision of services to beneficiaries. The question
becomes one of cost versus benefit and, here, the "show me first"
philosophy often wins out.

The interventions studied as part of this project were sufficiently
committed to take the first step; to routinely record anthropometric and,
in some cases, additional data as part of their everyday activity.
However, in several cases, this commitment to data gathering was not
matched with sufficient analysis and feedback to project staff. We believe
that this is the result of several forces. First, the costs of analysis and
"feeding-back" are grossly underestimated. Second, the skills required to
perform analysis and provide feedback are often absent from the staff of a
community-level program.

With regard to the costs, data collection should be only a small part of
the total effort. Detailing percentages to be spent for data gathering,
cleaning, analysis, and feedback in this report is a risky undertaking. Still,
we offer some guidelines. Except for interventions launched for strictly
research purposes, it is difficult to imagine conditions which justify the
expenditure of more than fifteen percent of total projeect resources on
monitoring and evaluation. A more reasonable estim.ite is closer to five
or ten percent. Of this amount, 20% should go toward collection, 20%
toward cleaning, 30% toward analysis, and 30% toward feedback. We point
out that a $100,000 per year intcrvention would spend only $3,000 on data
analysis.

The 30% figure for feedback might seem on the high side, but we have
found that the most difficult aspect of feedback is presenting results in a
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useful manner. (The average change agent has trouble interpreting an
analysis of covariance—so, by the way, has the average analyst.) Great
care must be taken to feed back data correctly, for it is difficult to
achieve proper balance in the use of quantitative feedback. Often, the
first time that numeric results are provided to a community, there is a
tendency to over-subscribe to their importance. In Honduras, there was
consideration given to stopping a feeding program because a brief field
study showed a slight increase in malnourishment--statistically
insignificant, but a change for the worse nonetheless. A drought was
worsening, but this was not immediately apparent in the field. This bias
in favor of numeric results is especially distres.ing because so many of the
most important phenomena are not presently capable of quantification.
Careful presentation of results is the only hedge against such
misinterpretation.

With regard to analytic skills, these might best be supplied by an
outside agent. This is especially attractive if that outside agent could
provide service to multiple communities, for his own skills would sharpen,
and economies of scale would be derived. If, as we shall recommend, the
locally generated data sets are used as part of a national surveillance
system, one function of the national team running the system could and
should be the analysis and feedback of results to participating communities.

Local Involvement

Nutrition interventions that emphasize local involvement, both
in design and implementation, are more likely to succeed than
ones that do not.

The literature is replete with examples where lack of local involvement
is faulted and the presence of it praised, yet differences of opinion exist
with regard to the degree and nature of involvement. Also, the definition
of "local" can be a source of contention. The following pages argue in
favor of a dominance of local input in both the design and execution of
community-based nutrition programs.

We begin with a definition of the term local. A local person lives in
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“the geographically defined community and would continue to do so in the
absence of the intervention. An argument can be made that government
‘officials s«nd/or medical people should be considered a part of the
community for which they have moral and professional responsibility. We
choose to regard these people as an essentially external resource; that is,
they can play a special role as "pseudo" community members who provide
needed assistance, but they do not represent the community itself. Given
this definition, only one intervention examined in the project had a strictly
local change agent. In KOTTAR, the Belgian priest and sister had lived in
the region for a long time prior to the intervention and planned to die
there. In Candelaria and PRIMOPS, the change agents were predominantly
external: medical people with official responsibility for the study area but
who did not live there.

There are three major reasons for encouraging local involvement. First,
outside change agents generally know too little about the environment in
which they are working. Though they are often knowledgeable ahout
development, medicine and/or nutrition, they lack in-depth knowledge of
local custom and culture. Local involvement brings with it the intimate
knowledge of local tradition that must be factored into any intervention
plan. '

Second, it is difficult to grasp the complex politic 1 structure and often
transparent hierarchy at work in a community. Initial identificatjon of key
persons must often be altered, sometimes only after an intervention has
gone astray. The answer, again, is a high degree of local involvement.

Finally, a key to success is acceptance. The best plan will not work if
the beneficiaries are unwilling to participate. Local involvement in
planning, implementation, and evaluatién is an important step toward
gaining this acceptance.

A logical question is, how can loeal expertise be combined with the
knowledge and funding arriving with the outside change agent? We have
observed several different styles and conclude that there is no single
correct way. The personality, skills, and station of the change agent
dictate his/her approach; what works for a minister may not work for a
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doctor. Save The Children, for example, has a conscious and deliberate
strategy for enlisting commuity involvement—CBIRD, or Community Based
Integrated Rural Development.

The first step in this strategy is the establishement of a broad-based
community development committee which works with the SAVE project
leader to define a workable program. In practice, incentives for
undertaking certain types of activities may be tied to the skills of the
SAVE staff and/or the availability of outside funds. The clear advantage
to this approach is that the intervention becomes a ecommunity program,
and is likely to be accepted and continued. The disadvantage is that
participation at all stages of the intervention is time-consuming, and
programs assembled by committee tend to have patechwork qualities which,
although representative, impede efficiency.

In contrast, there is the approach used by the Aroles in Jamlghed, India
or, to some extent in India by the KSSS. In both locations, there afe too
many villages for the available resources. The change agents select those
villages that are most eager to participate and most willing to accept the
solutions and/or "rules" set by the change agent.

Whatever the method, local involvement is generally beneficial. The
one caveat with regard to participation is that the community is of:en
represented by an existing power structure with a stake in preserving itself
and the gap between it and the poorest classes. Care must be taken to
avoid the situation where the intervention strengthens the hold of the
powers that be, at the expense of the more high-risk people in the
community.

The Bridge Between Two Worlds

A nutrition intervention director who spends as much time as
possible in the community, yet attempts to promote linkages
with non-local systems, raises the likelihood of reducing
malnourishment at the community level.

In the discussion of the life eycle of an intervention, we spoke of the
change agent as the bridge between two worlds—the comm‘unity and the
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world of international government and finance. We made reference to the
role the change agent has in bringing the needs of a changing community
into harmony with the technical knowledge and resources of the outside
world. The double-edged premise above suggests that capable performance
of the bridging function is a key to attaining the ultimate objective.

Let us consider linkages to the outside world. At the very least, the
program director must secure funding during the initial (and, perhaps, later)
stages of his intervention. However, it is the change agent who brings the
technical knowledge and organizational skills to an intervention. He can
also bring potentially available government services to a community and
can serve as a catalyst in seeing that existing services are dispensed
effectively.

The models for achieving effective linkages vary according to program
design, individual personality, and organizational support. Save The
Children (the advocate of community development committees) often
locates the primary program director (person with the power to make
policy) outside of the study area in a national or regional city.
Operational responsibility of the program is usually vested in a native born
person who resides in the study area itself. In KOTTAR, the KSSS
connection with the Catholic Church and Catholic Relief Services forms a
highly successful link with a source of the external support, while the
primary change agents remain in the study area most if not all of the
time. Candelaria and PRIMOPS are allied to a major university, which
provides technical talent as well as a financial bridge to the outside.

Now we turn to the change agent's presence in the community. In
more remote areas, maintaining an adequate presence in the community
while establishing linkages with the outside world are often conflicting
activities. Too often, for both personal reasons and "to keep the money
flowing," the program director feels compelled to locate in a major city.
Programs can stagnate in these circumstances unless extraordinary efforts
are taken.

Again, there is no magical formula for maintaining a balance between
the outside world and the community. It is a matter to be resolved in
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each case, yet success of the intervention may well hinge upon resolution.

Ensuring a Critical Level of Intensity

A multi-faceted nutrition intervention offers a variety of
services to its beneficiaries. Each service must be maintained
at some critical level sufficient to produce the desired result.

Of the five characteristics of a successful nutrition intervention, this
one speaks most directly to the activities or services that comprise the
intervention. Although it is intuitively appealing to speak of a ecritical
level of intensity (a threshold of activity needed to produce a result), it is
difficult if not impossible to quantify that critical level for a given
activity, Therefore, we must rely upon intuition to provide insight.

First, consider a home visit program. In KOTTAR, visits were monthly;
in Candelaria, visits were made every second month; in PRIMOPS, visits
were six to eight months apart. Clearly, not all rates of visitation
produce the same response. In assessing optimal frequency of visitation,
the quality of the visit, the skill of the home visitor, and the nature of
the local malautrition problem itself must be considered. We feel that
home visits for a program using weight/weight(age) measures as a
diagnostic and/or yardstick of change should occur every three months.
With the exception of the highest-risk children who dehydrate quickly (in
hours sometimes), three months is enough time to see change in the
measure.

~ Second, consider a supplementary feeding program. There must be a
critical amount of food to produce a visible change in nutritional status.
Again, this critical amount will vary from place to place, depending on the
magnitude of food shortage, the amount of intra-family sharing, and the
disease cates in a communtiy. In this case, we wi:l not even speculate as
to the critical level; it is sufficient for our purposes to state that it
exists.

As a third example, consider the problem of identifying critical levels
in a multi-dimensional program. The interaction between the dimensions
affects the critical levels of each. Diagnostic home visits, which also
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deliver food supplements, must be frequent in order to avoid spoilage of
the supplement and to facilitate movement of the food.

In summary, we have identified five characteristics of a successful
nutrition intervention which facilitate the incorporation of a flexible
process of program planning and implementation. A nutrition intervention
director should formulate a theory of the local nutrition system, develop
the capability to learn from experience, encourage local involvement,
maintain a distinct presence in the community, yet establish linkages to
the outside world, and strive to provide services at their critical level of
intensity.

Yet there is a major .reason why many programs funded from outside
sources, such as US/AID, do not subscribe to this philosophy. A process-
oriented model of intervention is inconsistent with the budgetary cycle of
governmental, quasi-governmental, and large voluntary organizations.
Funders are obliged to commit in advance specific amounts of resources
for distinet purposes, and are themselves accountable to some higher
review. Thus, they find it difficult to accommodate the uncertain pace
and substance of interventions which adopt flexible procedures to enhance
internal modification, rather than chart in advance a specific regimen.

There is, however, an additional irony regarding the process perspective
of an intervention, and it causes particular concern. If a distinct plan is
laid out in advance and adhered to during the funding period, it becomes
relatively easy for an outside analyst to evaluate the project. Clearly, a
very real need exists for funders to evaluate interventions; yet, at first
glance, the process model makes this a potentially more difficult task.

However, we believe this problem dissipates when approached through
the iterative process of participatory evaluation. An iterative approach
enables the evaluator to become acutely aware of changes in the local
environment as well as intimately involved with project personnel, and
hence develop an understanding by which to assess the viability of the
intervention. The same process which allows project directors to
effectively guide their program can give outside reviewers the means of

assessing their "investment."
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SUBSTANTIVE INTERVENTION CHARACTERISTICS

In this chapter, we have argued that the components of a given
intervention should be uniquely determined through the application of a
flexible "learning" process of planning, implementation, and modification.
This is not to imply that an intervenor cannot or should not learn from
the experience of others. In this section, we summarize our interpretation
of the experiences of the change agents with whom we have worked
throughout this project.

In the introduction to this report, we presented a broad definition of a
nutrition intervention, one that recognized a range of possible activities
including, on one extreme, the intuitive solution of supplemental feeding
and, on the other, the less obvious solution of general development work.
In fact, the interventions reviewed in this study almost always used a
combination of components applied at varying levels of intensity. Attacks
on malnutrition for immmediate relief were often combined with attacks on
poverty for long-term, self-sustaining relief. Table 6-1 categorizes the
components of each of the interventions for which we have anthropometric
data.

For convenience, our discussion describes five broad categories of
activities. However, note that these often overlap in practice. Before we
begin, it is important to lay one issue to rest: the distinction between
curative activities and preventive activities. There is no clear demarcation
between the two; what is curative in one context is preventive in another.
The rehydration of diarrhea victims is curative with respect to diarrhea
and preventive with respect to malnutrition. The feeding of pregnant
mothers is curative for the mothers but preventive for the infant (by
leading to higher birth weight). Because of this high degree of overlap
and confusion, we choose to obscure the distinetion between prevention and
cure—yet at the same time emphasize preventive aspects of interventions.

The following section describes our current understanding of the
substantive components of interventions.
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Food Consumption

All of the interventions studied during this project included some
method for increasing food consumption. These ranged from education
directed toward improved use of available foods, to production of new
foods, to outright supplementation and/or fortification. Our basic position
is that adequate food intake is a necessary but not sufficient condition for
good nutrition. Furthermore, efforts to increase consumption through
supplementation programs should never be thought of as a long-term
solution to the problem of malnutrition. At best, supplementation can
temporarily alleviate a critical shortage and, even in this situation,
improved consumption is still not sufficient for good nutrition. In our
study, we were unable to assign direct positive effects to any of the other
strategies used to bolster consumption.

An unrealistic vicw of the prospects for food supplementation is
frequently held. In practice, rations are too small to have much impaect,
especially since they are almost always shared among family meinbers. We
found sharing of the supplement even in on-site feeding programs; for
example, in the India ICDS and Jamkhed programs, food in the form of
buns or plate servings was taken home from the site for sharing with
siblings.

Unfortunately, the factors that might "prove" that supplements cannot
work are themselves unknown. The U.N. University, WHO, and FAO are
currently engaged in a large study to redetermine daily nutrition
requirements, Furthermore, the effects of disease upon nutrition
requirements are unknown. But, our judgment at this time is that
supplements alone do not substantially affect malnutrition.

We do acknowledge that supplements can be used for another important
purpose, namely, as an incentive for participation in nutrition-related
programs. KOTTAR used food obtained through Food-For-Work as an
incentive for development projects and Food-For-Peace commodities to
induce family acceptance of their home visits. In Honduras, the size of
the program grew at a rate far greater than the rate of growth of the
supplement, simply because people wanted free food. In the context of
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incentive to participation, food supplementation is helpful.

Health

With the exception of the CARE/PL 480 food supplement, every
community-level intervention studied in our project had a health
improvement component either as part of that intervention or as part of
another related simultaneous intervention. The precise nature of the
health component is very much a function of the local environment, of the
medical training of the intervention staff, and of the medical treatment
facilities and people already in a community that can be tapped by thre
intervenors. Therefore, it makes little sense to preseribe a "best" health
component. However, there are four activities that are certain to have
positive but as yet difficult-to—quantifv effects upon participants.

The first activity is the reduction of diarrhea. The relationship
between malnutrition and diarrhea is well-documented as well as intuitively
appealing. (A child whose digestive tract is not functioning needs more
nutrient intake.) The most common solutions for d{arrhea problems at the
community level, such as the construction of sanitary facilities and
improvements in water potability, represent environmental improvements
and are discussed in the next section. The most common solutions at the
individual level are hygiene education and cral rehydraticn. This latter
solution, the treatment of diarrhea by oral rehydration, is simple and
effective, and also requires hygiene education. Although solutions to the
diarrhea problem span the five categories we chose to discuss, the problem
is sufficiently important to rate special attention as a health measure.

The second activity is immunizations. The third is the administering of
broader curative services for- diseases other than diarrhea. These two
activities are addressing the same objective—to minimize diseases that
have synergistic relationships with malnutrition.

The fourth activity is the use of a growth chart for participating pre-
schoolers. It is the best diagnostic device we have—imperfect as it is.
Because growth charts are intricately involved with the education of
mothers, this will be discussed further in category 5.
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Environmental Works

We have already alluded to the constructior of sanitation and water
systems as a strategy for minimizing the spread of disease, especially
diarrhea. Yet there are important qualifications on any recommendation to
build these improvements.

The construciion of latrines is the most common response tc widespread
diarrhea. However, in some situations, latrines can do more harm than
good. Latrines may do more to spread disease than prevent it if: 1))
there is not fly control around the latrines; (2) the water filters from the
latrine into the water supply; and (3) people do not leern how to use them
properly. In Jamkhed, latrines were not utilized because of the fly
problem. In Indonesia, the government built latrines but people were never
instructed in their use, and they were not used.

A typical response to non-potable water is to teach people to boil it,
or to alter their source. It is not clear that either of these solutions is
best. There is some evidence that the quantity of water used is more
important than water quality itself; flushing the home environment by using
more water, even if it is of poor quaity, may be more important than

cleaning that whieh is used.

Family Planning

Most of the interventions studied did not have a family planning
component. However, in Candelaria, we did obtain some rather startling
results which merit special attention, not only because of the family
planning implications but also because of what it may say about
intervention components in general.

Throughout the entire Candelaria nutrition project (1968 to present),
there was a government program in family planning occurring in the eity
of Candelaria. The program consisted of distributing educational materials,
as well as providing contraception consultation and preseription. This local
component of a national program seemed to be well run and funded
adequately for the tasks it was intended to carry out. The Promotora
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Program enhanced this national prog‘ram'by providing an "outreach"
component by disseminating material and following up problems during the
course of the promotora visits to the home. During the course of the
intervention the use of birth control increased dramatically, but it was not
possible at that time to discern the effect upon the fertility rate of
mothers. However, the Candelaria Revisited effort provided us with an
opportunity to look at the longer-term effect of contraception use upon
fertility. In the study, it was found that those mothers who participated
in the Promotora Program had much lower fertility rates than those who
did not, even though both groups had been exposed to the same
government program. Clearly, a more intense application of the
contraception program, in the form of promotora outreach and follow-up,
yielded drameatic returns beyond the effect of the government program
alone.

Nutrition and Hygiene Education

The importance of nutrition and hygiene education can be neither
ignored nor quantified at present. We have already alluded to its role in
changing consumption patterns, in treating diarrhea through oral
rehydration, and in teaching people to use latrines and contraception.
Although we cannot place a "number" on the impact of education, we feel
that its role as a catalyst may be the most critical component of any
intervention.

Yet there are warnings to be made about nutrition and hygiene
education. It needs to be easily understood by illiterate or barely literate
people. It must address issues that people can respond tc. (It does little
good to tell people without fuel to boil their water.) Tinally, it must do
more than simply inform; it must induce people to change their behavior.

We have been particularly impressed with the use of growth charts as
an educational tool. In those situations where the charts were maintained
simply for data keeping purposes, the reliability of the measurement
deteriorated over time, and the cost in both time and money probably was
not worth the benefit. On the other hand, the charts proved extremely
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effective when incorporated as part of a nutrition education program, and
were actively used to monitor the progress of the individual child.

We have adopted a broad definition of weight chart, one that embraces
the concept of using an appropriate device, not necessarily the written
word, to convey the messages inhere'{lt in a child's growth progress. In
literate societies, the graphic chart with written explanations and
instructions can work well. However, in societies where literacy is low,
other devices (for example, color-coded flags) can be used to help the
mother understand her child's progress.

In some circumstances, the weight chart is best kept by the mother in
the home. We have seen sever:. instances where the mother and family
treat them as cherished possessions which "tell the story of their child."
In this case, health-related messages included on the card are easily
reinforced through education programs and disseminated through the mother
to her family. In other settings, the weight chart might best be stored at
a health pgst or center, and used as the triggering device for discussion

and learning during consultation.

POLICY IMPLICATIONS

Our comments on the substantive elements of nutrition intervention
were made, in part, to illustrate the importance of context in defining
strategy. This should serve to reinforce the concept that the process of
intervention described earlier is the only general presecription for success.
The implications of this concept are many and, like the analytic results
derived from quentitative data on nutrition, often subject to multiple
interpretations.

One implication of the importance of process in community-level
intervention is that nation-wide solutions to nutrition problems do not and
cannot exist. To accommodate the v. .ed personalities of communities or,
perhaps, regions, individually tailored programs are needed. This is not
meant to imply that national nutrition is irrelevant. Rather, it does
suggest the need for national planners to consider local character in
evolving multiple strategies for combatting malnutrition.
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A second implication is that national surveillance systems are hardly
likely to identify the true causes and effects of existing nutrition
programs. If local input is needed to interpret detailed data from a
community, a national system that gathers data at some central location is
clearly going to overlook the complex sets of circumstances producing loeal
change. This is not to say that national surveillance systems are a waste
of effort. Rather it suggests the need to pattern national systems as
collections of local systems tied to the diverse interventions in place at
the local level. Data should be made available and used as part of local
or regional interventions to help shape those interventions. Locally
generated data bases originating in conjunction with particular interventions
should serve as the building blocks of national surveillance systems.

Finally, a third implication of the need to shape nutrition programs in
the context of local conditions is that finding proc.dure for interventions
may need modification. The current strategy employed by many funding
organizations to ensure accountability of their funds is to encourage
potential intervenors to map out all the characteristics and costs of the
intervention prior to iritiation. Under these circumstances, modifying an
intervention in response to lessons learned a“out the local environment
becomes cumbersome at best. This is not meant to imply that funding
agents need give up control over the expenditures made with their money.
It does suggest the need for a better review process during an
intervention--a proce.s that makes continuing funding for any given
program contingent on demonstration of additional need in view of the
lessons learned.

Thus, we have come full circle: the mechanism to continuously identify
those factors contributing to & program's success, &lso allows for
accountability of program funding. Furthermore, the process by which
intervention results are accurately obtained is precisely the same process
which enhances program success.

167



BIBLIOGRAPHY

Anderson, Mary Ann. CARE preschool nutrition project: Phasé II report.
New York: CARE, 1977.

Austin, James E. et al. Nutrition intervention assessment and guidelines.
Cambridge, Massachusetts: Harvard Institute for International
Development, 1978.

Beaton, G.H. and Ghassemi, H. Supplementary feeding gro%ammes for
young children in developing countries. Report prepared for I an

ACC Sub-committee on nutrition of the United Nations. October, 1979.

Chandra, R.K.; Newberne, P.M. Nutrition, immunity, and infection:
Mechanisms of interactions. New York: Plenum Press, 1977.

Community Systems Foundation. An evaluation repo:t of the P.L. 480 title
I1 program in India. Ann Arbor, Michigar: Community Systems
Foundation, 1978.

Survey methods in developing countries: A planning and
evaluation tool. A report to Save the Children on the Dominican Republic
Survey. Ann Arbor, Michigan: Community Systems Foundation, 1978.

Drake, William D.; Fajardo, Luis F. The Promotora Program in Candelaria:
A Colombian attempt to control malnutrition and disease, 1068-14. Ann
Arbor, Michigan: Community Systems Foundation, 1976.

Fomon, Samuel J. Nutrition disorders of children: Prevention, screening,
and followup. Rockville, Maryland: Public He«lth Service, U.S.
Department of Health, Education, and Welfare, 1977.

Gershoff, Stanley N. et al. "Amino acid fortification of rice studies in
Thailand. I. Background and baseline data." American Journal of Clinical
Nutrition 28(2):February, 1975.

"Nutrition studies in Thailand. II. Effects of fortification
of rice with lysine, threonine, thiamin, riboflavin, vitamin A, and iron on
preschool children." American Journal of Clinical Nutrition 30(7):July,
1977.

Gomez, F.; Galvan, C.R.; Cravioto, J.; Frenk, S. "Malnutrition in infancy
and childhe~d, with special reference ot kwashiorkor." Advances in
Pediatries 7, 1955.

169

Previous Page Blank



Habicht, J.P. and Butz, W.P. "Measurement of health and nutrition effects
of large-scale nutrition intervention projects."” Evaluating the Impact of
Nutrition and Health Programs. Edited by Robert E. Klein. Plenum Press:
New York, 1979.

Hamill, Peter V.V.; Drizd, Terence A; Johnson, Clifford L.; Reed, Robert
B.; and Roche, Alex F. NCHS growth charts, 1976. Monthly vital
statistics report, Vol. 25, No. 3 Supplement, June 22, 1976. National
Center for Health Statistics, U.S. Department of Health, Education and
Welfare.

Heller, Peter S.; Drake, William D. "Malnutrition, child morbidity, and the
family decision process." Journal of Developmental Economics. North

Holland Publishing Company: Amsterdam, Netherlands, 1979 (in press).

Ifekwunigwe, Aaron E. "Socio-Economic factors in the nutrition of the
rural poor." Paper presented at the XI International Congress of Nutrition
at Rio de Janeiro, Brazil, 1978.

Isenman, Paul J.; Singer, H.W. "Food Aid: Disincentive effects and their
policy implications." Economic Development and Cultural Change
25(2):January, 1977.

Jelliffe, Derrick B. "Cultural aspects of nutrition." Practice of
Pediatrics. Edited by Vincent Kelley. Hagerstown, Maryland: Harper and
Row, 1975.

Infant nutrition in the subtropic and tropies. WHO
Monograph No. 25. Geneva: World Health Organization, 1955.

The assessment of the nutritional status of the community.
WHO Monograph No. 53. Geneva: World Health Organization, 1966.

Jones, Edna M.; Munger, Sara J.; Altman, James W. A field guide for
evaluation of nutrition education. An experimental approach to
determination of effects on food behavior in lesser developed countries.
Allison Park, Pennsylvania: Synecties Corporation, 1975.

Karlin, Barry. The state of the art of delivering low cost h :lth services
in less developed countries: A summary study of 18( "eaiih projects.
Washington, D.C.: American Public Health Association, i../.

Keller, W.; Donoso, G.; DeMaeyer, E.M. "Anthropometry in nutritional
surveillance: A ruview based on results of the WHO collaborative study on
nutritional anthropometry." Nutrition Abstracts and Re . . :ws 46(8):1976.

Lechtig, Aaron, et al. "Maternal nutrition and fetal growth in developing
societies." American Journal of Diseases of Children 129(4):April, 1978.

Martorell, R.; Yarbrough, C.; Klein, R.E.; and Lechtig, A. "Malnutrition,

170



body size, and skeletal maturation: Interrelationships and implications. for
catch-up growth." Human Biology 51(3):September, 1979.

Moghissi, Kamran S.; Evans, Tommy N. Nutritional impacts in women
throughout life with emphasis on reproduction. Hagerstown, Maryland:
Harper and Row, 1977.

Morss, Elliott R.; Hatch, John K.; Mickelwait, Donald R.; Sweet, Charles
F. Strategies for small farmer development. Colorado: Westview Press,
Inec., 1976.

Mosely, W. Henry, ed. Nutrition and human reproduction. New York:
Plenum Press, 1978.

Nelson, W., ed. Textbook of pediatries. 9th ed. Philadelphia: W.B.
Saunders, 1969.

Pollitt, Ernesto; Gilmore, Michael; Valcarcel, Martha. "Maternal and infant
behaviors regulating early growth." Nutrition in transition: Proceedings,
western hemisphere nutrition Congress V. Chicago: American Medical
Association, 1978.

Robson, John R.K. Malnutrition: Its causation and control. New York:
Gordon and Breach, 1972.

Rubenstein, A. et al. "Effect of improved sanitary facilities on infant
diarrhea in a Hopi village." Public Health Reports 84(13):December, 1969.

Scrimshaw, N.S.; Taylor, C.E.; Gordon, J.E. Interactions of nutrition and
infection. Geneva: World Health Organization, 1968,

Suskind, Robert M., ed. Malnutrition and the immune response. Kroc
Foundation Series. Vol. 7. New York: Raven Press, 1977.

Urrutia, Juan Jose. Corn fortification: A field demonstration model.
Guatemala City: Institute of Nutrition of Central America and Pansma
(INCAP), 1976.

Valverde, Vietor et al. "Relationship between family land availability and
nutritional status." Ecology of Food and Nutrition 6(1):January, 1977,

Waterlow, J.C. "Classification and definition of protein-calorie
malnutrition." Medical Practice 3:September, 1972.

Zeitlin, Marian Frank. “reast-feeding and growth status in two preschool
child populations; reference standards for maximum thigh cirecumference
from 0-5 years; thigh circumference - An age-independent sereening index
for preschool nutrition interventions. Ph.D. dissertation, Massachusetts
Institute ot Technology, 1977.

171



