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HUMAN ENERGY SUPPLEMENTATION AND WORKER PRODUCTIVITY:
A CASE STUDY OF SUGARCANE CUTTERS IN GUATEMALA

ABSTRACT

Economists have assumed that increases in the daily energy

intake of rural workers in developing countries will lead to improve-

ments in worker productivity. The scientific evidence to date is

sketchy and inconclusive, however. It is hypothesized in the

present study that with an increase in total availability of energy,

both daily energy intake and daily energy expenditure of rural

workers will increase under present conditions. A second hypothesis

states that a significant increase in daily energy expenditure will

result in improved worker productivity through an increase in total

daily work time, and/or an increase in work intensity per unit of

time.

Two groups of resident sugarcane cutters on a plantation

located in the coastal lowlands of Guatemala were included in the

study. Before an energy supplementation program was introduced,

different measurements were made on worker productivity, energy

expenditure at work, dietary intake, body composition, physical

fitness and socio-demographic variables, as well as environmental

and other variables. These same measurements were continued during

the supplementation phase which lasted 15 months. One group of

workers were offered, free of charge, a high energy supplement, which

provided 550 kcals/day (RES Group). Workers of the other group were

offered a low energy supplement which contained a negligible
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quantity of kilocalories (LES Group). The experiment was carried

out in a double blind fashion. Random assignment of the workers to

either group was not possible which admittedly reduced the internal

validity of the experiment.

The principal findings of the study were as follows. Both

groups were generally well matched prior to the introduction of the

supplementation program, though the RES Group workers may have been

more efficient workers. The level of daily energy intake in both

groups was generally low relative to estimated daily energy require

ments. In comparison with sugarcane cutters from other countries,

the Guatemalan sugarcane cutters generally exhibited low levels of

productivity. Cross-sectional analysis revealed that daily

productivity tends to fall with age among older workers. Younger

workers tend to produce comparatively more output per unit of time

or per unit of energy expenditure than do older workers. Improved

energy intake during the pre-productive phase of the life cycle

appears to be an important form of investment in the human capital

of Guatemalan sugarcane cutters. Daily energy intakes of Guatemalan

sugarcane cutters of all ages are positively correlated with their

daily output.

The supplementation program was generally effective in raising

the daily energy intake level of the RES Group workers, net of the

effects of extraneous factors on daily energy intake. Little

substitution of supplement energy for home energy intake appears to

have taken place in the RES Group. Workers of both groups generally

maintained energy balance during supplementation, and small changes
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in body weight were unrelated to changes in daily energy intake. It

appears thus that the HES Group workers generally increased their

level of daily energy expenditure during supplementation.

No positive and consistent energy suppl~mentation effect on the

daily productivity of the HES Group workers could be demonstrated.

Some evidence suggests that a slight supplementation effect on the

daily productivity of older HES Group workers may have been present.

Older workers generally tended to be on lower daily energy intakes

prior to supplementation. Significant evidence was produced which

suggests that a powerful rival hypothesis is provided by the possible

presence of an interactive effect of selection and history: both

groups may not equally have been exposed over time to factors which

significantly affect the productivity of the workers. Among these

factors are included different physical aspects of canefields and

their yields per unit of land, and certain work management pract~ces

related to the mill capacity available to process sugarcane from

the study plantation.

It is concluded that the evidence generally supports the

hypothesis that present levels of daily energy intake of the rural

work force in developing countries place an effective limit on the

level of daily energy expenditure. However, increased daily energy

expenditure by the rural work force may not necessarily be expected

to lead to increased worker productivity under existing conditions.
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CHAPTER 1

Introduction

This study deals with the relationship between nutrition and

worker productivity in developing countries. The topic is not

without its controversy. The scientific evidence about the nature

of the relationship is sketchy and inconclusive. It also appears

that, in a broader sense, there is no concensus as to what the role

of nutrition should be in the economic development process. It is

generally agreed that improved standards of living for all popula

tion groups are a major objective of all development strategies

and thus, improved nutrition must be a major outcome of the develop

ment process. Disagreement exists as to what the role of nutrition

programs should be in fostering socio-economic development.

Present development strategies place a major emphasis on

creating new employment opportunities for the rural and urban poor

in developing countries. Increased employment for the low income

classes is seen as a means for these classes to share more effec

tively in the benefits from economic growth (Mellor, 1973). It is

also argued that employment creation which occurs as a result of

normal economic growth is not sufficient t~ absorb effectively the

rapid expansion in the population of working age which results from

the high rates of population growth prevailing in most developing

countries.

The proposition that improved nutrition naturally accompanies

economic growth must be questioned. This may be true in the long
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run, as evidenced by the generally positive relationship between per

capita income levels and levels of per capita daily intake of

energy, protein and other nutrients, across countries at different

stages of socio-economic development. But in the short run,

nutritional improvements that directly result from increased income

levels are often not as great as may be expected. As Berg (1973) has

indicated, much depends on: (a) the rate of increase in real

national income relative to the rate of population growth, (b) the

distribution among different income classes of increases in real

national income, (c) the income elasticity of family food budgets,

especially among the low income groups, (d) food habits and beliefs,

and (e) intra-family food distribution practices. Reut1inger and

Se10wsky (1976) concluded that "malnutrition is unlikely to disappear

in the normal course of development: that is, in the course of

normal per capita income growth, even with greater emphasis on

expansion of food production..• " (p. 7). Thus, large scale nutrition

intervention programs may need to be part of development strategies

if nutritional improvements are to result in the short run from

socio-economic development. Strong arguments in favor of an

effective integration of health, nutrition and family planning

strategies have also been advanced, largely because of the syner

gistic relationships that exist between disease state, nutritional

status and rates of population growth (Johnston and Meyer, 1977;

Latham, 1975; Taylor, 1973).

Development strategies which aim at accelerating the rate of

employment expansion, especially in rural areas, include: multiple
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cropping systems (Oshima, 1967), labor-intensive rural works

programs (roads, electrification works, irrigation works, etc.), and

small-scale rural industries (Lele and Mellor, 1972). Other strate

gies, which probably are more applicable to Latin America and Africa,

include: drastic changes in the land tenure system, and progressive

land taxation to promote more intensive use of the available land

(Mellor, 1966). We shall not dwell here on the political and

economic feasibility of these strategies given the present political

and social conditions in most developing countries, though serious

questions must be raised in this respect. More important for our

purposes is the fact that all of these strategies involve an

increase in the total nutritional requirements of the rural work

force. This is especially true for human energy requirements,

because: (a) at low levels of development, human energy requirements

of production processes are high relative to machine energy require

ments, and (b) the available energy in humans is singly the most

important determinant of their capacity to perform physical work for

prolonged periods of time.

Oshima (1967) suggested that the seasons of low activity in

agriculture were needed for workers to recuperate nutritionally from

the peak seasons of activity when workers may be in negative energy

balance. If, or where, this argument holds, the employment-creating

capacity of different rural development strategies may be constrained

on two accounts. First, the new employment opportunities must be

seasonal to offset low employment opportunities during the slack

periods of the agricultural cycle. The question is whether public
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works projects or rural industries can operate efficiently when the

work, or production, must be interrupted for prolonged periods of

time because of shortages of labor during the peak seasons of the

agricultural cycle. Secondly, daily energy intake during the off

seasons must be very high in order to cover the increased energy

requirements due to higher activity levels associated with the non

agricultural employment, and to restore body energy stores in

preparation for the next peak season.

The present state of deficits in the per capita energy intake

levels of developing countries has recently been highlighted again

(Reutlinger and Selowsky, 1976). Such highly aggregated parameters

are poor indicators of national, regional and local disparities in

nutritional intake. Nor do they indicate which population groups

are nutritionally most vulnerable. The current practice of establish

ing age- and sex-specific daily energy requirements based upon

present activity levels and patterns, ignores the question of

optimal daily energy requirements. Nevertheless, the available data

suggest that low levels of daily energy intake, in absolute terms

and relative to published daily energy requirements, prevail in many

parts of the developing world.

It would appear that several questions can appropriately be

raised. First, do present levels of daily energy intake of the rural

work force in developing countries place an effective limit on the

level of daily energy expenditure? Under what conditions mayan

increase in available energy be expected to result in increased

energy expenditure at work, i.e. in improved worker productivity?



5

Under conditions of expanding employment opportunities would present

levels of daily energy intake of the rural work force become a

serious bottleneck? The present study basically deals with the first

two questions. As the title of the present report indicates, this

is a case study and the generalizations that will be possible from

the results will be few. At best we shall be able to indicate

whether the results allow us to answer these questions in the

affirmative or not for sugarcane cutters in Guatemala.

It may be argued that investing scarce resources in improving

the nutritional status of workers has a poor social pay-off in labor

surplus economies, and has an end result which is contrary to the

objectives of the employment-creating development strategies. By

improving the nutritional status of workers, and so their produc

tivity, it is argued, merely greater under- and un-employment

results. This may lead, in turn, to a re-distribution of income and

wealth in favor of the upper-income classes. Some of the crucial

assumptions of this position deserve closer examination.

Whether the improved nutritional status of the workers will

actually lead to an increase in their productivity has not yet been

shown conclusively, as we shall see later on. Much of the evidence

to date was obtained under highly experimental conditions, and by

means of field studies with poor research designs. Thus, these

studies do not allow us to make inferences about cause and effect,

and ignore the fact that worker productivity is a measurable outcome

of a complex set of interrelationships which are biological,

psychological, cultural and socio-economic in nature. Direct
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extrapolation to worker productivity of results which indicate that

improved nutritional intakes increase the physical capacity of

workers to perform work under highly artificial conditions, fails to

recognize these complex interrelationships.

Berg (1973) has eloquently argued that improved worker produc

tivity in developing countries may not necessarily aggravate the un

and under-employment problem. We shall detail some of his arguments

later. But even Mellor (1973) acknowledged that under conditions of

rapidly expanding employment opportunities, the nutritional status

of the workers may become a limiting factor. Probably, a distinc

tion must be made between the effect of better nutrition on the

productivity of salaried employees versus self-employed workers, such

as family labor on small farms, because of basic differences which

may exist in: (a) demand conditions for labor services and thus,

economic incentives for labor productivity improvements, and

(b) technological conditions and production techniques. "Productivity"

should be defined in a broad sense to include productivity in all

activities, not just in work activities~ A worker who becomes more

productive in after work activities through the more effective use

of leisure time or increased participation in community affairs,

produces important economic benefits for himself, his family and for

society as a whole.

It is usually assumed that the improved nutritional status of

the present work force will affect its productivity in several ways.

Better nourished workers are able to work longer hours each day.

This may especially be true if the nutritional improvement consists
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of higher energy intake. Better nourished workers may also be able

to work with greater intensity per unit of time, and they are better

able to resist infectious diseases (Latham, 1975), thus reducing

the incidence of morbidity and absenteeism. The improvement in their

nutritional status may also allow workers to shift to better paying

jobs if these jobs require greater physical or mental effort.

Higher worker motivation may also result from improved nutrition

which may lead to higher quality of work performance. Nutritional

improvements during the pre-productive stage of the life cycle may

also affect future productivity, principally in two ways. Improved

childhood nutrition may affect certain body dimensions (such as

height) once adulthood is reached, and in certain types of work

these body dimensions may affect worker productivity. Improved

nutrition in pre-school- and school-age children is also associated

with improved mental development and performance later in life

(Latham, 1974).

Nutritional improvements, at least potentially, may be expected

to increase the number of manhours of labor supplied and the marginal

productivity of labor, i.e. output per manhour of work. Individually,

better nourished workers may actually decrease the number of manhours

of work they supply if the income effect associated with the increase

in their marginal productivity (and earnings) outweighs the

substitution effect of work for leisure time. However, in the

aggregate the labor supply function may be expected to be positively

sloped in the relevant range. Assuming then that nutritional improve

ments take place in small groups of workers and that competitive
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conditions prevail in the relevant labor market, an increase in the

number of manhours worked may be expected. This increase may come

from: (a) workers who were already in the work force before their

nutritional status was improved, and (b) workers who newly joined

the work force and whose nutritional status prior to the improvement

in their nutritional intake effectively prevented them from under

taking any work.

We return now to the issue which states that improvements in the

nutritional status of the workers in labor surplus economies will

merely aggravate the under- and un-employment situation, and will

reduce labor's share in national income, both in absolute and in

relative terms. This argument is obviously only relevant if the

nutritional status of large segments of the national work force is

affected. The increase in labor supply of better nourished workers

will result in a decrease in labor income only if the demand function

for labor is inelastic in the relevant range. This, however, is

certainly unlikely for the economy as a whole. It can also be

argued that the marginal productivity of better nourished workers

may fall, assuming that other inputs, such as land and capital,

remain fixed. This may be true in the short run, and where already

high man-land ratios exist, such as in Southeast Asia. But in most

parts of Africa and Latin America expansion in cultivated land areas

are clearly possible, both in subsistence agriculture, and in the

commercial farming sector. As Berg (1973) has pointed out, there is

probably a limit to which production problems resulting from the low

working capacity of workers can be remedied by adding more workers
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with the same low capacity because of fixed factor proportions in

production processes. Thus, improving the physical capacity of the

workers may lead to better work performance, and higher quality of

work performed, and not necessarily to displacement of workers.

In the long run, the improvements in working capacity may make

the implementation of labor-absorbing production techniques more

feasible. In the absence of improvements in the inherent work

capacity of workers in developing countries, more and more labor

displacing production techniques may be adopted, even where surplus

labor exists. Also, the qualitative aspects of the work force

become increasingly important as more complex technologies and

greater needs for decision-making and organizational talents, call

for better mental performance, higher skill levels and higher levels

of motivation (Berg, 1973). Improving the nutritional status of the

present, and future, work force in order to achieve increased mental

capabilities cannot be characterized as leading to increased

unemployment.

Much of the un- and under-employment in rural areas of develop

ing countries is highly seasonal, with severe labor shortages during

various peak seasons of the agricultural cycle. In urban areas overt

unemployment is often higher among the highly trained and educated

segments of the work force. Highly trained workers do not normally

compete with unskilled workers for the same jobs, and the high

unemployment rate among highly skilled workers does not affect the

economic feasibility of improving the working capacity of unskilled

labor.
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The proposition that increased working capacity of workers in

labor surplus economies necessarily leads to greater un- and under

employment, cannot be accepted on a prima facie basis. We shall

presently review the results of a few field studies which were under

taken to determine the impact of changes in nutritional intake on

working capacity and productivity. The research designs of these

studies were often so deficient that no inferences about cause and

effect could safely be drawn. Other evidence, which is often cited,

was obtained in a peripheral and unscientific manner. We shall

concentrate on studies which specifically dealt with the relation

ships of energy intake to working capacity and productivity.

Many of the earlier statements about the positive effect of

increased energy intake on worker productivity were based upon:

(a) some data obtained on coal miners, railroad workers and steel

mill workers during World War II in Germany (Kraut and MUller, 1946;

Keller and Kraut, 1961); (b) laboratory evidence obtained during the

so-called Minnesota Starvation Studies (Keys et al., 1950); and

(c) some evidence based upon the observed effect on worker produc

tivity of worker feeding programs, both in industrialized and

developing countries (U.N. FAa, 1962). It was shown that mean daily

production of the German workers fluctuated over time with changes in

daily energy intake. However, the data that were presented only

suggest a general tendency, and no strong positive correlation was

apparent. The psychological impact on worker productivity of the

food rations, with which daily energy intake was manipulated over

time, was not evaluated. The absence of a rigid controlled experi-
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mental design made these results only suggestive of a positive

relationship between daily energy intake and worker productivity.

Studies undertaken by Keys and co-workers during the 1940's showed

a marked reduction in physical fitness and activity-level, along with

substantial decreases in body weight, of male subjects who for a

period of 24 weeks were put on a semi-starvation intake of energy.

During the l2-week rehabilitation period, physical fitness and

activity-levels improved. These studies which show an effect of an

acute decrease or increase in daily energy intake, have a limited

applicability. They do not provide evidence of what the effect of

chronically low energy intake on activity-levels may be expected to

be. During the semi-starvation period, an increase in apathy and

listlessness was observed, and general morale suffered. The

motivational effect on the activity-levels, and on the performance

levels on physical fitness tests, is difficult to separate from the

effect of reduced energy intake. For example, the proportional

reduction in activity-levels was far greater than the proportional

reduction in body weight.

The evidence of the beneficial effect on worker productivity

from worker feeding programs was obtained peripherally, and not as

part of scientifically designed studies. Among road builders in

Costa Rica in the 1940's, worker productivity, measured as cubic

meters moved per manday, seemed to have increased substantially,

after the employer: (a) changed the work force to include a higher

proportion of Costa Rican laborers; (b) changed the organization of

the work camps; (c) improved sani~ary conditions; and (d) started to
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provide workers with large meals. Under these circumstances,

inferences about the effect of the increased energy intake of

workers on their productivity are impossible. In other situations,

qualitative evaluations by employers of the effect on worker

productivity (absenteeism, worker morale, rate of industrial acci

dents, output per unit of time, etc.) of feeding programs were-relied

upon.

Heywood (1974) extensively reviewed a number of other studies

related to nutrition, physical working capacity and worker produc

tivity. We shall limit our comments here to a few of those studies,

plus to a few additional studies that were completed since Heywood's

report. In choosing the most relevant studies, we relied upon three

criteria: (a) they were conducted in Guatemala (where the present

study took place), (b) they dealt with sugarcane cutters (who were

also the subjects of the present study), or (c) they dealt with the

evaluation of energy supplementation of rural workers in developing

countries (which is also the topic of the present study).

During the latter part of the 1960's, several studies including

a field study, were undertaken by Viteri and co-workers (Viceri,

1971) in Guatemala. The part of these studies most relevant for our

purposes, involved two small groups of agricultural workers. One

group had received, during a three-year period prior to the study,

a protein energy supplement daily which provided 250 calories (and

5.5 grams of high quality protein). A second group of agricultural

workers with daily work activities similar to the first group, served

as the control-group. The experimental design (Static-Group
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Comparison design; Campbell and Stanley, 1966) called for a cross

sectional comparison of the two groups. It was found that the mean

daily energy intake of the supplemented group exceeded by ± 750 cals.

the intake level of the control group. Daily protein intake levels

were adequate in both groups, but the control group showed deficien

cies of vitamin A and riboflavin in their daily diet. The supple

mented group generally weighed more, were somewhat taller, and had

more lean body mass, muscle mass and adipose tissue. The control

group was also found to be less physically fit, as determined by

maximal aerobic power, but this difference can be ascribed to the

difference in body composition. Both groups had on the average the

same basal metabolic energy requirement, and the energy cost of

different work activities was also found to be the same for both

groups. Time-motion studies revealed that the supplemented group

spent a significantly larger portion of the day in activity, and was

able to perform standard work tasks in significantly less time. Under

the artificial conditions of some of the field tests, the estimated

daily energy expenditure for both groups was similar, though lower

for the control group, which, however, lost considerable weight as

compared to the supplemented group.

From the results of this study, Viteri concluded that long-run

increases in the protein-energy intake of chronically suboptimally

nourished agricultural workers can be expected to have beneficial

effects in terms of body composition, physical working capacity, and

work output. He conditions this by stating that no restrictions must

be placed on the workers' activity-levels, otherwise the increased
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intake results in obesity. The internal validity of the experimental

design of the study was weak, which introduced many rival hypotheses.

For example, the ex-post matching of the two groups raises the

question whether the two groups would have been equivalent without

the supplementation program. Most likely not. Nevertheless, the

results seem to suggest that current energy intake, as well as body

energy stores, may be important determinants of worker productivity

in energy-demanding work.

Several studies have been undertaken with sugarcane workers in

different countries. The studies we shall report on here, focused on

the physiological aspects of worker productivity. In a later chapter,

for purposes of comparison, some of the data from these studies are

presented. Morrison and Blake (1974) report on a study in which the

mechanical efficiency of a small sample of Australian cutters is

compared to that of a large sample of Rhodesian cutters. The two

groups differed significantly in body composition, maximal acrobic

power and in level of daily work output, with the Australians being

superior in all three parameters. Maximal aerobic power per kg of

body weight was not significantly different between the two groups,

and the superior level of productivity of the Australian cutters

seemed due to: (a) different work techniques, (b) a better designed

knife, and (c) a more upright stance when cutting. No data were

available regarding the levels of daily energy intake of the two groups,

and no attempt was made to relate the differences in body composition

to differences in worker productivity. This study, while having
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limited applicability for our purposes, does point out one impor

tant consideration. Though cutting sugarcane is a highly labor

intensive activity, worker productivity is not only determined by the

physical capacity of the workers.

Attempts to relate body composition and maximal aerobic powers

to levels of worker productivity of sugarcane cutters have been made

in Tanzania (Davies, 1973), and in Colombia (Spurr et al., 1975;

Spurr et al., 1977). In the East African study, a group of seventy

eight cutters was divided into four subsamples. Three subsamples

contained only workers between the ages of 18 and 34, and were

classified as "high," "medium," and "low" producers. A fourth sub

sample contained only workers between the ages of 35 and 50.

Comparing the high producers and the low producers, it is found that

the former weighed more, were slightly taller, and had more lean

body mass and higher estimates of maximal aerobic power. However,

maximal aerobic power, standardized for body weight, was less

significantly different. The high producers appeared to spend less

time to produce a given output, and were less absent voluntarily

from the canefields, as compared to the low producers. Maximal

aerobic power was positively correlated with daily productivity, but

so were body weight and lean body mass, especially in the younger

workers. Similar results were obtained among the Colombian workers,

who were also divided into three groups depending on their level of

daily productivity. Maximal aerobic power was significantly

correlated with daily productivity, even after being standardized
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for height, body weight, and body surface. In a regression analysis,

maximal aerobic power, height and percent body fat explained

approximately 69 percent of the variation in daily productivity.

Interestingly, percent body fat appeared negatively correlated with

productivity. This finding seems to downgrade the importance of

energy stores as a determinant of daily worker productivity. More

importantly, substantially increased energy stores may have a

negative effect on productivity levels, possibly by impeding physical

movement.

The results of these studies suggest that improvements in

worker productivity in cane cutting may be obtained through improve

ments in body composition and physical working capacity. However,

it is dangerous to make inferences about longitudinal phenomena from

cross-sectional data. Certainly, the apparent associations do not

permit inferences about cause and effect. A number of studies have

been undertaken to evaluate longitudinally the effect of energy

supplementation on worker productivity. These studies suffer from

either one of two, or both, shortcomings: (a) no effective control

group was available for the supplemented group, and (b) the period of

supplementation was very short. Some illustrations follow. In one

study in India, a group of 20 agricultural workers with mean energy

intake level of 2500-2800 kcals/day was divided into two subsamples

of 10 workers each (Belavady, 1966). The daily energy intake of one

subsample was maintained at 3000 kcals/day, that of the second sub

sample at 2400 kcals/day, during two periods of 90 and 112 days,
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respectively. Both groups were given similar work to do during

these experimental periods, but during the second period the work

allotment was doubled. The work essentially consisted of all tasks

involved in cultivation and harvesting of rice. Total daily work

time, total daily work output, and work performed per hour in each

separate task were used as indices of worker productivity. No

significant differences in the mean values of these indices for the

two groups were found in either experimental period. However, the

samll sub-sample sizes make the interpretation of the analysis more

complicated, especially in view of the considerable variability

around each one of the means. Both groups gained weight, but this

was generally more true for the high-energy intake group. The

author suggests that the experimental periods may not have been

sufficiently long in order to register an effect, and that the energy

expenditure level of the high-energy intake group during non-working

hours may have increased, since the difference in weight gain

between the two groups was not as great as may have been expected

from the difference in their daily energy intakes.

During the 1973 sugarcane harvesting season in Jamaica a study

was initiated by Heywood (1974) on two sugarcane plantations. The

aim was to introduce during the second part of the harvesting season,

which normally lasts about six months, two different energy supple

mentation programs for cane cutters. Only one program was finally

implemented. Thus, in reviewing some of the results, we shall

concentrate on the findings that pertain to the cutters from the

plantation where the program was successfully implemented. It cannot
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be said, nor is it implied by Heywood, that the workers from the

plantation where the implementation of the program failed, served

as an effective control group. The internal validity of the experi

mental design appears weak, and the experimental period was rather

short. The supplement consisted of a drink which contained sugar,

molasses and orange juice, and which provided approximately 700 kcals.

The drink was distributed by the foremen of the workers, and apparently

no record was kept of the actual supplement intake. The workers

participating in the study made up two gangs of unequal size. The

mean productivity level of the two gangs was significantly different,

which Heywood attributed to differences in the work allotments to

the two groups. A significant "weight for height-effect" was also

identified, especially between workers who had weights for height

below 85% of the standard, and those who had weights for height

above 95% of the standard. The correlation between worker produc

tivity and weight for height for all workers was significant, but

low (r = .28), and the same correlations for each gang separately

were quite different. Heywood interpreted the "weight for height

effect" to be indicative of the effect of energy stores and of

maximal aerobic power on worker productivity. As we have seen, the

evidence from other studies, does not necessarily support this

interpretation.

Worker productivity increased during the experimental period in

this study. However, the available data, and the study's experimental

design, do not allow the increased level of worker productivity to be

attributed to the energy supplementation program. The mean daily
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energy intake of a subsample of workers during the experimental

period was more or less unchanged as compared to during the pre-

supplementation period. Half of the workers in the subsample

decreased, and the other half increased their daily energy intake

between the two periods. Changes in productivity were unrelated to

changes in daily energy intake. Heywood attributed the increase in

worker productivity to the effect of time, and in the absence of an

effective control group, no other explanation seems plausible.

During the experimental period, the capacity of the cane processing

mill for processing the plantation's sugarcane increased as cane

deliveries from other growers diminished. Thus, production condi-

tions and work availability during the experimental period were quite

different from those during the pre-supplementation period. l

Interestingly, the workers maintained more or less their body weights

during the experimental period. This seems to indicate that their

after-work energy expenditure must have decreased, in view of the

fact that the workers' daily energy intake remained essentially

unchanged. An understanding of the iteractive effects of the supply

of energy to work, and to non-work activities is essential for the

understanding of the relationship of daily energy intake and worker

productivity.

lThis author has benefitted a great deal from Dr. Heywood's study,
even though the present study had already been initiated before
Dr. Heywood's dissertation report became available. In designing
some of the statistical analysis, however, this author was guided
by Dr. Heywood's interpretation of his results.
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Lastly, we want to report the results of a recent study under-

taken with road workers in Kenya (Latham and Brooks, 1977). Workers

involved in rural road building projects using highly labor-intensive

methods in two districts, were included in the study. Almost half

of the workers had weights for height at below 85% of the standard.

Daily energy intake ranged from 68 to 94 percent of the recommended

daily allowance for energy at different work-sites. The dietary intake

of the workers was also deficient in various nutrients, and parasitic

infections were found among a high percent of all workers. A

significant association was found between percent weight for height

and worker productivity: workers with low weight for height took more

time to complete standard work tasks. At several work sites, groups

of workers were divided into test- and control groups, which were

partially matched (though the authors do not indicate how). The

test-groups received a supplement which contained 700 kcals, either

in the form of a lemon-flavored drink, or of a thin cooked maize gruel.

Placebos were given to the control groups in the same form, but

sweetened with saccharin, instead of sugar. Unfortunately, the

experimental period lasted only 3-4 weeks, which, as the authors

acknowledge, is much too short. During this period, the placebo

groups slightly lost weight on the average, while the high-energy

supplement group gained some. Similar changes in arm circumference

and in tricipital skinfold were observed. No significant difference

between the two groups in the length of time to complete a task

before and during the supplementation program was found. The inter-
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pretation of these results is complicated by the fact that the

researchers decided to change the work organization of these

workers just before the introduction of the supplements. Groups of

men, with similar weight for heights, were assigned a specific

amount of work, and the time to complete the work was recorded. This

may have affected the results of the study in two ways: (a) it

produced a certain artificial work setting, thereby reducing the

external validity of the study; and (b) it may have resulted in a

multiple treatment effect, in that the effect of the supplementation

program cannot be separated from the effect of a change in work

organization. Also, no data are available to show whether the

energy supplementation program was effective in producing a net

increase in the daily energy intake of the high-energy supplement

group.

The major objectives of this review of some of the more relevant

studies were: (a) to demonstrate that the evidence to date does not

permit one to draw definite conclusions about the relationship

between nutrition and worker productivity, and (b) to demonstrate

that field studies which aim at obtaining evidence about the nature

of the nutrition-worker productivity relationship must include complex

experimental designs. It may also have become obvious that the

extrapolation of results obtained in laboratory settings, to "real

world" situations is rather tenuous.

The question of the role of nutrition in socio-economic develop

ment is an important one. Certainly the direct economic returns in
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terms of improved worker productivity that developing countries may

expect from investment in nutrition should be an important justifica

tion for such investment. But it should be realized that investment

in nutrition may produce other beneficial effects, which contribute

towards improving the "quality of life". Some of these effects, such

as improved mental development, are more easily quantified (even

in economic terms) than others (improved motivation, improved social

relationships, greater involvement in community affairs, etc.).

Sound scientific evidence regarding the relationship between

investment in nutrition and some of these effects is also still

scarce today.
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CHAPTER 2

Energy Intake and Worker Productivity: An Economic Framework

A review of the economics literature reveals that the relation

ship between nutrition and worker productivity has not frequently

occupied the minds of economists. The few writers whose works

involved this relationship usually assumed that in developing

countries low levels of nutritional intake restrict the physical

working capacity and productivity of the rural labor force. Most

of these authors cite as evidence the results of experimental

studies (in particular, the studies conducted in Germany during

World War II), some of which were previously reviewed. Leibenstein

(1957) wrote: "the amount of work that the representative laborer

can be expected to perform depends on his energy level, his health,

his vitality, etc. which in turn depend on his consumption level

(which depends on income level) and, most directly, on the nutritive

value of his food intake." Burk and Ezekiel (1967) simply stated:

"lack of food and poor nutrition impair people's labor productiv

ity ••• " More specifically related to the energy intake levels of

rural workers, Oshima (1967) maintained that "in the context of

rural areas of Asia, the insufficiency of calories may take the

form of inadequate work effort after the peak seasons." In a paper

in which they examined the economic consequences of malnutrition,

Levinson and Abbott (1974) suggested that "dietary deficiency in

the adult decreases his physical capacity and in turn decreases his

productivity... " and thus, "if the adult's diet is lacking in
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essential nutrients, the quantity and quality of his output will be

diminished." Correa and Cummins (1970), and Belli (1971) advanced

the hypothesis that productivity during adulthood depends on both

nutritional intake during childhood and during the productive

years. They cited numerous studies which attempted to show that

low levels of nutritional intake during infancy and childhood

1adversely affect mental and physical growth.

Some other authors have gone one step further and have stated

that improved nutrition in the labor force may be expected to result

in increased worker productivity. Mellor (1966) felt that "we do

not know to what extent economic activity is reduced by poor diets."

But, he states, "if human energy is so restricted by malnutrition

as to significantly retard the development process, an increase in

agricultural production and resultant improvements in diets might

in itself have a significant effect in increasing over-all

production" and "in addition, improved diet may have an even greater

effect on human attitudes and aspirations than on purely physical

work capacity." Improved attitudes and aspirations may also have a

positive effect on productivity. In a paper in which he attempted

to estim~te the aggregate economic benefits from elimination of

malnutrition in the U.S., Popkin (1972) stated that "improved nutri-

1Selowsky and Taylor (1973) have attempted to measure the effect of
malnutrition in children on future productivity through the effect
of malnutrition on intelligence. However, their sample of workers
constituted construction laborers in Chile, whose productivity may
be more limited by physical rather than mental ability.
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tion increases the capacity for prolonged physical work, raises the

productivity of workers, and increases the motivation to work."

Becker (1975), in his discussion of productive wage increases as a

form of investment in human capital, seemed to imply that nutri

tional improvements may be expected, under certain conditions, to

result in improved working productivity. He stated that "a better

diet adds strength and stamina, and thus earning capacity." Becker

carefully avoided making any extrapolations from improved physical

capacity to increased productivity, if "earning capacity" referred

to potential productivity. Other authors, however, did not stop at

potential productivity, and extrapolated the positive effect of

improved nutrition all the way to actual (= economic) productivity.

In some economic models, a critical assumption involves the

positive effect of improved nutrition, and specifically, of increased

energy intake, on the productivity of labor in rural areas in

developing countries. We shall examine these models more closely

here because in doing so, we may provide a clearer framework for the

present study. However, we may do well in stating first our major

contentions suggested by the review of the above statements.

1. The evidence, which purportedly demonstrates the negative

effect of low levels of nutrition on worker productivity

in developing countries, does not warrant making any

inferences about cause and effect.

2. A clear distinction needs to be maintained between physical

working capacity and economic productivity, since the

former is only potentially related to the latter.
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3. It is not valid to infer, that if low levels of nutritional

intake adversely affect productivity, that improvements

in nutritional intake will necessarily result in increased

worker productivity.

4. Broad generalizations about the effect of improved

nutrition on worker productivity are not justified and

provide no useful guidance for the efficient allocation of

scarce resources available for the improvement of the

labor productivity of the rural work force in developing

countries.

Thus, the relationship between nutritional improvements in the

rural work force and the positive effect on worker productivity must

be examined as a hypothesis, and cannot be accepted, on an~ priori

basis, as a valid assumption. The relationship needs to be examined

in different economic, social, cultural and political environments.

A distinction needs also to be made between short-run and long-run

effects.

A significant model in the economics literature which involved

specifically energy intake and worker productivity was formulated

by Leibenstein (1957; 1957a) as part of his theory of underemploy

ment in rural areas of developing countries. The model specified

the energy intake-productivity relationship in terms of the wage

productivity relationship for rural workers. It was an effort to

show that through appropriate institutional arrangements, which

create monopsonistic conditions in the rural labor market, employers

can increase their net revenues by employing the whole rural labor
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force, and by paying wages at levels which are above the level of

marginal labor productivity at full employment under competitive

labor market conditions. Some of the basic assumptions of the

model are of particular interest to us here. These assumptions may

be summarized as follows:

a. the amount of work that a worker performs depends on his

level of energy expenditure, his state of health and his

physical capacity; low levels of available energy force

the worker to work few hours a day, and/or to perform

little work per hour;

b. daily energy intake levels are closely associated with

income and wage levels; consequently, at relatively low

levels of wages, the amount of work performed by workers

is low;

c. under those circumstances, an increase in wages will

result in increased energy intake by the workers, and

d. the increase in available energy will result in an increase

in the amount of work performed by the workers.

Leibenstein postulated that the wage-elasticity of productivity

2
could be expected to be greater than one. Thus, up to a point,

2Leibenstein made computations which showed that an average daily
energy intake of 2140 kilocalories by a "typical" rural worker would
support a 4-hour work day. An addition of 320 kilocalories a day
would support an 8-hour work day at the same level of strenuousness
as before. Alternatively, in both cases the worker would work an
8-hour day, but with the additional energy intake he would put forth
a greater work effort per hour. Thus, a 15 percent increase in
energy intake could be expected to result in a hundred percent
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employers' net revenues rise with wage increases. It is to the

employers' interest to collude and to employ all available labor

at a wage rate which is above the wage rate which would prevail at

full employment under competitive labor market conditions. By

employing all available labor, employers can prevent competition

among unemployed workers from driving down the wage rate to competitive

levels. The collective profits under these arrangements would not

be as large as the total profits when each employer maximizes

individually his profits, but would be greater than when wages

equal the marginal value product of labor at full employment under

competitive labor market conditions.

It is important to point out that Leibenstein made a clear

distinction between the supply of labor time and the supply of work

units (units of work effort), a distinction which was maintained in

a later model formulated by Rodgers (1975), which model is briefly

discussed hereafter. In the Leibenstein model, the effect of higher

levels of energy intake by the workers is on the number of work units

supplied. In the short-run, the supply of labor-time (manhours or

mandays) is assumed to remain fixed in the model. It is not quite

clear why this should be so. In fact, Baldwin and Weisbrod (1974),

in their study to determine the effect of parasitic diseases on

worker productivity of a group of rural salaried employees in

increase in productivity, according to these calculations. In
addition, Leibenstein cited evidence from the German war studies
by Kraut and Muller (1946), which showed that a 21 percent increase
in total energy intake resulted in a 50 percent rise in daily
output.
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St. Lucia, specifically hypothesized that under identical conditions,

a healthy worker would supply more labor time than a sick worker.
3

Healthy workers were also hypothesized to have a higher marginal

productivity (output per day worked). Both in the Leibenstein model

and in the Baldwin-Weisbrod model, the (positive) substitution effect

of a wage increase is assumed to outweigh the (negative) income

effect on work effort and labor time supplied. In his review article

dealing with the backward-sloping labor supply functions in African

dual economies, E. J. Berg (1961) concluded that the concept of

target income does not apply to salaried workers who permanently

pertain to the work force of the rural cash economy. However,

Baldwin and Weisbrod did not find strong evidence in support of their

hypotheses. In fact, they found that infected workers, as compared

to non-infected workers, supplied more labor time, which offset

their lower daily earnings so that their weekly earnings were the

same. Without specific knowledge of the work-leisure preference

schedules of the workers, the effect of an increase in the wage-rate

on the supply of work effort, and on the supply of labor time, is

indeterminate.

3Thi s case is quite analogous to studying the effect of different
levels of energy intake on worker productivity. Part of the
ingested energy is' diverted to support the parasites, or in some
cases, the parasitic infestation results in malabsorption of
ingested foods and in fecal losses of energy. Consequently, de
worming of an individual results in an increase in available energy
for activity, ceteris paribus.
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The model discussed by Rodgers (1975) was only a slight variant

of the Leibenstein model. The Rodgers' model retained all of the

critical assumptions of the Leibenstein model~ including the

assumption that "the introduction into the labour market of the

nutrition-productivity relationship implies that not only does

productivity determine the wage~ but that the wage level also

affects productivity." Rodgers attempted to explain why there may

exist a fairly stable constant real wage which is above the minimum

subsistence wage in rural labor markets with pools of unemployed

workers. As did Leibenstein~ Rodgers distinguished between the

supply of work units~ and the supply of labor time. He defined a

minimum wage which will sustain life. At wage levels above this

minimum wage~ the supply of work units is assumed to rise faster

than the supply of lahor time~ up to the point where the "efficiency

elasticity with respect to wages is equal to one." Up to this

point~ the average lahor cost per unit work continuously decreases

with wage increases (i.e. wage-elasticity of productivity greater

than unity)~ and are minimized at this point. The point at which

the average labor cost per unit of work is at a minimum defines the

constant real wage-level~ and the full employment level at that wage.

Employers equate the marginal revenue product of labor with average

costs of work units (not with time wage rates). Reducing the time

wage rate below the constant real wage level when excess labor is

present~ would raise average labor costs per work unit~ and thus

reduce net revenues of the employers.
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The question of the wage-elasticity of productivity being

greater than one deserves further examination. It bears directly on

the employers' incentive to invest in the nutritional status of their

employees through productive wage increases. We shall return to

this issue a little later on. The assumption that an increase in

wages will result in the short-run in significant increases in the

workers' daily energy intake is central to this issue. It is usually

assumed that the income-elasticity of food expenditures is high for

low-income households, following Engel's Law. But a clear distinc

tion must be maintained between the income elasticity of food

expenditures, and the food expenditure-elasticity of energy intake.

Increased food expenditures may merely result in a change in diet

composition which leaves the total energy intake of the household

largely unchanged. A. Berg (1973) argued that the shift in food

purchases may be towards food items with a high social prestige

value which are more highly priced per unit of energy content.

Intra-family food distribution practices in developing countries

are usually thought for cultural reasons to favor the male adults

in the family, however, little concrete evidence exists about these

practices. In some cultures, the extended family system often

means that relatives are attracted to a household unit which has

enjoyed an improvement in its economic conditions. Leibenstein

(1958), in a further comment on his theory, admitted the possibility

of income-sharing by the employed workers with the unemployed

workers.
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Recently developed theories which deal with the allocation of

time between leisure and work by a household as one decision-making

unit (Gronau, 1977; Ghez and Becker, 1975; Becker, 1967), also cast

some doubt on the assumption of the wage-elasticity being greater

than one, at least in the short-run. In these models, the allocation

of time of economically active household members is determined

simultaneously, and the allocation of time of any household member

depends on his (her) marginal productivity in market activities and

on the marginal productivities in market activities of other house

hold members. The interdependence of the labor supply functions of

individual household members has some relevance here. Let us assume

a household in which the level of daily energy intake places a

severe constraint on the level of daily energy expenditure of all

household members. Optimizing behavior would predict that the total

available energy is allocated in such a way that the marginal return

per unit of energy expenditure is the same among all household

members and among all activities. Now, a productive wage increase

is granted to one of the workers in the household. Assuming a

relatively high income-elasticity of energy intake, the productive

wage increase raises the total energy budget of the household. The

new energy budget is re-allocated in such a way until the optimal

condition again holds. First, there is no ~ priori basis which

justifies the assumption that all of the increase in the household

energy budget will go to the household member who received the

productive wage increase. It can be argued that the higher level of
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economic activity of the household as a whole made possible by the

larger energy budget, could produce higher household income which

could further raise the daily energy intake of the worker. Secondly,

under optimal conditions, a new combination of market activities

by all household members results: "new" market activities may be

included, "old" market activities may be excluded, and the time

allocation and work effort in "old" activities may change. Baldwin

and Weisbrod (1974) specifically hypothesized that healthy workers

would be able to undertake occupations, in which the marginal

productivity of labor is higher, but which would be too strenuous

for ill workers. Again, there is no ~ priori reason to believe that

the new set of market activities undertaken by the household

necessarily includes a greater supply of work effort or labor time

in the same job by the household member who received the productive

. 4wage ~ncrease.

In commenting on some of the criticism leveled against his model,

Leibenstein (1958) acknowledged that the full impact of the wage

increases on productivity may not be felt in the "short-run". He

spoke of a "conditioning period", but did not define the length of

this period, which nevertheless is crucial to his overall argument.

4In essence, the argument states that the substitution effect of an
increase in the household's wage income may well outweigh the
income-effect on the household's supply of work effort and labor
time, but this may not necessarily be true for an individual house
hold member in the same job.
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The length of this period has definite repercussions for the incen-

tives to employers to grant productive wage increases, even under

monopsonistic labor market conditions.

Oshima (1958) critically examined Leibenstein's theory and some

of its underlying assumptions. He took issue with the method by

which Leibenstein estimated that the wage-elasticity of productivity

ld b h · 5wou e greater t an un~ty. Oshima questioned whether evidence,

obtained in a highly industrialized setting, which showed a positive

relationship between workers' energy intake and their productivity,

could appropriately be generalized to the rural work force in

developing countries. He further questioned whether, by comparing

average daily energy intake figures and average daily energy

requirement estimates where both are obtained fro~ highly aggregated

data, a valid estimate of the degree of deficiency of energy intake

can be derived. However, Oshima did not explicitly question the

assumption that increased energy intake by rural workers on low

energy intakes would have a positive effect on their productivity.

In fact, his later writings, as already shown, attested to his

belief that~ relationship between energy intake and productivity

existed for rural workers in Asia. But Oshima's argument as it

related to the peak and slack seasons of the agricultural cycle, casts

doubt on the direction of cause and effect. Oshima observed that in

5
See footnote 1 on page 27.
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Asia, self employed agricultural workers greatly increased their

energy intake during peak seasons when their marginal productivity

is high. During slack periods, energy intake is lower and part is

needed to restore energy reserves, so that work effort during these

periods is low as well. Thus, it is not clear whether in the short

run the demand for work effort determines energy intake, or whether

the causal effect runs in the opposite direction. At near starvation

levels, available energy intake probably determines work effort, but

at higher levels daily energy intake could conceivably be determined

by the demand for work effort.

Within the context of the Leibenstein and Rodgers models, the

hypothesized wage-elasticity of productivity was to provide the

incentive to employers to grant productive wage increases. As Becker

(1975) has pointed out, the incentive to employers to grant productive

wage increases depends on (a) the specificness of the productivity

effect, (b) the degree of monopsony power of the employers, and

(c) the length of the labor contract. In the Leibenstein and Rodgers

models, the impact of the wage increase on productivity was thought

to be immediate (or after a certain "conditioning period"). It has

been our argument that this may not be so: (i) the short-run income

elasticity of energy intake may be low, and (ii) the interdependence

of labor supply functions within a household may mean that in the

short-run the energy intake and/or the supply of work effort of the

household member receiving the wage increase do not change. Where

the specific aim of the productive wage increase is to increase
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energy intake, the monopsony power of the employers, and the length

of the labor contract may play less of a role. In adults the increased

energy intake only builds human capital while the higher level of

energy intake is maintained. 6 There are no long-run productivity

effects. Consequently, the increased energy intake by the worker

does not potentially raise the worker's productivity in alternative

employments. If Leibenstein's "conditioning period" is a "long" time

period, the employer's monopsony power and the length of the labor

contract are crucial, because of the delayed productivity effect.

But even with significant monopsony power and arrangements which tie

workers to an employer (as assumed in the Rodgers model), the present

value of the future net revenue stream generated by the productive

wage increases may not compare favorably with the present value of

the additional wage costs, especially if we assume a relatively high

rate of discount. Thus, even if the long-run wage elasticity of

productivity is greater than unity, the short-run outcomes of a

productive wage increase may be such that there exists no real

incentive for employers to grant productive wage increases.

The discussion has attempted to show that there exists a

reasonable doubt as to what the short-run impact on worker produc-

tivity of an increase in the energy intake of rural workers in

developing countries may be expected to be. It is not at all certain

6Except when increased energy intake also results in increased energy
stores, upon which the worker can draw for a short period of time to
maintain his level of productivity while his energy intake falls.
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that a positive effect can be expected in each and every case. It

is not clear how long the "conditioning period" may be, or whether the

impact of increased energy intake on productivity is sufficiently

large to warrant the assumption of a wage-elasticity of productivity

greater than one. It is our contention that, based upon the available

evidence, these issues require further study, and the specific

effects of increased energy intake on worker productivity, and the

time-profile of these effects, require quantification. If the data

do not support the hypotheses, serious questions need to be raised

about the validity of the Leibenstein and Rodgers models in explain-

ing underemployment and wage determination in rural areas of

developing countries. In that case, serious questions need also be

raised as to the economic feasibility of having society invest scarce

resources in improving worker productivity through increased energy

intake, either by means of productive wage increases or through worker

feeding programs.

The experiment which is described in the following pages was an

attempt to test the hypothesis that increased energy intake of rural

workers results in a significant increase in their productivity. It

will become clear that the setting in which the study took place

closely resembled the conditions postulated by the Leibenstein and

7Rodgers models. However, the issue of the short-run income elasticity

7The conditions of the labor market probably more closely resembled
those postulated in the Rodgers model: there was no evidence that
all employers had colluded to employ all available labor. Instead,
the employer of the workers who participated in the study had some
degree of monopsonistic power through arrangements which tied the
workers to the employer, as postulated by Rodgers.
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of energy intake was avoided: the workers were directly offered

additional energy at no cost to them, in the form of an energy

supplement, and thus, productive wage increases were not relied upon

to augment the energy intake of the workers. Still, under the

conditions of the experiment, it was possible for the workers to

"pass on" the additionally available energy to other members of

their family (by reducing their energy intake at home), and/or to
.

"convert" the additionally available energy directly into goods and

services (by reducing the family's total food expenditures).
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CHAPTER 3

Methods

In this chapter we shall examine at some length the methods

employed in the present study. Such a detailed methodological

examination is important for several reasons. First, and foremost, the

study involved an experiment which aimed at showing a cause and

effect. This experiment was performed under "real world" conditions,

i.e. under less than perfect laboratory conditions. Consequently,

the experimental design, and its short-comings, become crucial to the

interpretation of the results. Generally, the less perfect the

experimental design, the greater the number of hypotheses which

rival the main hypothesis. The interpretation of any positive (or

negative) results becomes seriously confounded under these circum

stances. Hence, an evaluation of the experimental design of the

study is called for, in order to identify the inherent weaknesses.

This should be helpful with the interpretation of the results.

Secondly, the data collections methods must be described in some

detail, in order to evaluate the reliability and validity (internal

and external) of the data that were obtained. A low degree of

reliability and validity of the data makes the interpretation of the

results more difficult, and seriously restricts the projection of

the final conclusions to larger population groups.

Thirdly, some description of the research setting is in order so

that the degree to which the results from this study can be applied

on a wider scale can adequately be assessed.
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As was previously discussed, this report deals with two specific

hypotheses related to energy intake and worker productivity. Thus,

the descriptive material and the data analysis which follow, focus on

these hypotheses. Nevertheless, a great deal of data collection and

analysis beyond that which is reported here took place. Specifically,

data were collected for the families of the workers who participated

in the supplementation program. These data included: family dietary

intake, morbidity, household income and expenditure patterns, and

assessment of nutritional status by means of anthropometric measure-

ments. Inclusion of these data was deemed beyond the scope of the

present report, and the presentation of the analysis of these data

will be made in future publications.

The supplementation program was terminated shortly after the

finish of the 1975/6 harvest season (in August 1976). With some

exceptions, the data presented in this report cover the period up till

the end of the 1974/5 harvest season (June 1975). The main reason is

that all the data collected during the period July 1975-August 1976

could not be processed in time in order to be included in the data

1
. 1ana YS1S. Yet it is felt that the data coverage of this report is

sufficient to allow us to draw important conclusions from the results

presented.

1The total data volume that was generated yearly, was enormous and
covered many different data areas. Data processing necessarily
slowed down considerably during the months following the earthquake
in February 1976. Data collection during this period, however, was
not affected, since the study took place in an area which sustained
no damage from the earthquake.
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3.1. General setting of the study: Guatemala

The study took place in Guatemala, in collaboration with some

members of the professional staff from the Biomedical Division2 of the

Institute of Nutrition of Central America and Panama (INCAP), located

in the capitol of Guatemala. The general expertise present at the

Institute, together with the available infra-structure, and the

realization by the collaborators of the significance of the present

study, greatly aided in, and facilitated, the successful implementa

tion of the required field activities.

Guatemala is located in Central America, and borders to the

north and northwest with Mexico, to the east with Belize (formerly

British Honduras) and the Gulf of Honduras, to the south and south

east with Honduras and El Salvador, and to the southwest with the

Pacific Ocean. Its total land area is 108,889 km2 which approximates

that of the State of Louisiana. Guatemala has an interesting topo

graphy which ranges from high mountain ranges and high land plateaus,

to coastal lowlands and tropical jungle areas. Twenty-three

volcanoes, some of which are active, provide spectacular views. The

climates in certain parts of the country are as varied as the topo-

graphy, in terms of both rainfall (May-October), and temperature.

The total population was estimated in 1973 at 5,175,400 persons,

34% of whom live in urban areas (U.N., 1976). The capito~ Guatemala City

had an estimated population of 707,000 in 1973. Other major cities

2Renamed in 1976 to Division of Human Nutrition and Biology.
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include Queza1tenango and Escuint1a, which lie to the northwest and

to the south of the capitol, respectively. The annual increase in

population is around 3%, with a crude birth rate of 42.4/1000, and a

crude death rate of 12.6/1000. Infant mortality is especially high

at 81.2/1000. Life expectancy at birth was estimated during the

period 1963-1965 at approximately 49 years: 48.29 years for males,

and 49.74 years for females (U.N., 1976). In 1970 it was estimated

that 31% of the population was economically active, 62.7% of these

in agriculture (U.N. FAO, 1975).

Real gains in per capita income were made during the period

1970-74, but they were small as indicated by the data presented in

Table 3.1. For example, in 1974, per capita gross domestic product

increased in real terms by 1.7%. The increase in per capita gross

national product was greater (3.2%), which was mainly due to a

substantial increase in imports of goods and services. The Guate

malan economy did not undergo any substantial changes in structure

during the period 1970-74. The largest share of gross domestic

product is generated in the commercial and financial sector, with the

agricultural sector running second. Thus, the agricultural sector,

which absorbs almost two-thirds of the economically active population,

generates only one-third of gross domestic product, pointing to

highly labor-intensive agricultural production processes.

During the 1960's and early part of the 1970's, Guatemala

enjoyed relative internal price stability. However, in 1973 and

1974, the domestic price-level increased substantially. Two factors

are held responsible for this (UN, ECLA, 1976). First, the increases
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Economic Indicators: 1970 1973 1974

A. Gross national product

1. As 1970 prices
($ million) 2,242.5 2,703.3 2,871.8

2. Annual growth rate
(%) 5.8 7.7 6.2

B. Gross domestic product
1. At 1970 factor cost

($ million) 1,778.9 2,163.9 2,268.1
2. Annual growth rate

(%) 6.5 7.6 4.7
3. Per capita ($) 382 418 425
4. By sector of econ.

t' t t aac lVl y:
a. Agriculture 535.8(30.1) 674.7(31.2) 703.9(31.0)
b. Mining &

Manufacturing 261.5(14.7) 319.3(14.8) 335.5(14.8)
c. Construction 38.6(2.2) 54.9(2.5) 57.5(2.5)
d. Basic services

(utilities,
transport &
communications) 78.6(4.4) 105.3(4.9) 112.1(4.9)

e. Other services/
commerce &
finance, real
estate, and
miscellaneous) 739.4(41.6) 866.4(40.0) 902.2(39.8)

f. Government 125.0(7.0) 143.3(6.6) 156.9(6.9)
g. Total 1,778.9(100) 2,163.9(100) 2,268.1(100)

C. Cost of living (Guatemala City)
1. Cost of living index 100.0 114.4 130.3
2. Food cost index 100.0 117.1

D. Foreign sector
1. Imports of goods

& services
a. As 1970 prices

($ million) 338.5 382.2 441.7
b. Annual growth rate

(%) 2.0 8.6 15.6



Tabel 3.1. (Continued) Guatemala:
National Economic Indicators, 1970-74
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Economic Indicators: 1970 1973 1974

2. Exports of goods
& services
a. As 1970 prices

($ million) 353.6 425.0 447.1
b. Annual growth

rate (%) 2.8 13.6 5.2

aln $ million, and the percentage share of GDP in brackets.

Sources: U. N. ECLA, 1976; U. N. FAO, 1975.
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of the import prices of raw materials, especially of petroleum and

petroleum products led to domestic price increases in goods manu-

factured in Guatemala. Secondly, higher prices in the international

markets for some of Guatemala's major export items (sugar, meat,

cotton, wood, and some manufactured goods) led to increases in

exports of those goods, resulting in pressures on their domestic

prices. The substantial surplus on the trade balance in 1973, was

virtually eliminated in 1974, resulting in a substantial deficit on

the current account of the balance of payments.

The agricultural sector can be divided into a small-scale, sub-

sistence agriculture sub-sector, and a large-scale, commercial

agriculture sub-sector. Corn (maize), beans (black), wheat,

vegetables and fruits are the agricultural products produced by the

former sub-sector, for both home consumption and cash income.

Production methods are primitive, and small land holdings with low

yields per hectare are characteristic (Fletcher et a1., 1970).--
Production of agricultural products for exports takes place in

the large-scale ~ommercial agricultural sector, most of it on large

landholdings, with parts of the production process mechanized. The

major products are coffee, cotton, bananas, fresh meat (beef), and

some poultry and sugar (see Table 3.3). During the period 1972-1974,

total agricultural production increased by 6% a year, with most of

the increase coming from increased production of export crops. On a

per capita basis, though, little growth of the agricultural sector

was seen during this period (Table 3.2).



Table 3.2

Guatemala: Indices of Agricultural Production,
1972-1974 (1961-65 = 100)
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1972 1973 1974

Total agricultural production 143 149 155

Per capita agricultural production 111 112 114

Sugar:

Total production 156 166 202

Yield (per ha.) 120 119 118

Area harvested 131 141 172

Source: u. N. FAD, 1975



Table 3.3

Guatemala: Major Agricultural Exports, 1971-1974

At current prices ($000,000) At 1970 prices ($000,000)
Agricultural product: 1971 1972 1973 1974 1971 1972 1973 1974

Coffee 96.3 105.3 145.6 163.3 105.8 120.2 121.4 125.2
Cotton 26.0 40.9 46.6 65.5 26.2 40.0 39.9 47.3
Bananas 14.5 17.2 24.7 28.8 15.9 18.3 16.0 18.7
Fresh meat 17.4 18.0 25.1 29.6 17.0 16.1 18.1 18.1
Sugar 9.9 16.1 21.9 56.1 10.7 14.6 20.1 22.4

Export prices (1970=100): 1971 1972 1973 1974

Sugar (free market) 121.0 196.5 256.0 547.1
Sugar (exports to the U.S.) 105.6 112.4 127.5 365.5

Source: U. N. ECLA, 1976

~
........
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Concentrating on Guatemala's sugar industry, we note that espe-

cially in 1974 sugar production increased substantially, and reached

a level that is twice that of the period 1961-65. Most of the

production increase was due to a considerable expansion in land area

under cultivation, as average yields per hectare remained unchanged

3(Table 3.2). This expansion in land area cultivated reflected the

sugarcane growers' responses to the enormous increase (current as well

as anticipated) in export prices of sugar, both on the free inter-

national market, as well as of exports to the U.S. The value of

sugar exports increased more than two and a half-fold between 1973

and 1974, with most of the increase due to the increase in export

prices. The relatively moderate irrcrease in the amount of sugar

exports reflects the fact that the U.S. constitutes the major export

market for Guatemalan sugar, and imposes import quantum quotas for

each sugar exporting country. With the U.S. import quotas fixed and

with increased competition on the international free market, inter-

national prices of sugar started to decline during the second half of

1975. These changes in the international market deeply affected the

3Most of the expansion in land area came from the conversion of lands
previously planted in cotton (and some in coffee). Cotton growing is
a risky undertaking, and requires repeated applications of pesticides
during the maturation period. With the scarcity of petroleum pro
ducts during the period 1973-74, the costs of production of growing
cotton increased substantially. And even though the export prices
of cotton also increased during this period, the conversion from
cotton to sugarcane was an economically feasible proposition for
many cotton growers. Cotton plantations are located side by side
with sugarcane plantations, and the average maturation period for
sugarcane in Guatemala is 12 months.
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sugar industry in Guatemala, and also the results that we obtained in

the present study, as we shall discuss later on.

3.2. Experimental Design

3.2.1. Sample Selection

In the spring of 1973 an intensive site search was initiated

after having specified a number of criteria to be used in the identi

fication of a suitable study site. Basically, the task was to find

two groups of workers who were similar in many different aspects.

The main criteria that were used may be stated as follows:

a. Both groups generally had to be engaged in energy-demanding,

non-mechanized work all year around. Their work-activities

pattern had to be the same, and representative of the work

activities of a significant proportion of the Guatemalan

labor force. This way, any conclusions from the study could

be projected on a larger scale.

b. Workers from both groups had to be permanently employed.

And both groups had to be characterized by low labor turn

over rates, to allow a long-run evaluation of the impact of

the intervention, and to reduce the rate of attrition in

both groups.

c. Both groups had to be subject to the same economic incentives.

Differences in the economic remuneration system may trigger

in itself a differential response in each group to the inter

vention, thereby seriously confounding the interpretation

of the results of the study.
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d. Both groups had to be subject to the same managerial super

vision and work organization, for the same reason as given

under c.

e. Workers from both groups had to live under similar climatic

and environmental conditions, but inter-action between the

two groups had to be at a minimum.

f. For logistical reasons, it was necessary that the study-site(s)

be accessible all year around, that reliable work records be

available, and that a mutually cooperative relationship could

be established between the project staff, and the employer(s)

and the workers.

The first criterion meant that we had to look for worker groups

engaged in agricultural activities. A relatively high proportion of

the Guatemalan labor force is engaged in agricultural activities, and

a substantial percentage of Guatemala's gross domestic product is

generated in the agricultural sector. Agricultural methods and

practices can easily be characterized as being highly labor-intensive.

We would be more likely to find groups with more or less standardized

work-activities among salaried workers than among self-employed workers.

The former could also be expected to be engaged in the same work

activities for longer periods of time during the agricultural cycle,

and to be subject to a standard economic remunerative system. Ideally,

the workers from both groups would be working for the same employer,

but the two groups should be kept physically separated during work as

well as after work. This militated against choosing two groups of

workers from the same community.
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After several field trips, it was decided that sugarcane harvest-

ing generally satisfied the important criteria. Sugarcane growing

and harvesting usually is a large-scale operation with the work per-

formed by salaried employees. Many sugarcane plantations have a

permanent, resident labor force. Sugarcane harvesting is (human) energy-

demanding, non-mechanized work.

Our search then centered on finding two communities on the same

sugarcane plantation. After an initial screening of sugarcane

plantations, several additional field trips were undertaken to obtain

some basic data about dietary intake and habits, nutritional deficien-

cies, work organizations and characteristics, and to investigate the

availability and reliability of work records. Two small communities

located within a privately-owned and operated, sugar producing, agro-

industrial complex in the coastal lowlands of Guatemala were finally

4chosen. These communities are described in greater detail below.

The principal work activity of the adult males in both communi-

ties is sugarcane harvesting and canefield maintenance. A more

detailed description of the work characteristics follows. It was

decided that all permanently employed, male workers in each community

would be included in the study. This rendered a total sample of 158

workers, 63 from one community ("Community Oneil) and 95 from the

4At the request of Company officials, the actual names of the
communities are not revealed. Thus, our description of the communi
ties and their location has to be necessarily general and vague.
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other ("Community Two"). At the time of the initiation of the

supplementation program, "Community Two" workers were randomly

designated as the test- (or high energy supplement = HES) group. The

"Community One" workers thus became the control- (or low energy

supplement + LES) group. Random assignment of the total sample to

either the HES or LES Group was not possible because of strong

within-community inter-action between the workers.

3.2.1.1. Community Descriptions

The plantation is located in the tropical lowlands of Guatemala

which have a climate characterized by a distinct wet season (May

October) and a dry season, high levels of humidity and high tempera

tures: daily highs during the hottest part of the year (March) are

in the range of 90-l00oF (32-38oC). Different sections of the

plantation are located at different levels of elevation, ranging from

1200 to 2500 feet above sea-level.

The two communities are located about 1.3 miles (2 kms.) from

each other, yet little inter-action between the two communities exists.

"Community One" is located about 1 mile (1.6 kms) from the main

plantation community where the sugar mill is located, while "Community

Two" is 2 miles away. Rocky dirt roads connect all three communities

which are entirely surrounded by canefields.

Table A.3.l (Appendix A) compares some demographic aspects of the

two communities. "Community Two" had a somewhat larger population,

more families, but the median family size was slightly lower as

compared to "Community One". The sex-age distribution of the
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population in each community was not significantly different.

Typically, almost half of the population was under 15 years of age.

Environmental characteristics were quite similar in both

communities as well (Table A.3.2, Appendix A). There were 102 housing

units in Community One, 120 units in Community Two, most of which were

clustered quite closely. The housing units were constructed by the

Company, which owned and maintained them. The construction-materials

were quite uniform for all housing units. Walls were made of wood,

brick, concrete, or a combination of these. Roofing material con-

sisted of sheet-metal, and most floors were made of cement. The

housing units varied as to the number of rooms, with the housing

units in "Community Two" generally having fewer separate rooms, and a

higher density of persons per unit of living space. The majority of

the families in both communities depended on community water faucets

for drinking water and for doing laundry, while nearby rivers were

used for bathing. Most families disposed of their wastes by dumping

them nearby, and a substantial number of families reportedly had no

sanitary facilities. At the time of the initiation of the study

there was no electricity in both communities. Sometime in 1975 an

electrification program was started by the national electrification

institute5 in both communities.

5Instituto Nacional De Electricidad (INDE).
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"Community Two" has a small school which includes up to third

grade. Starting with the fourth grade, the children go to a larger

school with grades 1-6 in the central plantation community. In

"Community One" there is no school, and the children attend the central

community school starting with the first grade. All schools on the

plantation are constructed and run by the Company, free of charge to

the children of the resident workers. Those students who wish to

continue their education after having completed sixth grade, attend

schools in a nearby city with Company support.

Free medical care is provided to the resident workers ~nd their

families by the Company, through a clinic, maternity ward and pharmacy,

all located in the central community. The patients are first seen

by an auxiliary nurse, who refers the more serious cases to a

physician who sees patients at the clinic three hours a day. The

workers belong to the national social security system, which covers

accidents and inpatient care at the system's hospital at the nearby

town, where public hospitals and outpatient clinics are open to the

workers' families. Workers and their families do consult private

physicians in practice in the nearby town.

In both communities there are a number of stores, owned and

operated by families of the workers. These stores mostly sell

packaged food items and articles of everyday use; for major purchases,

the people rely on stores and markets in the nearby town. There are

two churches in each community, a Catholic and an Evangelist Church.

Each community has an adjunct-mayor who is elected by, and from
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among, the workers each year. He is paid by the Company, and his

principal responsibilities are to maintain order, organize the

community for specific activities, and pass on information from the

Company to the workers and their families.

3.2.1.2. Work Characteristics

The principal work activity of the adult males in both communities

is sugarcane harvesting. 6 The harvesting season varies from year to

year, but generally starts in the middle of November and continues

until June of the following year. The actual harvesting period depends

on: (a) availability of field workers; (b) quantity of cane planted,

and (c) start of the rainy season. The sugar mill processes cane bought

from small independent growers as well as cane from the plantation

fields. Therefore, the harvesting season on the plantation also depends

on the supply of "outside" cane, Le. a relatively short supply of cane

from independent growers will extend the harvesting period on the

plantation fields. 7

6None of the resident families own or lease land for home production;
consequently, the workers are exclusively salaried employees.

7A coordinated effort is made by the Company to even the daily flow
of "outside" cane delivered to the mill throughout the harvest-season.
Nevertheless, the major deliveries of "outside" cane take place during
the period beginning around the middle of January till the middle of
May with peaks in March and April. Because of limited mill capacity,
sudden increases in "outside" cane deliveries, may necessitate tempo
rary decreases in "in-house" cane deliveries; the same may occur
during prolonged plant breakdowns. Similar findings were obtained in
a related study in Jamaica where plant capacity and mill deliveries
of outside cane seemed to be important determinants of the weekly
tonnage of cane cut by resident cane cutters (Heywood, 1974). The
implication of these facts for the present study are discussed in
greater detail in a later chapter.
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During the off-harvest season, th e workers are engaged in weeding

of the fields and cane planting. Small groups of workers may be used

for short periods of time in other activities, such as road mainte

nance, fumigation and soil fertilization.

Three kinds of workers hired by the Company can be distinguished.

The first kind are the resident permanent workers ("colonos"), often

heads of households who are continuously employed throughout the year.

Their sons and relatives (including wives, for certain occupations)

constitute a second source of labor, and these workers ("voluntarios")

are hired by the Company based upon labor needs. A large number of

these workers are employed throughout the year. To complement the

work force living on the plantation, groups of highland men

("cuadrilleros") are hired on short-term contracts (one or two months)

during the cane-harvesting season, when labor demands always exceed the

supply of resident workers.

For sugarcane harvesting the workers organize themselves in groups

of 4 (lcuadr i1l a") . The workers both cut and load the cane on a cart.

Once the cart is filled, it is hauled away by a tractor to be weighed

at a central weighing station, accompanied by the foreman of the group.

In the payrolls the total weight of the cane cut by each group is

equally divided among the four workers. Therefore, there exists a

natural tendency for workers of equal capacity to team up. Our own

observations and measurements confirm that there virtually existed no

intrateam differences in productivity. Interteam differences in

productivity did exist. At the beginning of each payroll period

("planilla"), the workers are free to integrate the teams as they wish,
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and select their foreman. We found a high degree of stability in the

composition of teams of highly productive workers, whereas teams of

less productive workers seemed to change their composition much more

frequently. Workers are free to start and stop work at any time. The

members of the team all usually start and stop work at the same

time. Normally, they begin work in the field around 6:00 a.m. and

terminate between 12:00 noon and 4:00 p.m. The ncrmal work-week

consists of six work-days; however, often the workers work on Sundays

as well.

During the off-harvesting season, the workers work on an indivi

dual basis. The principal work activity is weeding canefields with a

machete. This work is based on standard tasks, where a standard task

consists of a pre-measured area of 25 x 25 m. The weed is cut between

the rows of planted cane, and is heaped up in the middle of the area

between the rows of cane. The worker can finish a standard task at

any speed he wishes; normally, it takes from 2 1/2 to 4 hours to do

so. Workers are seldom assigned more than one standard task a day,

but they determine their own work-hours. Work activities for which

workers are hired on the basis of an eight-hour work day include:

road maintenance, fumigation and sugarcane planting. Here the workers

do not decide on their own work-hours, and a pre-measured work output

is not involved.

The workers work under the direction of field supervisors

(JlcaporalJl), who each have 25-30 workers to supervise. These Jlcaporales"

daily assign each worker his work-area. They maintain daily records
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on the presence/absence of the workers, and of the work performed by

each worker. These records are sent each day to the payroll office.

The field supervisors, who often have been promoted from the ranks

after many years of service as field hand, also see to it that the

work is performed according to specific standards.

Daily decisions as to the movement of workers, equipment, and

what tasks are to be performed are made by the field director

("mayordomo") together with the sub-administrators of each plantation

community. They daily inspect the field work in progress, and are

being directed by the plantation administrator who, in turn, is

directly responsible to the Company president.

The work-remuneration system has both monetary- and non-monetary

components. During the harvesting season, the workers are paid based

upon weight of sugarcane delivered (cut and loaded). During the off

harvesting season workers are paid based upon standard tasks performed,

or number of 8-hour days worked. Most task and day work are paid at

the same rate. Over-time hours are paid at 1.5 times the hourly

equivalent rate.

Workers earn weekly a seventh-day pay if they have worked at

least six days during the week. This pay is computed as the average

daily earnings during the week. Work performed on Sundays and on paid

holidays is remunerated at twice the regular rate. Workers who are

absent, and who are certified by the clinic's nurse to be ill, receive

pay at half the regular daily rate. If workers are absent from work

on orders of a physician of the national social security system, they
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receive no pay from the Company, but are entitled to receive from the

national social security system compensation equal to their regular

8daily wage for each day that they are absent from work. Being absent

from work for any other reason, with or without prior permission, means

forfeiture of the daily wage as well as the seventh-day pay. Workers

are entitled to ten working days of paid vacation a year. The vacation

period is compensated at a daily rate equal to the worker's average

daily earnings during the previous six months. Most workers take their

vacation during the month of August or September.

The non-monetary components of the remuneration system are not

directly related to the worker's level of productivity. The workers

and their families are provided rent-free housing. The assignment of

housing by the Company is mostly based upon family size and availability

of houses at the particular moment in time. We found no evidence that

suggests that the more productive workers live in higher quality

housing than do less productive workers. All resident workers and

their families are offered free medical care and medicines at the

plantation's clinic, and their school-age children are eligible to

attend the plantation's schools, free of charge. The resident workers

can obtain small, interest-free loans from the Company, and can purchase

on credit certain staple foods from the Company. No interest is

charged on the extended credit.

8Bot h employer and employee contribute to the national social security
system by paying each 1% of the worker's gross earnings.
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One major non-monetary wage component is the food ration. The

worker receives one ration for each day worked, which consists of

2 pounds of maize and half a pound of beans (a total value of 26¢/day

at average 1974 market prices). For the days that the worker was

absent from work due to a certified illness or work disability he also

receives rations. Being absent from work due to any other reason

means forfeiture of the ration.

In summary, the remuneration system at the study plantation has

several built-in economic incentives aimed at reducing worker absentee

ism and at obtaining high individual worker production. We were most

careful not to interfere with, and/or alter in any way, the existing

work organization and the incentive remuneration system during the

whole study-period.

The characteristics of the work organization and pay systems

described above are for the study plantation. However, they are quite

typical for the sugar cane plantations in Guatemala, especially those

plantations which have a resident work force.

3.2.2. Supplementation Program

In designing the energy supplementation program for this study,

the main emphasis was placed on logistical considerations rather than

on economic feasibility. It was felt that before designing econrimic

ally feasible delivery systems, basic results about the impact of

energy supplementation had to be obtained. Thus, this program was a

means towards testing some basic hypotheses.

The logistical constraints which the program design had to

confront included the following:
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a. Acceptability of the supplement: For the supplement to be

readily accepted by the workers it had to consist of a food

item which fell within the range of food items which they

normally consume.

b. Calorie content of the supplements: For any high-energy food

which would be developed, a low-energy one had to be made

available, and vice versa. Ideally, the two supplements

would be identical in all aspects except calorie content.

The initial design called for the high-energy supplement to

contain from 300 to 400 calories, and for low-energy one a

"negligible" number of calories.

c. Direct consumption supervision: Both supplements needed to

be consumed under direct supervision of the program staff,

in order to ensure that only the workers for whom they were

meant consumed them, and to maintain daily records of

individual supplement intake. This meant that the workers

had to be able to consume the supplement in a brief time

period, i.e. the bulk-size had to be limited. Also, the

timing and the place of the distribution had to facilitate

consumption under direct supervision.

d. Financial constraints: The cost of both the supplements and

of the distribution system had to fall within the modest

funds budgeted for this purpose.

Several initial experiments proved unsuccessful, the main problem

being the production of an identical low-energy supplement. However,



62

with the technical (and later, financial) help of a local soft drink

9bottling company, the supplements described below were developed.

Both supplements were pre-tested during a two-week period on a different

sugarcane plantation with two groups of sugarcane cutters. The aim

was to: (a) test the acceptability of both supplements during a period

of continued application, 10 and (b) to work out logistical problems

related to the distribution system. In April 1974 the supplementation

program was initiated on the study plantation.

The program was carried out in a "double blind" fashion. The

bottles containing the two different supplements were only distinguish-

able by the color of the bottle cap. "Connnunity One" workers never

had an opportunity to taste the supplement meant for "Connnunity Two"

workers, and vice versa. Our field staff did not know the contents of

the two supplements, nor did the workers in the program. It had been

explained to them that the supplements contained vitamins A and C.

The workers participated in the program on a voluntary basis.

They were continuously encouraged to express doubts or misgivings, and

they could discontinue their participation at any time they wishes. In

the event a worker dropped out of the program, a staff member would

discuss the reason(s) with him, after which he could freely decide

9La Mariposa, S. A., Guatemala.

10preliminary taste tests had previously been performed with positive
results for both supplements. However, information was needed about
the workers' willingness to consume the supplements on a regular and
continued basis.



63

whether to resume his participation or not. The purpose of the program

had been explained to them as a means of determining whether the

supplements would reduce their tiredness at the end of the day, and

whether by taking the supplement they would generally feel better.

Both supplements enjoyed a high degree of acceptability by the

workers right from the beginning. A feature which was in great part

responsible for this, was the fact that the drink was served cold. Most

men took less than a minute to empty a bottle, which thus, repre-

sented a very minor interruption of work.

A more detailed description and analysis of the effectiveness

of the energy supplementation program is presented in Chapter 5.

3.2.2.1. The Supplements

The high-energy supplement consisted of a sweet drink, which was

bottled, orange-flavored, and had a volume of approximately 350 mI. The

energy content averaged 356 calories/bottle,ll exclusively supplied by

12sucrose. The low-energy supplement was identical in appearance, was

sweetened by a low calorie synthetic sweetener and provided, on the

average, 15 calories/bottle.
13

In addition, both supplements contained

11Standard error: 6.5 calories (n = 16).

l2Thi s raises another question about feasibility. Sucrose in the diet
tends to increase the probability of dental caries. When sucrose is
metabolized by the cariogenic bacteria in the mouth, such as Strepto
coccus mutants, an extracellular substance called dextran is formed,
which increases the adhesiveness of the bacteria to the host (tooth
surface), making removal more difficult. As much as 10% of the dry
weight of plaque on teeth has been found to consist of dextran
(Scherp, 1971).

13Standard error: 1.2 calories (n = 12).
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3700 micrograms of vitamin A (equivalent as S-carotene) and 16 milli

grams of vitamin C. The supplements had all aspects of a soft drink,

a food item regularly consumed by the workers. Because of the large

volume involved, each supplement was produced in several separate

batches during the supplementation period. Of each new batch, randomly

chosen samples were analyzed for calorie content. It was found that

there existed relatively little "within batch" variation, though some

variation between batches existed.

3.2.2.2. The Distribution System

During the cane-harvesting season, the supplements were distributed

to the workers in the field. The supplement bottles were refrigerated

beforehand, packed in styrofoam containers, and taken to the fields by

truck. The workers drank the whole bottle contents under direct

supervision of our staff. Under no circumstances were bottles left

with the workers. These workers, who were absent from work, received

their supplement at home, if they could be located when the truck made

a trip to the two communities, after having finished the distribution

in the field. A careful control register was maintained indicating,

which workers consumed the supplement, and for which reason(s) workers

did not consume it.

The supplement was distributed twice a day, once in the morning

and once early in the afternoon, Monday through Friday. Initially, it

was also distributed twice on Saturdays. However, since it became

very difficult to locate the men in the afternoon (every other Saturday

is payday), it was eventually decided to distribute the supplement just
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once in the morning on Saturdays. Thus, the supplement was offered

eleven times a week.

During the off-harvesting season, when the workers normally leave

the fields around 9-10 a.m., the first distribution took place in the

field, and the second one in the communities. Care was taken not to

leave any full bottles in the homes, and the workers had to drink the

bottle contents in the presence of a staff member.

3.2.3. Data Collection Procedures

In this section we shall briefly describe the methods employed

for data collection in the field. We have divided the total data

into eight different "data areas", which are listed in Table 3.4.

For each "data area" we have indicated the principal data collection

method or source, the sample coverage and the months or periods during

which the data were obtained. As can be seen, for some data-areas,

point estimates were obtained at different times during the data

collection period, for others time-series were obtained. For some

data-areas, data which cover time-periods before and/or after the

period August 1973-June 1975 are included in this report. The reason

that not all data collected during the period August 1973-August 1976

are included in this report was previously explained.

We shall now briefly discuss each data-area separately.

3.2.3.1. Population and Housing Census

The Population and Housing Census was taken once a year in

August, covering all families in the study communities. The popula-



Table 3.4

Data Collection plan: August 1973-June 1975

Data Area

1. Population and
Housing Census

2. Dietary intake

3. Supplementation
control

4. Nutritional
status

5. Physical fitness

Data Collection
Method/Source

QUestionnaire

Questionnaire (24-hour
recall survey)

Daily register of
indiv. supplement
consumption

Anthropometric
measurements

Sub-maximal work tests
in the laboratory

Sample Coverage

All famil ies in
"Community One" and
"Community Two"

All sample workers
and their families

All sample workers

All sample workers
and their families

Sub-sample of workers

Dates

1973: August
1974: August

1974: February, April,
June, October

1975: January, March,
June

April 1974-June 1975:
daily

1973: August/September,
December

1974: April, August,
October

1975: February, April

1974: April, August
1975: February

0\
0\



Table 3.4. (Continued) Data Collection Plan: August 1973-June 1975

Data Area Data Collection
Method/Source

Sample Coverage Dates

6. Productivity

a. Worker cane Company payrolls All sample workers
deliveries

b. Field work Daily register of work All sample workers
measurements performed by sub-sample

c. Energy expendi- Respirometer/diary method All sample workers
ture at work

November 1972-June,
1975-Continuousa

January 1974-June 1975:
daily
January 1974-June 1975:
daily

7. Worker attitudes

8. Other data:

a. Mill capacity
and general
production data

b. Field charac
teristics

Questionnaire

Company records

Company records/field
inspections and visual
observation

All sample workers November 1976b

Continuously during
the data-collection
period

a The s e data for the period November 1972-August 1973 were collected retrospectively during the
data-collection period.

bThe se data, while obtained shortly after the termination of the supplementation program, and after
the indicated data collection period, are nevertheless included here. The questions were not time
specific, and the survey could probably have been undertaken at any point during the data
collection period.

'"'"
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tion census obtained individual data about schooling, occupation,

residence in the community, in addition to sex, birthdate and place,

ethnic group and marital status. During each interview an attempt

was made to verify the birthdate of each family member by means of

14official documents. The housing census obtained data about the

family's housing environment (construction materials, number of rooms,

kitchen facilities), principal source of water, methods of waste dis-

posal, and sanitary facilities, and infestation of insects and rodents.

In addition, the families were asked about the types and number of

animals they owned. The main criteria used to define a family unit

were: (a) whether the individual normally slept in the house, (b) wheth-

er the individual participated in the family's expenditureo, and

(c) whether the person, in the case of income-earners, contributed

part or all of his/her income towards the family unit's expenditures.

The respondent for this survey usually was the spouse of the head of

household.

Th C . d f I' b'l' 15 ,e ensus survey ~nstrument was teste or re ~a ~ ~ty, us~ng

a test-retest procedure. In order to apply the test corre~tly, the

l4The validity of the data contained in official documents is also in
doubt. The law requires that births be registered within 30 days of
actual date of birth. In rural areas, at times it may be difficult to
get to a registration office, due to long distances or inaccessibility
of roads, during certain times of the year. In order to avoid paying
the penalty imposed for late registrations, parents report the birth
having taken place during the last 30-day period, even when the
actual birth date was much earlier.

l5The aspect of reliability that the measurement procedure was tested
for, is stability. A high degree of stability is desirable because it
affords assurance that variations over time in the data are not the
result of an inadequate survey instrument, or of serious intra
interviewer errors (Selltiz et al., 1976).
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following procedures were employed. First, the time-period between

the first and second interview was four days. This time-period was

deemed long enough to prevent the respondent from remembering the

responses given during the first interview, and short enough to

eliminate the effect time may have on the respondent's ability to

remember certain facts. Secondly, the same interviewer was used in

both interviews, to eliminate inter-interviewer variability. Thirdly,

interviewers were not allowed to take with them to the second interview

the data forms completed during the first interview. This was done

to prevent the effect that knowledge of the first replies might have

on the way the same questions were worded during the re-interview.

In Table A.3.3 (Appendix A) are presented the mean differences,

and the 95% confidence-intervals, of selected items of the census

survey. All items have a mean difference which is not significantly

different from zero, thus pointing to a high degree of stability of

the measurement procedure.

The census was conducted by several interviewers (usually two).

During initial training, and at periodic intervals thereafter, the

interviewers went through a standardization procedure, in order to

minimize inter-interviewer sources of error. The procedure called

for two interviewers being present in an interview, both independently

recording responses to the questions asked by one of them. After the

interview, the independently recorded responses were compared and

differences were discussed. Two perfectly comparable interviews,

conducted consecutively, had to result before the interviewers were
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allowed to undertake the survey. The families to be interviewed by

each interviewer were for each survey randomly assigned, and each

interviewer had the same number of families assigned in different

sections of both communities. Thus, we may safely assume that the

inter-interviewer errors were randomly distributed in each survey.

3.2.3.2. Dietary Intake

To obtain data on dietary intake of both the sample workers, and

their families, the 24-hour recall method was used. The respondent

was the person in the family in charge of preparing meals, usually

the spouse of the head of household. With the 24-hour recall method

the respondent is asked to enumerate all foods consumed during the

previous day, including in-between meals. Quantities of each food

consumed are estimated by weighing equivalent quantities during the

16With the use of a food composition table, estimates of

the energy and nutrient (protein, minerals and vitamins) intake per

food consumed are obtained. Total daily energy and nutrient intake

is then obtained by summing over all foods consumed.

Lechtig et ale (1976), reviewing a number of validation studies,

concluded that the one-day recall method generally provides valid

and reliable mean estimates of energy and protein intake of popula-

tion groups. Its validity to estimate individual dietary intake has

l6Institute of Nutrition of Central America and Panama (INCAP),
Food Composition Table of Central America and Panama (Table de
Composicion de Alimentos de Centro America y Panama). Guatemala,
INCAP, January, 1960 (Fourth Edition).
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not been established. I? Our own tests of the measurement procedure

18
also point to a high degree of reliability (stability) of the method.

The same procedures for interviewer standardization outlined

above, were used for the dietary surveys. For each survey, the families

to be interviewed were randomly assigned to the interviewers.

3.2.3.3 Supplementation Control

A daily register of the intake of the two supplements by the

sample workers was maintained by the staff in charge of the supplement

distribution. For each worker it was noted in the register, whether

he consumed the supplement or not. In the event that the supplement

had not been consumed, the reason was indicated. These reasons

included: (a) the worker refused to accept the supplement,19 (b) the

distribution crew had been unable to locate the worker, or (c) the

l?The external validity of the method (as distinct from its internal
validity which is measured by comparing the results obtained by two
different methods) is also not known. For example, the respondent
may not have complete knowledge of the foods consumed by other family
members outside the home.

18Estimated daily intake: N Mean Confidence
difference intervals(.95):

l. Energy - worker (kcals.) 22 168 ± 200
2. Protein - worker (gm.) 22 4.0 ± 5.4
3. Energy - total family (kcals.) 22 - 82 ± 322
4. Protein - total family (gm.) 22 6.0 ± 9.5

19After a number of consecutive refusals, the distribution crew was
instructed to inquire with the worker why he did not want to take
the supplement. This information was passed on to the field super
visor, who, depending on the reason given, would have a chat with
the worker. Care was taken not to put pressure on the worker to
resume his participation in the program.
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distribution truck had broken down, and thus, the crew had been

unable to deliver the supplements to the workers.

The field supervisor on our staff kept a tight inventory control

of the supplement bottles. Before each distribution trip, the super

visor recorded the number of bottles of each supplement that left

with the distribution crew. Upon return, the number of empty and

unconsumed bottles were recorded. Thus, the total number of bottles

consumed noted in the register could be checked against the number of

empty bottles that were returned. The distribution crew had to account

for any discrepancies, including breakage of bottles. Thus, we have a

good longitudinal record of the daily supplement intake of each

worker in the sample.

3.2.3.4. Nutritional Status

The nutritional status of the workers and members of their

families was assessed by means of anthropometric measurements. These

were taken periodically at a central location in each community where

our staff would set up a simple field laboratory. Workers and their

families were advised in advance by means of house visits; later on, the

people were given in advance appointment slips. At first, blood

samples were routinely obtained as part of the examination. However,

when it was determined that many people did not appear at the

examination out of fear of having a blood sample taken, this part was

separated from the rest of the examination, and a blood sample was

taken only if the person requested it. All persons who participated

in the examinations were given a simple booklet, in which body weight,
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height and percent packed cell volume were recorded during each

examination.

The anthropometric measurements and the measurement techniques

are listed in Table 3.5. The frequency with which the examinations

were made was previously indicated in Table 3.4. These examinations

were complemented by weighing the workers at two-months' intervals.

The blood samples were obtained to determine percent packed

20(red) cell volume, and plasma protein content. Trained nurses,

under the supervision of a physician, obtained the blood samples by a

finger prick in the middle finger of the left hand, collecting the

blood in two micro-hematocrit capillary tubes. The total volume of

blood thus collected amounted to about 0.1 cc. 2l The microtubes were

centrifuged, and the percent packed cell volume of the two samples

were read using a hematocrit-reader. The mean value of the two samples

was noted on the data form. Plasma protein (grams/lOa ml plasma or

g%) was determined using a hand refractometer (TS meter).

20percent packed (red) cell volume is a hematological parameter used to
assess iron-deficiency anemia in an individual. Iron-deficiency anemia
is considered a serious public health problem in rural areas of
Guatemala (Viteri and Guzman, 1972). Plasma protein content of the
blood is used to assess body protein stores. Both these parameters
were included as a screening device as well as in connection with
other studies. Whenever the results of these hematological examina
tions indicated the presence of iron-deficiency anemia and/or depleted
body protein stores, the individuals were urged to consult a physician
for treatment. Very few low plasma protein values were obtained, but
iron-deficiency anemia was quite frequently found, especially among
women (as would be expected).

2lDespite the small quantity of blood collected, the rumor spread that
the blood was to be sold in the U.S.



Table 3.5

Anthropometric Measurements: Body Measurement Sites,
Measuring Techniques and Equipment, and Sources of Error

Measurement

1. Body weight

2. Height (standing)

3. Head circumference

Measurement Site

Around frontal bones,
just superior to the
supra-orbital ridges,
over the max. occi
pital prominence of
the back of the head

Measuring Technique/
Equipment

Fully clothed without
shoes. Beam scales,
in pounds and ounces
¢o the nearest ounce).

Fully clothed without
shoes. Measuring tape
fastened to a wall, in
centimeters (to nearest
.1 cm)

Measuring tape (to the
nearest mm)

Sources of Error:

1. Non-calibrated scales
2. Inter-examiner

differences
3. Intra-examiner errors

1. Subject's posture
2. Tape not under 90 0

with the floor
3. Inter-examiner

differences
4. Intra-examiner errors

1. Thickness of subject's
hair

2. Inter-examiner
differences

3. Intra-examiner
errors

"~



Table 3.5. (Continued) Anthropometric Measurements: Body Measurement Sites,
Measuring Techniques and Equipment, and Sources of Error

Measurement

4. Mid-upper arm
circumference

5. Leg circumference

6. Tricipital
skinfo1d

Measurement Site

Halfway between the
acromial process of
the scapula and the
tip of the elbow
(olecranon process)

At the greatest cir
cumference of the
ca 1£ of the leg.

Over the triceps
muscle, halfway
between the acromial
process of the scap
ula and the tip of
the elbow (olecranon
process), parallel
to the long. axis
of the upper arm

Measuring Technique/
Equipment

Measuring tape (to the
nearest rnrn)

Measuring tape (to the
nearest rnrn)

Lange Skinfold Caliper

Sources of Error:

1. Non-cylindrical
form of the upper-arm

2. Inter-examiner
differences

3. Intra-examiner
errors

1. Inter-examiner
differences

2. Intra-examiner
errors

1. Variation in skinfold
compressibility

2. Inter-examiner
differences

3. Intra-examiner
errors

--..
Ln
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All personnel involved in taking anthropometric measurements were

carefully trained and standardized. As much as was feasible, the same

staff member took the same measurement(s) during all examinations in

order to minimize the inter-examiner differences. In longitudinal

assessments it is preferable to use one and the same examiner for the

same anthropometric measurement, even if this introduces a systematic

bias.

3.2.3.5. Physical Fitness

Physical fitness has been defined as "a quantitative expression

of the physical condition of an individual" or, "the fitness to perform

a specific task requiring muscular effort in which speed and endurance

are the main criteria" (Consolazio et a!., 1963). The aerobic power

(oxygen uptake per minute) of the workers was used as an indicator of

their physical fitness. Three parameters were estimated:

1. Maximal aerobic power (V02 max), defined as the highest

level of oxygen uptake an individual can attain during

physical activity (at sea-level);

2. Aerobic power at a heart-rate of 150 beats/min (V0
2l50),

which is a maximum level of heart-rate normally attained

during work, and
.

3. the linear regression coefficient between V02 and heart rate •

.
Since it was deemed that direct determinations of V0

2max
were

not feasible, graded sub-maximal exercise tests were used. These tests

are designed to perform simultaneous determinations of oxygen uptake

and of heart-rate at different, simulated work loads. Expired air
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samples were collected in Douglas bags, their volumes were determined

using a Beckman E0
2

gas meter, and oxygen content was determined using

22 23
a Teledyne oxygen analyzer. A telemetry system coupled to a

recorder was used to monitor heart-rate. For the first two tests

(April and August 1974) only a bicycle ergometer was available,

whereas a portable treadmill was added for the third test (February

1975).24 Results obtained on a bicycle ergometer are not exactly

comparable to results obtained on a treadmill for the same person.

Those workers who had demonstrated on the first two tests to be

comfortable on the bicycle ergometer, were again tested the third time

on the bicycle ergometer.

Resource limitations forced us to limit the tests to two sub-

samples of workers. For the first tests 27 workers of each group were

tested. These same workers were included again in the second and

third set of tests, when the subsample sizes were increased to 40

workers each. The tests were conducted in a field laboratory set up

in the main administration building in the central community. The

workers were given appointments for a specific day and hour. The

worker did not perform any work in the field on the day that he was

22See, e.g. Consolazio et al., 1963, for a precise description of
laboratory techniques-of()2 uptake measurements, including
computational procedures.

23Biolink Telemetry System (BIOCOM, Inc.) which is a single channel
FM/FM transmitter, which receives input signals from two chest skin
electrodes.

24For a complete description of these physical fitness tests see
Astrand and Rodahl (1970).
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scheduled to participate in the test, but was paid by the Company the

25equivalent of one day's work.

Motivation, attitudes toward the test, mechanical skill and

environmental conditions all affect the validity of the technique •
.

Furthermore, the indirect measurement of V02max, by extrapolation of
.

the linear regression of V0
2

and heart-rate, may lead to under-

estimations. 26 Since maximal heart rate declines with age, for

workers over 35 years an "age-factor" was applied to estimate maximal

heart-rate, as suggested by Astrand and Rodahl (1970).

3.2.3.6. Worker Cane Deliveries

The Company payrolls essentially contain the following information

for each worker on a daily basis:

1. Weight of sugarcane delivered (in hundred weights) when

cutting cane, and during the off-harvest season: the type

of work performed and the corresponding pay-rate;

2. Number of hours of overtime (when performing work on a day-

basis); and

3. The reported reason for having been absent from work if the

worker did not work that day.

25The workers did not receive any payments from us for their participa
tion in the test.

26At high heart rates, oxygen uptake increases relatively more than
the heart-rate. Linear extrapolation of the sub-maximally determined
relationship between V02 and heart-rate, leads to underestimation of
V02max (Astrand and Rodahl, 1970). V02l50 does not suffer from this
extrapolation effect.
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From this information each worker's gross earnings are computed

for each pay-period which is two weeks. The field supervisors keep a

daily register of the absence/presence of the workers they supervise

and the type of work that each worker performs. These registers are

turned in daily at the payroll office. During the harvesting season,

these supervisors issue slips to the foreman of each cuadrilla with

his name on it. At the central weighing station, the weight of

sugarcane delivered by the whole cuadrilla is written on these slips,

which are also turned in daily at the payroll office. The total weight

of each cuadrilla is then equally divided among its members.

The data from the payrolls were transcribed onto our data forms

by hand. The data forms were carefully checked (by a person other than

the transcriber), and obvious errors were corrected by referring to

the payrolls, before being sent out to be keypunched. No attempt was

made by us to validate the data contained in the Company's payrolls.

We can only list the potential sources of error, and assume that these

errors were randomly distributed:

a. errors in the daily registers kept by the field supervisors;

b. errors in the transcription in the payroll office of the

data contained in the field supervisors' daily registers;

c. day-to-day variation in the calibration of the weighing

scales;

d. errors in recording of the tonnage delivered at the weighing

station;

e. errors in transcription in the payroll office of the recorded

weights of the cane deliveries;
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f. errors in the transcription of the payroll data onto our

data forms.

The daily data were totaled and averaged for weekly periods for

each workers. There were several reasons for this. First, there were

concerns about the enormous quantity of data that would be generated

if daily records were processed for a four-year period. Secondly,

there were many day-to-day fluctuations in individual productivity

which may be caused by many factors which are difficult to quantify.

Daily recorded weight of sugarcane delivered may not adequately

27reflect the worker's productivity in anyone day. The study is more

concerned with trends in worker productivity than with day-to-day

fluctuations. It appeared that the time-limit of a week seemed adequate

for averaging the individual daily records.

3.2.3.7. Field Work Measurements

Specially trained assistants maintained daily records (diary) of

all activities undertaken by small subsamples of workers. These

assistants arrived in the fields before the workers did, and left after

the last worker they were observing had left. Only activities at work

were recorded, which did include lunch-breaks, extended rest-periods,

28
etc. The starting, and final time (hour and minutes) of each

270n days that a disproportionately large part of the total working time
was spent on cutting, recorded delivered weight would be low. The
next day, however, recorded delivered weight would under-estimate the
amount of cane actually cut.

28A serious short-coming of this study is that relatively little data
are available about after-work activities. Some attempts were made
during the study to develop an adequate methodology without much
success. The most serious problem was the external validity of any
method.
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separate activity were registered. Thus, daily records of total time

spent in different activities at work were obtained. In addition, when

the workers under observation would be cutting, periodic measurements

of the length of cane furrow cut were made. This was done by putting

a stick at the spot where the worker started to cut, and noting the

time. One hour later, another stick was placed at the spot where the

worker was cutting and the exact time was registered. The assistant

would then measure the distance between the two sticks using a long

29measuring tape, and one hour later repeat the procedure. Thus, we

generated a record of the length of furrow cut per unit of time at

different points during the work-period. The assistants also evaluated

the work performed by the workers, as being either good, average or

bad. This was admittedly a subjective rating system, but these

assistants, who had previously been employed as sugarcane cutters,

used specific criteria to rate the quality of work performed. These

criteria included: (a) how close to the ground cane stalks had been

cut (the closer the better), (b) how well the cane stalks had been de-

leaved, and (c) how closely the stalks had been heaped together (the

closer the better, because it facilitates the loading process). Similar

measurements were made, and similar criteria were used to rate the

quality of work for the weeding tasks during the off-harvest seasons.

29
If the worker would stop cutting within the hour, the assistant would
register the exact time, place a stick at the spot where the worker
had stopped cutting, and measure the distance of furrow cut from the
previously placed stick.
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Four assistants were employed for the field work measurements.

Preliminary tests showed that each assistant could adequately observe

30
one cuadrilla a day, so eight workers of each group were normally

observed daily, Monday through Saturday. An effort was made to

schedule the workers to be observed according to a strict rotation

31plan. Our field supervisor was responsible for the supervision of

these four assistants, and for checking their work and data forms.

Two aspects of the measurement procedure must be highlighted

since they bear a direct relationship to the validity of the technique.

These are: (a) the observer-effect, and (b) the inter-observer

differences. The observer effect refers to the effect that the

presence of the observer may have on the work performance and pattern

of the worker. In other words, the observer-effort casts doubt on the

external validity of the technique. Serious consideration had been

given to this aspect, but we are of the opinion that the observer-effect

was very minimal for several reasons:

(a) The workers were used to being observed while working by

their field supervisors;

(b) our observers were former colleagues of the workers, and

lived in the same communities;

30During the off-harvest season, only two workers per assistant
observed in weeding tasks, since workers did not work closely
together, and the high cane stalks often hampered viewing the
from a fixed position.

3lAt times, workers were assigned temporarily to other types of work,
or were absent from work due to illness or other reasons. Since the
sample size of one group of workers was smaller as compared to the
other group, workers from the first group were observed more
frequently.
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(c) the training of the observers took place before data

collection was initiated with the groups of workers of the

study, precisely with the idea of getting them accustomed

to the presence of the observers.

Intensive training and standardization procedures were used to

minimize the inter-observer differences. The standardization process

consisted of having the four assistants observe the same workers each

day, independently taking measurements, record the activity pattern,

and evaluate the work, under supervision of our field supervisor (and/or

of one of the project investigators). At the end of each day, the

results were compared and discussed with the assistants. After two

days of nearly perfect compatability between the daily records of all

four assistants, two assistants were assigned to each study-group. The

standardization procedure was periodically repeated during the whole

measurement period. The same two assistants were assigned to the same

32group throughout, but intra-group assignment was made at random.

We believe that the inter-observer differences thus were held to a

minimum.

3.2.3.8. Energy Expenditure at Work

In order to estimate energy expenditure at work we used the

respirometer/diary method. The energy cost of different activities is

32We found out that observer rotation among the two groups seemed to
have more negative effects than positive. The observers performed
less well when assigned to the workers from the community other than
their own. And the workers themselves were resentful of being observed
by observers who were not from their own community.
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estimated by measuring oxygen uptake directly with a Kofranyi

Michaelis respirometer. This technique has been described in detail

by Viteri et al. (1971). Time spent in each activity is multiplied

by the corresponding energy cost, and energy expenditure in each

activity is summed over all activities to arrive at total energy

expenditure at work. In the previous section we described the method

used to obtain estimates of time spent in different activities for

individual workers. It was felt that we could not undertake measure

ments of energy cost of a range of activities in all workers of the

samples. This would have been extremely time-consuming. Instead,

determinations were made in a subsample, chosen at random. ~or each

worker, three determinations were made for the same activity. Also

workers were measured under different environmental conditions for the

same activity. The mean values obtained for the subsample for the

different activities were applied for the complete sample, and for

the whole study-period. By taking mean values of energy costs, inter

and intra-worker variability was ignored. In other words, some of the

sensitivity of the method was unfortunately lost.

The mean energy costs of some major activities, as obtained in

the subsample by the method described above, are presented in

Table 3.6. It should be pointed out that these activity energy costs

include basal metabolic energy costs, which has been estimated at

1.12 kcals/min in male rural populations of Guatemala (Viteri et al.,

1971).
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Table 3.6. Estimated energy cost of selected activities at work.

Activity N Mean ± Stand. Dev.

1. Cutting cane with machete 36 4.45 0.79
2. Loading cane on cart 22 4.22 0.63
3. Weeding with machete 20 6.52 1.33
4. Walking 23 3.47 0.77
5. Resting/eating (seated) 26 1.22 0.17
6. Resting (lying down) 23 1.15 0.18

The validity of the respirometer/diary method has been shown to

be relatively high. Bradfield et al. (1969) compared results obtained

with this method, with those obtained with two different methods

(heart-rate/diary method, and accumulated pulse method). Less than

10% variation among the three techniques was found, a mean deviation of

1% when comparing the respirometer/diary method and the heart-rate/diary

method, and a 6% mean deviation between the respirometer/diary method

and the accumulated pulse method. Previously, Durnin and Brockway

(1959) had demonstrated a 5% technique error for the respirometer/diary

method.

3.2.3.9. Worker Attitudes

In November 1976, after the supplementation had been terminated,

a survey was undertaken among the sample workers. The workers were

questioned about: (a) their attitudes towards the supp~ements, and

the supplementation program, (b) their attitudes towards certain

aspects of their work, (c) their aspirations and expectations, and

(d) their normal after-work activities during harvest- and non-harvest

seasons. Some of the data obtained with this survey have been included
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in this report (see Table A.5.l of Appendix A). The timing of the

survey poses a certain limitation on the interpretation of the data.

Yet, it is felt that there is no reason to believe that the workers'

attitudes towards the supplements, the supplementation program or

their work significantly changed over time, or changed differently

between the two groups.

Several versions of the survey form were carefully pre-tested

and the survey questions were tested for reliability (stability).

Male interviewers were used for this survey who were carefully

trained and standardized.

3.2.3.10. Other Data Areas

Several additional data areas should briefly be discussed.

Company records provided data on the sugar mill's daily operating

capacity. Production time lost due to mechanical failures, maintenance

and repairs, or lack of cane are recorded daily, along with total

tonnage of cane delivered by independent producers, and from the

company's own fields. Average yields of each one of the company's

63 separate canefield sections, were also obtained from company

records after each harvest-season. 33

At the start of the study it was felt that an attempt should be

made to standardize the worker productivity indicators in terms of

environmental conditions.

33Average yields of fields
sample workers were sent
visiting these growers.
obtain data on the field

The different canefield sections were by

owned by independent growers to which our
to cut cane at times, were obtained by
These fields were also visually surveyed to
characteristics discussed below.
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no means uniform as regards their physical aspects. Each one of the

sections was visually surveyed by two staff members, and by the same

company field supervisor who assessed each section in terms of:

(a) terrain (slope, interruptions), (b) soil (type, rockiness), and

(c) type of cane planted. The elevation of each section was obtained

from company records. Admittedly, there was a subjective element in

this field evaluation procedure. The fact that the same person

evaluated all sections, eliminated inter-observer differences. Also,

the evaluator had been a sugarcane cutter for many years, before

becoming a field supervisor, and it was he who suggested the particular

characteristics of the fields that might produce variation in worker

productivity.

An attempt was made to produce a scale of these field character-

istics. This scale is discussed in greater detail in Appendix C.

3.2.4. The Experimental Designs Examined

The data collection methods presented above allow us to test the

principal hypothesis of the study, using two quasi-experimental

designs: (a) Nonequivalent Control Group Design, and (b) Multiple

Time-Series Design (Campbell and Stanley, 1966).34 Both designs should

be examined for internal and external validity. The first refers to

the degree with which valid conclusions can be drawn about the effect

of the treatment variable, in this case, the effect of energy supple-

34The discuss:!.·- in this section heavily depends on the material pre
sented by Campbell and Stanley (1966).
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mentation. Campbell and Stanley (1966) have identified eight differ-

ent classes of extraneous variables which may produce confounding

effects. If a particular experimental design expectively controls

for each of these eight classes of extraneous variables, it has a high

internal validity. Thus, our task is to examine for which of these

extraneous variables the two designs mentioned above do not control

for, and what this implies for the interpretation of the results.

3.2.4.1. Nonequivalent Control Group Design

The Nonequivalent Control Group (NCG) design differs from the

true experimental design called Pretest-Posttest Control Group (PPCG)

design in one important aspect only: the non-random assignment of the

subjects to the test- and control groups. The PPCG design is assumed

to control for all eight classes of extraneous variables (history,

maturation, testing, instrumentation, regression, selection, mortality,

and the interaction of selection with some of these, such as selection-

. I' h· I· Lng) 35maturat10n, se ect1on- 1story or se ect10n-test1ng • Because of the

non-random assignment of subjects, the NCG design is usually assumed

not to control for some of the interaction effects. There is also a

doubt as to whether regression is controlled for. In the present study,

we doubt whether the regression effect was present, since neither group

was chosen for their extreme values of one or more attributes. For

example, had only low productivity workers been included in the treat-

ment group, and only workers with "average" productivity in the control-

35For a precise description of each of these, see Campbell and Stanley
(1966).
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group, the regression effect could produce a confounding interpreta-

tion. The mean productivity level of the treatment group, chosen

because of their low productivity levels, will regress towards the

mean productivity level of the population from which the treatment

group came. 36 This may be confounded with the effect of the inter-

vention, i.e. the energy supplementation. However, this sample

selection procedure was not employed in the present study. In the

following chapter, by comparing the group means of many different

attributes of the two groups during the pre-supplementation period,

we can provide another check as to the possible presence of the

regression effect in the present experiment.

Such a comparison, however, does not provide evidence as to the

presence or absence of some of the interaction effects. Non-

significant differences in the group means of the levels of worker

productivity during the pre-supplementation period indicate the absence

of a selection effect. 37 But no evidence is provided whether the two

groups experienced a differential rate of autonomous change

( ton) 38maturat~on • This selection-maturation inter-action effect may be

36Extreme values, at the tails of the distribution, probably contain
the largest measurement errors. Thus, there is a high probability
that on repeated applications of the same instrument, those values
will move towards the population mean. In other words, test-retest
correlation coefficients are never perfect.

37The selection effect refers to a differential recruitment of subjects
making up the two groups, resulting in the two groups being different
with or without the treatment variable being present.

38The maturation-effect refers to the effect of certain intra-respondent
processes which are a function of time (and not of specific events),
like growing older, or being more experienced at a given task.
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present if, for example, one group includes a high proportion of young

and unexperienced workers as compared to the other group. The pro-

ductivity-level of the first group could be expected to increase faster

over time as compared to that of the second group, as the young and

unskilled workers gain experience and improve their dexterity. Thus,

particular attention should be paid to the age-distribution of the two

groups, and differences in the groups' age-distributions would be

indicative of the presence of a selection-maturation interaction

39effect.

The presence or absence of the selection-history, and selection-

testing interaction effects in the present experiment is not as easily

ascertained. For a selection-history interaction effect to be assumed

present, it must be shown that specific events occurred during the

supplementation-period, as well as between the pre-supplementation and

supplementation period (history), which affected one group, but not the

other. A weaker form of this interaction effect might have been present

if both groups were affected by these specific events, but consistently

not to the same degree. When the statistical analysis is presented,

and the results are interpreted, the rival hypothesis represented by

the possible presence of the selection-history interaction effect

will thus have to be considered.

390lder workers may become less productive with time. We are assuming
that skill and dexterity are a function of age. However, with little
labor turnover and mobility this appears reasonable. An attempt was
made to locat.e payroll records fro~ before 1970, in order to see how
many of the sample workers did appear as being employed then as cane
cutters. However, no such records could be located.
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It is assumed that the selection-testing interaction effect was

absent from the experiment. First of all, it appears safe to assume

that the testing effect40 was not always involved, as some of the

evaluation methodology did not actively involve the workers. Examples

are the productivity measurements, evaluation of nutritional status,

and supplementation control. For those measurements in which the

workers (or their spouses) were actively involved (physical fitness

tests, and the dietary surveys), we have no evidence that suggests that

the two groups were chosen so that the testing effect would be greater

41in one group as compared to the other group.

The NeG design has been applied in the present study in the

following way. Five "measurement periods" were established. The first

measurement period represents the pre-supplementation period, and the

remaining four are subsequent periods during which supplementation

took place. The five periods are defined in Table 3.7. 42

40The testing effect refers to the effect on the outcome of the second
test by virtue of having taken the same test previously.

4lThe other two surveys which directly involved respondents were the
worker attitude survey, and the population and housing survey. The
former, however, was applied only once, and after the termination of
the supplementation program. The 1973 and 1974 census were one year
apart, so it is difficult to see how the testing effect might have
operated here.

42The period of one month between the first and second measurement
period represents an "adjustment-period". The data obtained during

o this period are excluded from the analysis. During this period some
logistical problems occurred with the supplementation-program, such
as: (a) the distribution crew being unfamiliar with worker, and work
locations on the plantation, (b) transportation problems, and (c) sev
eral repeated changes in the distribution routine. The 13 week-period
between the second and third measurement periods was the between
harvest periods. As no comparable data were available for the off
harvest season before the initiation of the supplementation program,
the data obtained during this period were also excluded from the analy
sis.
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Table 3.7. Measurement periods of the
Nonequivalent Control Group Design

Measurement Period

1
2
3
4
5

Dates

Jan. la-April 3, 1974
May 2-August 14, 1974
November 14, 1974-February 5, 1975
February 6-April 30, 1975
May I-June 11, 1975

No. of Weeks

12
15
12
12

6

Graphically, the NCG design of this study can be represented as

follows:

where "M" stands for measurement-period, and the subscript refers to

the measurement-period number. "~" and "Xl" stand for high-energy and

low-energy supplement, respectively, and both were applied continuously

during the measurement periods M2 - M
5

.

The data obtained in each measurement period were treated as point

estimates. Data collection of different data areas could never be

perfectly synchronized. Thus, if only one observation per worker was

available, it was taken to be representative for that measurement-

. d 43
per~o • If more than one observation were available, a period mean

43Single observations per period were obtained for dietary variables,
anthropometric measurements, and physical fitness indicators. The
latter two classes of variables can safely be assumed not to change
significantly in the short-run. Studies have shown that in popula
tions with a high degree of diet monotony (as is found among
Guatemalan rural populations), intra-individual variability in dietary
intake, especially in terms of energy intake, is low (Lechtig et al.,
1976; Flores et al., 1965). - -
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was estimated. A period mean was also estimated for those data areas

for which data were continuously obtained, as with the productivity-

and supplementation control measurements. Period means are more

"representative" than single observations, as the process of estima-

ting means reduces the intra-worker variability.

Inter-worker variability for the measurement period variables

must also be considered. The estimated inter-worker variability

reflects both true inter-person variability and measurement error.

In large samples, it is assumed that the mean measurement error is

zero, so that the sample mean equals the population mean. Equally,

we want to know what minimum change in the sample mean reflects a

true change, and is not just due to measurement errors. The allowable

44error of the sample mean tells us what minimum change of the sample

mean can be identified as a true change at a given probability-level.

The smaller the allowable error, as a percent of the mean, the more

sensitive the variable. In Appendix B is presented a complete glossary

of all variables. The allowable errors of the sample means of some

of these variables are presented in Table 3.8. As can be seen the

allowable errors are all relatively small.

44The allowable error equals plus and minus twice the standard error,
assuming the variable is approximately normally distributed, and
ignoring the finite population correction (Snedecor and Cochran,
1967; pp. 516-518).



Table 3.8

Allowable Errors (95% Confidence Limits) of the Sample Means
of Selected Variables of the Nonequiva1ent Control Group Designa

Within Groups Between Groups
Group 1 Group 2 Groups 1 and 2

n=63 n=95 n=158
Allowable % of Allowable % of Allowable

Variables: Error Mean Error Mean Error

A. Productivity Indicators:

1. Mean daily delivery of
cane (100 wts.) 0.6 2.5 0.6 2.4 .44

2. Mean furrow cut per
hour (meters) 1.0 4.9 1.8 7.0 1.2

3. Mean daily total
worktime (minutes) 18.0 4.5 19.7 4.8 14.0

B. Mean daily home energy
intake (kcals/24 hours) 159.3 5.2 147.1 5.1 110.3

C. Mean body weight (kgs.) 1.4 2.7 1.2 2.2 .9

a The mean values are of the pre-supplementation period.

\0
~
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3.2.4.2. Multiple Time-Series Design

The Multiple Time-Series (MTS) design has a greater internal

validity as compared to the NeG design, because of the multiple

observation points before and during the intervention. The treatment

effect in the experimental group can be demonstrated twice, against the

control-group, and against the pre-intervention period for the experi-

mental group. Of all the extraneous variables, the only one which

may still introduce a rival hypothesis in the MTS design is the inter-

action of selection with history, i.e. both groups may not consistently

have been exposed to the same specific events.

In the present study, the MTS design has a more limited applica-

bility than the NCG design. As was previously discussed, the only

time-series available is that of mean daily cane deliveries/week.

This time-series covers one- and a half harvest seasons before

supplementation was initiated, and one- and a half harvest seasons

during supplementation:

Pre-supplementation:

Supplementation:

Harvest-Season

1972/73
1973/74

1973/74
1974/75

Dates

Nov. 1972 - June 1973
Dec. 1973 - April 1974

April - August, 1974
Nov. 1974 - June, 1975

Additional data obtained during each of the harvest-seasons (see

Section 3.2.3.10 above) will allow us to test whether the rival

hypothesis provided by the selection-history interaction effect is valid.

The analysis of the MTS design is presented in Chapter 7 of this report.
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3.2.4.3. External Validity of the Experiment

External validity refers to the degree to which the conclusion

about the effect of the treatment variable can be generalized to other

populations, other research settings, etc. Generalization of results

involves their extrapolation to other populations. Thus, the first

question that must be answered is: to which population? In setting up

the criteria for site-selection, there was an expressed desire to be

able to extrapolate the results of this experiment to a significant

portion of the Guatemalan labor force engaged in agricultural

activities. Yet such an extrapolation is only justified if the same

conditions as were found in the study samples, are also present in

the larger population. A priori then, extrapolation to any population

is impossible, since this condition can never be met. Generalization

of the results to just sugarcane cutters in the general area of

Guatemala where the study took place is, in a strict sense, not

possible: there are bound to be differences in work organization,

managerial talents, environmental conditions, worker attitudes and

motivation, etc. Yet, the closer all conditions found in the study

samples are met by the larger populations, the "safer" an extrapolation

of the results is.

Campbell and Stanley (1966) describe several classes of extraneous

variables which, if not controlled for by the experimental design,

further invalidate the generalization of the results. These variables

involve mostly interactions of the effects described under internal

validity, with the experimental variable. According to Campbell and
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Stanley, both experimental designs of the present study are weak as

far as external validity is concerned.

An interactive effect of testing and the experimental variable may

have occurred in the present study if the pre-supplementation measure-

ments of worker productivity created in the workers an awareness of

their low productivity levels. The effect of energy supplementation in

these workers might well be different than in a similar group that

did not undergo measurement of their productivity. However, some of

the productivity data were obtained from the Company's payrolls,

without the knowledge of the workers. And, as was previously indicated,

the workers were used to being observed while working by their super-

visors, and the field observations and measurements for the present

study were made by the workers' former colleagues. Thus, the inter-

active effect of testing and energy supplementation may well have been

minimal.

The study population was not randomly chosen. Thus, for example,

the daily energy intake of the workers in the study may not have been

representative of daily energy intake levels of cane cutters in

Guatemala. It would appear reasonable to assume that the effect of

providing a fixed quantity of calories, in terms of producing a net

increase in total energy intake, depends in part on the pre-supplementa-

tion level of daily energy intake. Thus, an interactive effect of

selection and energy supplementation may well have been present. 45

45Da t a on mean daily energy intake levels in other rural, male working
populations in Guatemala, suggest that the mean energy intake level of
the workers in this study was above average (Viteri, 1971). Data on
dietary intake collected during the site-selection period tend to
confirm this.
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From a previous discussion it will be remembered that the period

of the study coincided with a period of rapidly increasing prices of

sugar (and of sugarcane) in the international market. This created

a set of conditions in the sugar industry in Guatemala which can be

termed atypical. Repercussions were also found on the study planta-

tion, in that, it produced changes in work routines for the workers,

46for example. Thus, we are probably faced with an inter-active effect

of history and the experimental variable: the effect of energy

supplementation on worker productivity found in the present study, is

only valid for periods when the Guatemala sugar industry experiences

rapid increases in the market price for sugar.

Lastly, the workers who participated in the study knew that they

were involved in an experiment. They had been told that their parti-

cipation and cooperation was important because, what might be learned

from the results of the study, could have great importance for their

colleagues in other parts of Guatemala. The very presence of the

study-team created an awareness that something "special" was going on.

These effects are usually unavoidable in studies in which interaction

by the project staff with the study subjects is required. But they do

give the experimental setting a certain degree of unrepresentativeness

that must be borne in mind.

46The implications of these repercussions for the present study are
detailed further in Chapter 7 of this report.
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CHAPTER 4

Description of the Worker Samples

This chapter has two purposes. First, we shall test the degree

to which the two worker groups were matched during the pre-supplementa

tion period. Selected social, physical, dietary and productivity

variables are used as matching attributes. The social indicators are

assumed to be exogeneous, in the sense,that they are assumed not to be

affected by the intervention program. The remaining variables are

endogeneous in the study's analytical framework. In terms of the

previous discussion, the closer the two groups were matched, the

closer the experimental design of the study becomes a true experimental

design (PPCG design). If indeed the two groups were closely matched,

the regression- and selection effects, as well as some aspect of the

selection-maturation interaction effect, can be ruled out as providing

rival hypotheses for the interpretation of the results.

The second purpose of this chapter is to compare our samples of

sugarcane cutters to sugarcane cutters in other countries for which

comparable data are available. For this purpose, we rely upon data of

some of the previously discussed studies which involved sugarcane

cutters in Colombia (Spurr, et al., 1977; Spurr, et al., 1975), in

Jamaica (Heywood, 1974), in Rhodesia and Australia (Morrison and

Blake, 1974) and in Tanzania (Davies, 1973). The purpose of this

comparison is not to extrapolate eventually the results of this study

to these populations. Such an exercise would be completely invalid,

because of vast inter-country, and inter-population, differences which
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must exist in environmental conditions, work organization and manage

ment, economic incentives, socio-cultural factors, and, as the follow

ing comparison will demonstrate, in nutritional status and productivity

levels. We include the cross-country comparison merely to provide a

wider perspective to the present study, and to point out that different

relationships among explanatory variables of worker productivity may

exist among sugarcane cutters in other countries.

The group of workers who were eventually offered the high energy

supplement are designated here the "HES Group", and the group who

eventually received the low energy supplement the "LES Group".

4.1. Social Characteristics

The selected social indicators presented in Table 4.1 demonstrate

that the two worker groups can be characterized as quite similar.

The majority of the workers were heads of households. Not all

heads of household were married,l as shown by the fact that the percent

of married workers is lower than the percent of workers who are heads

of households. This may have importance in that, single workers

without family may exhibit different time preferences, and may respond

differently to economic incentives, as compared to married workers with

a family.

The workers were also characterized as to their ethnic background,

using several criteria, such as: (a) last names, (b) type of clothing,

lIncludes both legal and common law marriages.



Table 4.1

Comparison of Selected Social Characteristics of the Two Worker Groups
Pre-Supplementation Period

-Relative Frequency Distributions (%)-

1.

2.

3.

4.

5.

6.

LES GROUP HES GROUP DIFFERENCE BETWEEN GROUPS
SOCIAL INDICATOR: n=59 n=92 X2 d.f. significanta

Family Position:
a. Head of household 76.2 83.7
b. Son of head of household 13.6 12.0
c. Other 10.2 4.3 2.185 2 no
Marital Status:
a. Married 64.4 78.3
b. Single 35.6 19.6
c. Widower 0.0 2.2 5.913 2 no
Ethnic Background:
a. Westernized 94.9 97.8
b. Indigenous 5.1 2.2 .888 1 no

Born in the same community 50.8 64.1 2.649 1 no

Knows how to read/write 52.5 40.2 2.220 1 no

Years of formal schooling
completed:
a. None 76.3 77.2
b. One 1.7 5.4
c. Two 11. 9 10.9
d. Three 10.2 4.3
e. Four or more 0.0 2.2 4.424 4 no

a
p < .05

Source: Population Census, INCAP, August 1973 .....
o.....
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(c) language most often used, and (d) certain customs in the home. The

basic distinction is made between indigenous and westernized ("ladino"),

and represents a socio-cultural classification rather than a racial

one. "Ladinos" usually have at least one Spanish surname, wear western

clothing, use Spanish as the main language and at home sleep in beds or

2
hammocks, and cook on raised platforms. More importantly, these

indicators reflect the adoption of western, non-traditional views and

perspectives. Our two study communities, and two worker groups can

properly be characterized as being "ladino". Adinolfi and Klein (1972)

undertook a study in several (different) communities in Guatemala to

determine the value orientations of uladino" subsistence farmers.

Their conclusions were that: (a) the farmers generally felt subjugated

to nature, (b) they demonstrated a tendency towards a preference of

individualism in inter-personal relationships, (c) they tended to

stress the present over the past and the future, and (d) they valued

doing (= constructive activities) considerably higher than being

(= leisure, and doing what one wants). The latter two values may have

special importance for our study, since they may indicate, ~ priori,

how workers may respond to economic incentives. A short time-horizon

implies a high preference for investments with short pay-off periods.

Consequently, there may exist little interest in making investments

aimed at improving the physical and social conditions of future genera-

2Indigenous persons usually have Indian surnames, wear Indian clothing,
speak mostly an Indian dialect, and sleep and cook on the floor.
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tions. Increases in workers' earnings may be spent on consumer

durables rather than on improving, for example, nutritional and health

conditions for themselves and their families.

On the other hand, the higher perceived marginal psychic benefits

of productive activities over leisure, may indicate that an increase

in productive capacity of the workers leads to an increase in productive

activities (= worker productivity). We should be cautious, though,

about this inference since it is only based upon psychic benefits,

and leaves monetary benefits out of consideration. Also, the

communities in which the study was undertaken, though "ladino", have

many different socio-economic aspects from our study communities, thus,

those findings may not necessarily hold in the latter.

More than half of the workers were still living in the same

community where they were born. This indicates a relatively low

degree of population movement and of labor turnover. More importantly,

since sugarcane cutting and loading, and canefield maintenance are the

main work activities undertaken by the labor force of the two communi

ties, we can be certain that most workers at the time of the study, had

a great deal of experience in those activities.

As was to be expected, educational attainment of the workers in

general is low. A somewhat higher percentage of the LES Group workers

reported to be able to read and write as compared to the HES Group

workers. Nevertheless, fully seventy-five percent of the workers in

each group reported not having completed the first year of primary

school. We may speculate as to the importance of the lack of formal
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education within the context of the present study. If we assign

education the specific role of improving worker productivity, we can

expect little pay-off in the actual occupations held by the workers.

On the other hand, if education has the general role of reducing

ignorance, of widening perspectives, and as a means towards socio

economic improvement, then the lack of education becomes much more

serious. In societies in which the male head of household is the

chief decision-maker in all matters related to the family,3 his lack

of education will have consequences for all members of his family.

In summary, Table 4.1 tells us that there exists no significant

differences between the two worker groups in respect to their social

characteristics.

4.2. Physical Characteristics

In agricultural, non-mechanized occupations, physical attributes

of the workers may be important determinants of their productivity.

The physical attributes which were considered in this study are:

(a) body composition measures as indicators of nutritional status

(present and past), and (b) physical fitness measures. Some of these

indicators may be age-determined. The results in Table 4.2 indicate

that no significant differences in age distribution, and in mean and

median age existed between the two groups. The HES Group exhibited

a somewhat wider range in age than the LES Group.

3Thi s is also the case in our study communities.
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TABLE 4.2

Age (as of January 1, 1974) of the two worker groups:
Relative frequency distribution, mea" median and range

LES Group RES Group

Age
Za Za

group:

< 25 21.0 14.7
25 - 34 38.7 40.0
35 - 44 17.7 24.2
45 - 54 19.4 12.6

> 55 3.2 8.4

Mean
(Stand. dev.)

Median

Range

a 2X = 3.60; p > .05.

b
p > .05.

34.4b

(10.2)

32

21 - 55

35.5b

(11. 5)

32

17 - 73

Source: Population census, INCAP, August 1973.

Anthropometric measurements were taken during the pre-supplementa-

4tion period in a sub-sample of each worker-group. In the previous

chapter, we briefly discussed the anthropometric indicators used in

the study. Thus, height, weight, upper arm and leg circumferences are

indicators of body dimensions. Tr~cipital skinfold is an indication of

4The reason why anthropometric measurements were taken in subsamples
instead of the complete samples, was previously explained.
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fatty tissue, and thus, of energy stores. The same holds true for the

weight for height indicator. Upper arm circumference corrected for

adiposity serves as an indicator of muscle mass, ignoring individual

differences in the bone size. The results presented in Table 4.3

indicate that there did not exist significant differences in the mean

values of the anthropometric indicators of the two groups, with the

exception of the mean values of leg circumference. 5 Both groups were,

on the average, deficient in their weights in relation to their heights,

using the standards for adult males published by Jelliffe (1966).

There was no significant difference in the distribution of the two

groups by percent-deficiency intervals « 85%; 85-94%; ~ 95%.6 Thirty-

eight percent of the workers in the two subsamples combined had a

weight at 85 percent or less of their reference weight. It seems safe

to conclude that the energy stores of the workers generally were at a

.. 7ml.nl.mum.

In Table A.4.l of Appendix A are presented selected anthropometric

indicators of sugarcane cutters from six countries. A comparison shows

that the Guatemalan sugarcane cutters of the present study generally

5The difference in group means of leg circumference was only barely
statistically significant at the .05 level.

6 2X = 3.37; df = 2: p > .05.

7Minimum energy stores may have both positive and negative implications
for worker productivity. Too much fatty tissue may interfere with
body movements, thus reducing the mechanical efficiency of cane
cutters. On the other hand, the absence of energy reserves means that
the level of energy expenditure wholly depends on the current level
of energy intake--sudden increases in energy demand cannot be sustained
for any length of time.



Table 4.3

Comparison of the Physical Characteristics of the Two Worker Groups
Pre-Supplementation Period

Means (± Standard Deviation)-

LES GROUP RES GROUP
ANTHROPOMETRIC INDICATOR: n=40 n=47

1. Height (cm) 160.4 (± 5.8) 159.0 (± 6.4)

2. Weight (kgs) 52.6 (± 5.4) 53.5 (± 6.0)

3. Weight/height (kgs/cm) .33(± .03) .34(± .03)

4. Weight for height (%) 86.5 (± 6.4) 89.4 (± 7.4)

5. Upper arm circumference (rom) 251. 3 (± 14.4) 258.1 (± 19.2)

6. Tricipital skinfo1d (rom) 4.6 (± 1.6) 4.8 (± 1.6)

7. Upper arm circumference,
corrected for adiposity (cm) 7.5 (± .4) 7.7 (± .6)

8. Leg circumference (nun) 319.3 (± 19.1) 327.2 (± 17.5)

a
p < .05

Source: Anthropometric examinations, INCAP, April-December, 1973

DIFFERENCE BETWEEN GROUPS
t* significanta

1.061 no

.729 no

1.546 no

1.923 no

1.841 no

.580 no

1.794 no

2.010 yes

I-'
o
.......



108

are shorter, and weigh less, than their counterparts from the other

countries. Body weights of the Colombian, Jamaican and East-African

sugarcane cutters, when standardized for height, are higher as compared

to that of the Guatemalan cutters. The Jamaican sugarcane cutters also

have larger upper arm circumferences, and slightly more fatty tissue,

as compared to the Guatemalan cutters. Generally then, sugarcane

cutters from other countries exhibit a better body composition than

Guatemalan cutters.

Iron-deficiency anemia seems to be a minor nutritional problem

of sugarcane cutters in Colombia, Jamaica and Guatemala. For the

Guatemalan cutters the mean PCV values fall somewhat short of the

value established by Viteri et ale (1972) for zero-risk groups in

Guatemala, as shown in Table A.4.2 of Appendix A.
8

Iron-deficiency

anemia has important consequences for energy-demanding activities. It

decreases the oxygen-carrying capacity of the blood, and thus, reduces

the individual's physical capacity to undertake strenuous activities

for a prolonged period of time. However, marginal iron-deficiency

anemia, as is exhibited in some of the cutters, has probably a

negligible effect on their physical capacity.

The physical fitness indicators used in this study were previously

discussed in detail. Suffice here to repeat that the greater the

8The zero-risk PCV value for the 21-49 age-group (males) is 46.0
(± 3.9); for the 20%-risk group it is 42.1, thus on the average, the
two Guatemalan groups run a zero-to-20 percent risk of having iron
deficiency anemia. The normal PCV values for Colombia and Jamaica
may be somewhat different from those established for Guatemala.
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oxygen uptake at a given pulse,the more fit the person is, ceteris

paribus. Age, sex, body composition, physical training, nutritional

history, and environmental factors are all regarded as determinants

of physical fitness. Mean values of the physical fitness indicators

9for two sub-samples are presented in Table 4.4. No statistically

significant differences between the sub-sample means were shown.

Admittedly, the two sub-samples are small, casting doubt on their

representativeness of the complete samples. Nevertheless, the mean

body weight and median age of each sub-sample are not significantly

10different from those of the complete sample.

In Table A.4.3 (Appendix A) we compare the mean maximal aerobic

power of our two sub-samples with that obtained with sugarcane cutters

in other countries. Such a comparison lacks scientific rigor because

test conditions and measurement methodology were not standardized.
l l

Bearing this short-coming in mind, we note that the maximal aerobic

power of our sub-samples is generally lower than that of the other

samples. However, the lower body weights of our sub-samples seem to

9The reason why physical fitness tests were performed in sub-samples
instead of in the complete sample, was previously indicated.

Subsample 1 (n=23) Subsample 2 (n=26)
Mean body weight (kgs.) 51.7 (±4.4) 53.7 (±6.3)
Median age (yrs.) 32.5 31.0

llA bicycle ergometer was used in the tests performed by the Guatemalan
and Tanzanian cutters, a treadmill by the Colombian cutters, and a
stool by the Rhodesian and Australian workers. The maximal aerobic
power of the Colombian cutters was estimated by maximal work tests.
Submaximal work tests were used in the determination of maximal aerobic
power of the other samples.



Table 4.4

Comparison of the Physical Fitness Indicators of the Two Worker Groups
Pre-Supplementation Period

-Means (± Standard Deviations)-

PHYSICAL FITNESS INDICATOR:

LES GROUP

n=23

HES GROUP

n=26

DIFFERENCE BETWEEN
GROUPS

t* significanta

1. Oxygen uptake at heart-rate of 196,
adjusted for age (max. aerobic
power) (l/min)

2. Oxygen uptake at heart-rate of 150
(l/min)

2.58

2.00

(±.63)

(±.37)

2.57

1. 95

(±.47)

(±.34)

.063

.493

no

no

3. Regression coefficient of oxygen
uptake on heart-rate (cc/beat)

4. Oxygen uptake at heart-rate of 196,
adjusted for age and body weight
(l/min/kg)

5. Oxygen uptake at heart-rate of 150,
adjusted for body weight (limin/kg)

a p < .05

.0186 (±.0056)

.050 (±.012)

.039 (±.008)

.0190 (±.0045)

.048 (±.008)

.036 (±.006)

.277

.693

1.496

no

no

no

Source: Physical fitness tests, INCAP, April 1974

I-'
I-'
o
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account for most of this difference for, the mean maximal aerobic power

per kilogram of body weight of all samples is quite similar. 12 The

hypothesis which is implicit in the data of the sugarcane cutters from

Colombia and Tanzania is that the productivity of these workers is

related to their maximal aerobic power. In the last column of Table

A.4.3 (Appendix A), we look at mean oxygen uptake as a percent of

maximal aerobic power, sustained when working. Again, the comparison

is not completely valid for, as we shall see in section 4.4 of this

chapter, the work tasks of all samples were not the same. We note

that our sub-sample 2 workers tended to sustain a lower percent of

their maximal aerobic power while working than did sub-sample 1

13workers. Given the same body composition, age and physical fitness

characteristics of the two groups, this can be interpreted as a

difference in intensity of work performance. We shall return to this

point in section 4.4. It would appear that sugarcane cutters in

other countries generally sustain a higher percent of their maximal

aerobic power at work than the Guatemalan cutters. In addition to

14differences in work tasks, differences in body composition, age,

motivation, work management and organization, and environmental factors

may be responsible for differences in oxygen uptake as percent of

maximal aerobic power sustained while working.

l2In spite of the difference in age groups.

l3p > .05.

14The Guatemalan cutters both cut and load cane, whereas sugarcane
cutters in Colombia, Jamaica, Rhodesia, Australia and Tanzania only
cut cane. As we saw previously, loading cane has a slightly lower
energy requirement than cutting cane.
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4.3. Dietary Intake

The main independent variable of the present study is daily energy

intake of the workers. But other components of the daily diet are also

important, such as protein and iron intake. Energy intake must be

related to a person's sex, age, physiological condition, body

composition, environmental conditions and his/her total daily activity-

level. Protein intake in adults is important to allow for normal

tissue turnover and replacement and iron intake determines the oxygen-

carrying capacity of the blood because iron is part of the hemoglobin

molecule. The three just-mentioned components of the daily diet have

the greatest relevance to work performance in physically strenuous

activities.

In Table 4.5 we consider the mean daily intakes of energy, protein,

animal protein and iron of two sub-samples during the pre-supplementa-

tion period. No statistically significant differences existed between

the sub-sample means.

Turning to the question of adequacy of the daily diet, it is

clear that mean protein intake is considerably higher than that

recommended by INCAP for male adults in Central America. 16 Daily iron

intake seems to fall short of that recommended. It is estimated that

from 3 to 5% of the ingested iron is absorbed by our study population,

because of the low meat intake. 16 With a mean daily intake of iron of

l5I NCAP recommends a daily intake of 0.95 grams per kg. of body weight
for male adults over 18 years of age. The average body weight of our
workers was about 53 kgs, resulting a total daily protein-intake
requirement of 50 grams. See INCAP (1973), Table II, p. 10.

l6personal communication from Dr. Fernando E. Viteri.



Table 4.5

Comparison of the Dietary Intake of the Two Worker Groups:
Pre-Supplementation Period

-Means (± Standard Deviations)-

DIETARY INTAKE:
LES GROUP

n=36
RES GROUP

n=67

DIFFERENCE BETWEEN
GROUPS

t* significanta

19.1 (± 9.9)

20.0 (± 15.7)

86 .4 (± 24. 9)

15.0 (± 16.1)

no

no

no

no

.247

1.517

1.065

1.048(± 717)

18.7 (± 6.5)

81.3 (± 22.2)

2899(± 632)3048
1. Energy

(kca1s/24 hours)

2. Protein
(gms/24 hours)

3. Animal Protein
(gms/24 hours)

4. Iron
(mgs/24 hours

a p < .05

Source: Dietary Surveys, INCAP, February and April, 1974

I-'
I-'
W
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±19 mgs., this results in .57 to .95 mgs. of absorbed iron daily.

INCAP recommends .9 mgs. for male adults in Central America.
17

This

small deficiency of iron intake of our workers was thus underscored by

our earlier finding about the marginal degree of iron-deficiency anemia

in the same workers.

Lastly, we consider the adequacy of the mean daily energy intake

of our workers. The daily energy requirement is derived by taking body

weight, and using an energy requirement coefficient of 62 kcals. per

18
kg., which is indicated for exceptionally active adult males.

Considering Table A.4.4 (Appendix A), we note that, on the average,

daily energy intake was more deficient in the HES Group during the pre-

supplementation period. This is due to the fact that their mean body

weight is slightly higher and ;:hat mean daily energy intake was some

19what lower as compared to LES Group workers. The mean daily energy

intake of the Colombian cutters equaled that of our Guatemalan groups,

but the former generally weighed more, thus, the deficiency of their

energy intake was greater. The mean daily energy intake of the Jamaican

groups was substantially higher as compared to the Guatemalan and

Colombian cane cutters and they also featured a high mean body weight.

Nevertheless, the Jamaican cane cutters cannot be characterized as

having on the average, an apparent deficient energy intake.

l7I NCAP (1973), Table III, p. 13.

l8See INCAP (1973), Table I, p. 6.

19we should bear in mind that the differences in the group means of
body weight and of daily energy intake were not found to be
statistically significant.
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4.4 Worker Productivity

Most of the productivity indicators presented in Table 4.6 were

defined in the previous chapter. We have grouped the productivity

indicators in four categories which we have labeled: (a) output

indicators, (b) work time indicators, (c) energy expenditure indica

tors, and (d) other indicators. The comparison of the two worker

samples during the pre-supplementation period reveal some interesting

differences. Mean daily cane deliveries, and consequently, mean

weekly gross earnings, were not significantly different. However, this

finding masks some significant differences in the time allocation

among different work activities and in the energy cost of producing the

daily output. Both groups worked 6 days a week. But the LES Group

spent on an average day significantly more time cutting sugarcane,

and significantly less time loading cane, as compared to the HES

Group. Classifying all activities during work in: (a) high energy

cost activities (cutting and loading), and (b) low energy cost

activities (eating, resting, getting water, sharpening machete, and

waiting for a cart or tractor), we note that the LES Group occupied a

significantly greater proportion of their total work-time in high

energy cost tasks. We are lead to conclude that:

(a) RES Group workers were more efficient cutters, which is

also shown by the fact that, on the average, they cut a

greater length of furrow per hour, as compared to the LES

Group workers;



Table 4.6

Comparison of the Productivity Indicators of the
Two Worker Groups: PLe-Supplcmentation Period

n Means (± Standard Deviation)

PRODUCTIVITY INDICATOR: N ...·!eaJ N
RES GROUP
Xean :l:5D

DIFFERENCE BETWEEN
GROUPS

t* significantd

A. Output indicators:
1. !'lean daily cane deliveries

(100 wts) 62
2. Mean weekly gross earnings

($) 63

24.1

10.32

2.4 88

2.11 95

24.5

10.24

2.9 0.89

2.26 0.22

no

no

..........
0'

yes

yes
no

yes

no

yes

no
yes
yes

no

1•• 15
1.21

8.9
0.49

0.43 3.21

0.94 0.12

14.4 2.1!j.

13.8 1•• 02

96 0.64
75 4.01
55 2.79

381 0.79

3.70

6.03

25.7
2.48

79.5

60.9

413
186
155

1539

52
47

3.9
0.42

0.34 56

1.11 95

8.7 52

14.9 53

71 56
49 53
47 57

314 57

3.93

6.01

20.4
2.37

66.8

88.4

403
233
128

1590

59
54

D.

B. Work-time indicators:
1. Mean number of days

wo rked Zweek 63
2. Mean daily total work-time

(mins) 61
3. Mean cutting time/day (mins) 61
4. Mean loading time/day (mins) 55
5. Cutting and loading

timeftota1 wo rk-ct Ime (%) 55

C. Energy expenditure indicators:
1. Mean energy expenditure at

work/day (keals) 61
2. Energy expended at

\'lork/min (kcals) 61
3. Energy expend~d per 100 wt.

of cane delivered (kca1s) 61

Other indicators:
1. Length of furrow cut per

hour (meters)
2. Work quality index

a
p < .05

Sources: Company payroll data, January-April 1974
Field work measurements, INCAP, January-April 1974
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(b) HES Group workers either were less efficient loaders, or

compensated for their more intensive way of cutting by

1 d o 1 ° ° 1 20oa 1ng ess 1ntens1ve y.

(c) On the whole, HES Group workers needed less time to cut and

load in order to produce the same daily output, but spent a

greater proportion of their total daily work-time in low

energy cost activities, which may also point to a compensating

behavior for their more intensive way of cutting.

These differences in time allocation among different work

activities are also reflected in the energy cost of producing the daily

output. Mean total energy expenditure at work was the same for both

groups. Mean energy expenditure per minute at work was significantly

different for the two groups, reflecting principally that HES Group work-

ers on the average spent a larger proportion of their total work-time

in low energy-demanding activities. On the whole, we may conclude

that HES Group workers were more efficient: they needed to invest less

energy per unit of output, as compared to their fellow workers from

the LES Group. This result could also have been due to differences in

the age-distribution, or in the body compositions of the workers from

both groups. However, as we saw earlier, no significant differences

existed, on the average, in these parameters.

A second possible explanation may be that HES Group workers were

assigned during the pre-supplementation period to canefields which:

20The distinction here is between inherent ability, and purposeful
behavior, though the end result is the same, i.e. lesser efficiency.
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(a) generally had a different cane yield per land unit, and/or,

(b) generally had physical characteristics which made cutting easier,

as compared to the canefields to which LES Group workers were

assigned. Elsewhere we have discussed two indices, MFYIELDl and

MFIELDl (see Appendices B and C). The first index represents an

average of cane yields per land unit of the canefields to which

workers, who were observed, were assigned. The second index summarizes

certain physical features of those same canefields, with each parti-

cular feature weighted according to its estimated effect on worker

productivity. In Table 4.7 are presented the group means of both

indices for the pre-supplementation-period.

Table 4.7

Comparison of the Field Characteristics and Yields of the Fields
to which the Two Worker Groups were Assigned; Pre

Supplementation Period

t*

n, Means (± Standard Deviation)
LES GROUP HES GROUP

n Mean (± SD) n Mean (± SD)

DIFFERENCE BETWEEN
GROUPS
. .f. asl.gnl. l.cant

MFYIELDl
(tons/.7
hectares)

MFIELDl

a
p < .05.

55

54

78.4 (5.3)

24.3 (8.8)

55

36

62.7 (14.3)

28.9 (13.3)

7.596

1.974

yes

no

Source: Field work measurements, INCAP, January-April, 1974.
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In general, LES Group workers were assigned to higher yielding

canefields during the pre-supplementation period, as compared to HES

Group workers. The difference in mean physical features' scores of

the canefields to which workers from each group were assigned, was

marginally significant (p < .06). The MFIELD index was so constructed

that the lower the score, the more conducive the physical conditions

of the canefield (on a net basis) were for cutting cane (see Appendix

C), and the latter results are thus consistent: the group mean of

MFIELD was higher for HES Group workers. However, with the HES Group

workers generally assigned to lower yielding canefields, it is

difficult to account for the fact that they spent less time cutting,

on the average, as compared to LES Group workers. We shall explore

the relationship between the physical conditions and yields of

different canefields, and the productivity of the cane cutters in

more detail in a later chapter.

We proceed now to compare the productivity-levels of the

Guatemalan cutters with the reported productivity of cane cutters in

other countries (Table A.4.5; Appendix A). But first it must be

pointed out that there are significant differences in the tasks which

cutters in different countries perform. In Guatemala, the sugarcane

21cutters cut and load cane which is normally unburnt. In Colombia,

2l"Spontaneous" burning of cane does occur, in which case the
Guatemalan cutters are assigned to cut burnt cane, however, the
usual practice is of what Morrison and Blake (1974) refer to as
"trashing", cutting of unburnt cane.



Because of these different practices, a comparison between
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Jamaica, Tanzania and sometimes in Rhodesia, cutters only cut sugarcane,

which is normally not burnt first. The data reported for the small

Australian sample is for cutting sugarcane which has been burnt

first. 22

cutters from different countries is not quite valid. But even if we

23
double the mean productivity-levels of the Guatemalan cutters, we

note that their daily production would equal that of what were

characterized as "low producers" in the Colombian and Tanzanian

studies. And if we double the daily production of the highest producers

of the Guatemalan samples (approx. 3 tons/day), this level of daily

production still only approximates that of the Colombian and Tanzanian

average producers, and does not come near to that of the mean daily

production of Jamaican cutters. We can only speculate as to the

possible reasons for these inter-country differences: (a) body

composition, (b) motivation, (c) work management and organization,

(d) mechanical efficiency,24 (e) environmental factors (terrain

conditions, altitude, temperature, humidity, etc.). Nevertheless,

22Morrison and Blake (1974) do not indicate in their article whether the
prior burning of cane is the usual practice in Australia.

230n the assumption that if the Guatemalan cutters did not have to load
cane, they could cut twice as much cane a day. The estimated energy
requirement for cutting and for loading was approximately the same
for these workers, and they spent roughly half their time in cutting,
and half in loading.

24For example, Morrison and Blake (1974) attribute the marked difference
in daily production of the Rhodesian and Australian cutters to:
(a) the better designed and sharper knife used by the Australian
cutters, (b) the cutting technique whereby the Australian cutters
handle seven stalks at a time, whereas the Rhodesian cutters only two,
and (c) the more upright stance assumed by the Australian cutters.
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we can characterize the Guatemalan cutters as having a low level of

productivity.

4.5. Summary

The two worker samples of the study were compared during the pre

supplementation period using selected socio-demographic, physical,

dietary and productivity variables. No significant differences in the

group means of the first three classes of variables were found. Mean

daily productivity-levels were also found to be the same, but there

were significant differences in the allocation of time among different

work activities. This was also reflected in group differences in

mean energy expenditure per minute at work, and in the energy cost of

an unit of output delivered. Group differences in the assignment to

canefield sections with different physical characteristics may have

been responsible for this. In the latter case we have some evidence that

the selection-history interactive effect might have been present.

Generally, it would appear that the presence of the regression-,

selection-, and the selection-maturation effects can be ruled out.

The Guatemalan sugarcane cutters of the present study appear to

have a low level of worker productivity in comparison with that of

their colleagues in other countries. The differences in body

composition, in maximal aerobic power, and in energy intake levels may

lend themselves to hypotheses that state that these differences

explain the different levels of worker productivity. But again, to

make such hypotheses more complete requires the inclusion of environ

mental, socio-cultural, and attitudinal variables.
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CHAPTER 5

The Effectiveness of the Energy Supplementation Program

A first test of the main hypothesis of the study is provided by

the degree to which the energy supplementation program was effective

in raising daily energy intake levels of the high-energy supplement

(HES) group. If present levels of daily energy intake impose

limitations on daily energy expenditure-, and activity-levels, we

would expect the energy supplementation program to produce a net

increase in daily energy levels, ceteris paribus. In other words, the

findings will support the hypothesis if the energy supplementation

program significantly raised the daily energy intake levels of the

HES workers, without producing a change in their body energy stores.

5.1. Supplement Intake

During the fourteen and a half months of supplementation, the

mean total supplement intake of the HES Group was slightly lower than

that of the LES Group, as shown in Table 5.1. More importantly, the

inter-worker variability in supplement intake was greater for the HES

Group. The same result is obtained for mean supplement intake per

fortnight during the indicated period. Thus, HES Group workers

generally consumed fewer supplements as compared to LES Group workers.

Also, there were greater differences among HES Group workers in the

number of times they consumed a supplement.

From the results presented in Table 5.2 it appears that the

variability of supplement intake within workers was greater than the



Table 5.1

Supplement Intake During the Supplementation Period:
April 4, 1974-June 11, 19751

Mean (± Standard Deviation), Coefficient of Variation, and Median

LES GROUP RES GROUP
n = 592 n = 852

Mean(:l::St .Dev . ) C.v. ('70) Med. Mean(:l:St. Dev.) C. V. (%) Med.

1. Total supplement
intake 504.8(38.8) 7.7 514 488.0(59.3) 12.1 501

2. Mean supplement
intake/fortnight a 7.6 18.3 a 12.6l8.l( 1.4) 17.4( 2.2) 18.0

a p < .05

lExcludes one month of records which were unexplainably lost.

2Excludes workers for whom there were missing records during this period.

I-'
N
W
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variability among workers. Intra-worker variability of supplement

intake was slightly higher in the RES Group, but not significantly so.

On the whole, both inter-, and intra-worker variability were low for

both groups, showing a fairly consistent pattern of supplement intake.

We may hypothesize as to the reasons for the difference in the

inter-worker variability between the two groups. This difference may

be indicative of an inter-active effect of selection and the energy

supplementation program, thus, reducing the external validity of

the experiment, as was previously discussed. Before supplementation,

mean energy intake levels of both groups were the same, though the

RES Group showed greater inter-worker variability as compared to the

LES Group (coefficients of variation were 24.7% and 20.7%, for the RES

and LES Group, respectively (Table 5.3). In the next section we shall

look in detail at the interaction between daily energy intake and

supplement intake. The greater inter-worker variability of the before

supplementation, daily energy intake in the RES Group may explain the

greater inter-worker variability of the supplement intake of this

group.

Alternatively, the attitudes of the workers towards the supple

mentation program, and/or the study as a whole, may have affected

their supplement intake. Workers with negative feelings towards the

program may have been more prone to drop out of the program, either

permanently or periodically, or to accept the supplement less often.

Thus, the RES Group may have had a higher proportion of workers with

negative feelings towards the supplementation program, which may



Table 5.2

Intra-worker Variability of Supplement Intake:
Coefficients of Variation of Supplement Intake/Fortnight,

April 4, 1974-June 11, 1975
Relative Frequency Distribution, Median and Mean

125

Coefficient of variation (%):

10.0 - 14.9
15.0 - 19.9
20.0 - 24.9
25.0 - 29.9

> 30.0

Median
Mean

2X = 5.910; p > .05

LES GROUP
n = 59

%

35.6
28.8
11.9
10.2
13.6

100.0

16.8
20.7

RES GROUP
n = 85

%

18.8
38.8
11.8
9.4

21.2
100.0

18.5
25.2
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account for the greater variability of supplement intake among the

HES Group workers. This hypothesis is, however, not supported by a

comparison of the distribution of responses of both groups to selected

questions of the worker attitude questionnaire (see Appendix A,

Table A.5.l). Differences did exist among the two groups in their

responses to various questions, but none of these differences were

statistically significant. A high percent of the workers in both

groups reported taking the supplement every day. Of the few workers

who reported not taking the supplement every day, a much higher

proportion of the LES Group workers reported that the reason was that

they did not like it, or that it made them ill. Of those who reported

taking the supplement every day, there were no significant differences

in the distribution of responses among the various reasons. More than

half of the workers in each group related the reason why they were

given the supplement to the type of work they perform. Relatively

few workers thought that they were merely test-subjects, which would

have been indicative of negative feelings towards the program. "I

don't know" responses are always difficult to interpret, and may be an

expression of indifference. Responses to the question who, the

workers thought, was bearing the costs of the supplements, may be

indicative of the extent to which ulterior motives of the program

were suspected by the workers. For example, those workers, who

thought that the plantation company was paying for the supplements,

may suspect that the Company was trying to get more work out of them,

and thus, they would have resented the program. Many of the workers may
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not have suspected ulterior motives, as reflected by the high percen

tage of workers who responded "I don't know". The responses to the

question why the workers thought that information was being collected,

were not particularly revealing, though the workers may have hesitated

to express what they thought were the real reason(s).

In summary, there are no reasons to believe that the two groups

differed in general in their feelings and attitudes towards the

supplementation program or the study itself. This finding thus lends

no support to the hypothesis that the greater inter-worker variability

of the supplement intake by the RES Group workers can be explained by

group differences in these feelings and attitudes.

5.2. Energy Supplementation and Total Energy Intake

It was previously shown that both groups tended generally to be

deficient in their daily energy intake before the supplementation

program was initiated. Fifty-two percent of the LES Group workers and

sixty-nine percent of the RES Group workers, were on a daily energy

intake below their daily energy requirement. A priori, we would

expect the mean daily energy intake of the RES Group to increase with

energy supplementation. We would also expect the inter-worker varia

bility to decrease among the RES Group workers: energy deficient

workers would be expected to increase their total energy intake with

supplementation, and workers in adequate energy intake would be expected

to substitute supplement calories for home intake calories. Thus, we

would expect an inverse relationship in the RES Group between the

level of daily energy intake before supplementation, and the change in
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daily energy intake during supplementation. Changes in the daily

energy intake of the LES Group workers should be unrelated to their

level of daily energy intake before supplementation.

Mean daily energy intakes of both groups during the supplementa-

tion period are presented in Table 5.3. The daily energy intake

derived from the high energy supplement was estimated as follows. l

For the months during which dietary surveys were done, the total

supplement intake of each worker was multiplied by 350 kcals, the mean

calorie content of the supplement. The monthly total of calories

obtained from the supplement was averaged over the number of days of

the month. The daily energy intake from the supplement was then added

to the daily home energy intake as estimated from the dietary survey

data.

The mean energy intake level of the LES Group tended to decline

during the second half of the supplementation period (Table 5.3),

suggesting that extraneous factors may have contributed to the decline

in home energy intake. One such factor may have been increased food

prices. The trend during the supplementation period in the prices of

some food-items which constitute major sources of energy intake in the

study communities, pointed to both a general upward in prices and

lThe daily energy intake from the low energy supplement was not added
to the home energy intake of the LES Group workers because of the
negligible calorie content of the supplement.



Table 5.3

Daily Energy Intake During the Supplementation Period by Group
Mean (± Standard Deviation) and Coefficients of Variation

LES GROUP RES GROUP
Months of Rome Energy Intake Rome Energy Intake Total Energy Intake
Supp1e- (kea1s/day) (kea1s/day) (kea1s/day)
mentation Mean (:1St. Dev. ) C.v. (%) Mean (;l:St. Dev.) C.V. (%) Mean (:1St. Dev.) C.V. (%)

0 3048 (± 632) 20.7 2899 (± 717) 24.7
36 67

3 3230 (± 841) a 26.0 2767 (± 722)a 26.1 3276 (± 745) 22.7
31 57 56

7 3011 (± 832)a 27.6 2678 (± 689)a 25.7 3103 (± 698) 22.5
49 76 76

10 2865 (± 837) 29.2 2600 (± 770) 29.6 2961 (± 787) 26.6
45 71 71

12 2804 (± 689)a 24.6 2406 (± 691) a 28.7 2829 (± 709) 25.1
47 77 77

15 2713 (± 616)a, b 22.7 2531 (± 755) 29.8 3046 (± 778) b 25.5
---------- --------------------------- ----------------- --------------------------- 1---------
3 - 15 2891 (± 524)a 18.1 2577 (± 557)a 21.6 3023 (± 579) 19.2

(average) 59 93 93

a p < .02; (RES Group versus LES Group; home energy intake).

bp < .01; (RES Group total energy intake versus LES Group home energy intake).
I-'
N
\0
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seasonal variations in those prices. 2 For example, maize which

constitutes the major source of energy intake, is normally harvested in

this region in August/September, and is thus relatively abundant in

supply in October, relative to the available supplies in May. This

is reflected by the seasonal variation in the price of maize which

variation appeared to be superimposed on a long-run upward trend in

prices.

The mean home energy intake of the RES Group fell during the

supplementation period and was significantly lower than the mean home

energy intake of the LES Group during the third, seventh and twelfth

month of supplementation. When home energy intake was averaged for

the supplementation-period, the RES Group mean was significantly lower

2price data were obtained from a household income and expenditure survey
which was conducted during the study period in May 1974, October
1974 and May 1975. Consequently, no price data are available for
the pre-supplementation period, though the May 1974 study may well
fairly represent the prevailing prices during the pre-supplementation
period. It was found that, on the average, 83% of total energy
intake of the families in the study communities was derived from the
consumption of maize (56%), black beans (16%) and sugar (11%). Other
important sources of calories were: cooking oil and lard, mostly used
to fry the black beans. The price indices (Oct. 1974 = 100) for these
food-items are as follows:

Food-Items May 1974 October 1974 May 1975

1. Maize 125 100 131
2. Black beans 103 100 108
3. Sugar 103 100 98
4. Cooking oil 101 100 116
5. Lard 89 100 121

The prices of maize, black beans and cooking oil increased by
more between May 1975 and October 1974 than they had fallen
between May 1974 and October 1974.
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than the LES Group mean. The general decline in home energy intake of

the HES Group may be attributable to the combined effect of increasing

food prices and certain substitution of supplement energy intake for

home energy intake. During the fifteenth month of the supplementation

the mean total energy intake levels of the two groups were significantly

different. However, comparisons of mean energy intake within each

group over time, and between groups, is not quite valid because of

different rates of attrition during each dietary survey, as indicated

by the sub-sample sizes in Table 5.3. We shall return to this point

later on.

Inter-worker variability of the home energy intake of both groups

showed a definite tendency of increasing during the supplementation

period. Inter-worker variability of the total daily energy intake of

the RES Group was consistently lower than that of their home energy

intake, as expected. We shall return to this point below.

The change in the mean daily energy intake of the HES Group during

supplementation must be related to the same change for the LES Group

if we are to evaluate the effectiveness of the supplementation program,

and particularly, of the high-energy supplement. We shall call this

the "relative change" in the total energy intake of the HES Group. The

assumption is that extraneous factors, such as increasing food prices,

affected the daily energy intake of both groups in the same way. Some

of these comparisons are presented in Table 5.4. We note that between

13 and 18 percent of the total energy intake of the HES Group came, on

the average, from the high-energy supplement. The absolute difference

in the mean energy intake level of the supplementation-period, and of



Table 5.4

Total Daily Energy Intake of the High-Energy Supplement
(HES) Group During Energy Supplementation

Daily energy Total daily Supplem. Absolute change inl Relative change2
intake from energy energy/ total energy in total

Months of supplement intake total intake energy intake
supple- (kcals /24 hr) (kcals/24 hr) energy (%) (kcals/24 hr) (kcals/24 hr)

mentation Mean (± S.D.) Mean (± S. D. ) Mean (± S. D. ) Mean (± S. D. ) Mean (± S.D.)

(1) (2) (3) (4) (5) (6)

0 2899 (± 717)

3 483 (± 117) 3276 (± 745) 15.4 (± 4.7) 377 (± 736)a 195 (± 744)

7 428 (± 103) 3103 (± 698) 14.3 (± 5.0) 204 (± 712) 241 (± 753)b

10 371 (± 90) 2961 (± 787) 12.9 (± 4.8) 62 (± 759) 245 (± 764) b

12 421 (± 107) 2829 (± 709) 15. 7 (± 5.6) -70 (± 712) 174 (± 701)

15 501 (± 158) 3046 (± 778) 17.6 (± 6.2) 147 (± 756) 482 (± 715) b
--------_. ---------------- --------------- --------------- --------------------- -----------------

3-15 441 (± 73) 3023 (± 579) 14.9 (± 3.4) 124 (± 644) 281 (± 621) b
(average)

1Difference between mean total daily energy intake during supplementation and mean daily energy
intake during the pre-supplementation period, for the HES Group.

2Col. 5 minus the same difference for the LES Group.

ap < .01; null hypothesis: difference in mean energy intakes equals zero.

bp < .01; null hypothesis: group difference in the change in mean energy intakes equals zero.
f-"
W
N
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the pre-supplementation period was only statistically significant

during the third month of supplementation (Column 5). Comparing

columns 2 and 5 of Table 5.4, we note that the difference in mean

total energy intake of the RES Group, before and during supplementa

tion, was consistently less than the mean daily energy intake from the

high energy supplement, which represents the combined effect of

substitution and of extraneous factors such as increasing food prices.

A comparison of columns 2 and 6 gives us a clearer idea of the net

effect of substitution on the mean total energy intake of the RES Group.

Column 6 provides us with an estimate of the difference in mean total

energy intake of the RES Group, during and before supplementation, net

of the effect of extraneous factors on daily energy intake. The

result indicates that during the seventh, tenth, fifteenth month of

supplementation, as well as on the average for the supplementation

period as a whole, the high-energy supplement significantly increased

the mean daily energy intake level of the RES Group. It is also clear

that, possibly with the exception of the fifteenth month of supple

mentation, some substitution of supplement energy intake for home energy

intake took place.

One issue that has not yet adequately been dealt with is that by

comparing group means over time we are in effect comparing different

sub-samples. This is a serious short-coming given the relatively high

inter-worker variability in daily energy intake. A completely valid

comparison over time would require inclusion in the analysis of

workers for whom energy intake estimates are available for the pre-
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supplementation period, and for all five months of the supplementation

period. However, this would result in a considerable reduction in sub

sample size, and in loss of deformation. 3 Instead, we opted for a

compromise in the following analysis. The mean differences of pair-

wise comparisons within each group were computed between each supple-

mentation month and the pre-supplementation period separately. Thus,

in each comparison the same subsample is involved and the workers act

as their own control. A one-way analysis of variance was used for a

comparison of mean differences across the two groups. The results are

presented in Table 5.5, where the median differences of the pair-wise

comparisons are also included.

The mean difference of the fifteenth month of supplementation is

statistically significantly different from zero in the LES Group: the

energy intake level fell significantly in this group. The level of

total energy intake in the RES Group significantly increased in

absolute terms during the third and seventh month of supplementation,

as well as for the supplementation period as a whole. During the tenth

and fifteenth month of supplementation, the group difference in mean

differences is statistically significant: the high-energy supplement

appears to have produced a net increase in total energy intake of the

HES Group, relative to the LES Group, during these months. The same

holds true for the supplementation period as a whole. During the

3The LES Group subsample would equal 29 and the HES Group subsample
would equal 55, bringing the representativeness of these subsamples
in terms of the full samples into doubt.



Table 5.5

Mean and Median Differences of Total Daily Energy Intake,
by Group; Pair-Wise Comparisons Between Selected Supplementation

Months and the Pre-Supplementation Period (in kcals/day)

MONTHS OF
SUPPLEMENTATION STATISTIC LES GROUP HES GROUP

3 Mean 38 337a
(t-value) (0.20) (3.17)
n 29 55
Median 52 362

7 Mean 32 224a
(t -va Iue) (0.20) (2.47)
n 32 62
Median 183 294

10 Mean -182 c 202c

(t-value) (1.13) (1.87)
n 30 58
Median -127 197

12 Mean - 84 4
(t -va 1ue) (0.82) (0.04)
n 32 61
Median -225 32

15 Mean -447a ,b 152b

(t-va1ue) (3.93) (1. 31)
n 33 62
Median -408 104

------------------------------------------------------------------
3-15 Mean -ioo" l76a,c

(Average) (t -va Iue (0.93 ) (2.34)
n 36 67
Median 33 203

ap < .05; null hypothesis: mean difference equals zero.

bp < .01; null hypothesis: group mean differences are equal.

cp < .05; null hypothesis: group mean differences are equal.

135
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twelfth month of supplementation, the total energy intake levels of

both groups generally fell to their respective pre-supplementation levels.

The results in Table 5.5 largely confirm the results presented in

Table 5.4: (a) for the supplementation period as a whole and for some

of the selected supplementation months, the BES Group shows a signi

ficant increase in total energy intake relative to the energy intake

of the LES Group, and (b) this result tended to be due more to a

significant decline in the energy intake level of the LES Group than

to a significant absolute increase in the total energy intake level of

the BES Group.

One last issue remains to be investigated: was the change in

total energy intake with supplementation in the BES Group related to

the pre-supplementation level of energy intake? The evidence tends

to suggest that this was not the case. In Tables A.5.2 and A.5.3

(Appendix A), product-moment correlation coefficients are presented of

home energy intake, supplement energy intake, and total energy intake

among different measurement months. The correlation coefficients of

home energy intake of the LES Group among successive periods (Table

A.5.2) are generally low, and several coefficients do not achieve

statistical significance. The correlations are generally poor during

the first part of the supplementation period when the mean energy

intake level of the LES Group tended to increase and improve during the

latter part with decreased mean energy intake levels. The relatively

low correlations reflect inter-temporal measurement errors, as well as

intra-worker variation in daily energy intake, which thus, tended to

decline with a decrease in the general level of energy intake.



137

In Table A.5.3 (Appendix A) the outstanding features are: (a) the

almost perfect correlation between home energy intake and total energy

intake of the HES Group during supplementation (diagonal of the lower

left quadrant of the table); (b) the complete absence of a correlation

between home energy intake and supplement energy intake (diagonal of

the middle-left quadrant); and (c) low, but significant, and positive

correlations between the pre-supplementation level of energy intake and

supplement energy intake especially during the latter part of the

supplementation period. This evidence suggests that the pre-supple

mentation level of energy intake did generally not affect the program

participation-rate and/or the degree of substitution of supplement energy

for home energy intake within the HES Group. Workers on high pre

supplementation levels of energy intake generally changed their total

energy intake during supplementation by as much as workers on low pre

supplementation levels of energy intake.

The coefficients of Table A.5.3 also demonstrate significant

inter-temporal variation in supplement energy intake (middle quadrant)

and less intra-worker variation in daily energy intake of the HES

Group workers (diagonal of the upper left quadrant, or of the lower

right quadrant) as compared to the LES Group.

5.3. Energy Supplementation and Changes in Energy Stores

According to the simple energy balance equation, energy expendi

ture levels equal energy intake levels when energy stores remain

unchanged in the long-run. As an indicator of energy stores, we use

body weight. Thus, we may say that the workers of both groups generally



Table 5.6

change in Body Weight During Energy Supplementation, by Month of
Supplementation and Group

Relative Frequency Distributions and Medians

MONTHS OF SUPPLEMENTATION
Change in 4 7 11 14

body weight LES Group HES Group LES Group HES Group LES Group HES Group LES Group HES Group
(kg) n=32 n=40 n=39 n=47 n=37 n=44 n=40 n=46

(%) (%) (%) (%) (%) (%) (%) (%)

Decrease 50.0 50.0 35.9 31.9 51.4 52.3 47.5 39.1

Increase 50.0 50.0 64.1 68.1 48.6 47.7 52.5 60.9

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Median - 0.25 - 0.40 0.50 0.60 - 0.15 - 0.20 - 0.10 0.30

X2 .0 .210 .0 .618

p > x2 n.s. n.s. nv s , n .s ,

I-'
W
oo
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adjusted their daily energy expenditure levels to their daily energy

intake, if body weight remained unchanged during energy supplementa

tion. We hypothesize that changes in body weight were unrelated to

changes in daily energy intake for both groups.

The median changes in body weight for each group during the

supplementation period, are given in Table 5.6. The change here

represents the difference in body weight during specific supplementation

months, and during the pre-supplementation period. The slight increase

in the body weight of both groups during the seventh month of

supplementation was probably due to lower energy requirements during

the off-harvest season. The proportion of workers who lost and gained

weight during each of the indicated supplementation months was not

significantly different for the two groups. The high degree of

stability of individual body weights is also indicated by the highly

significant correlation coefficients of individual body weights of both

groups during various months of the supplementation period (Table A.5.4,

Appendix A).

Changes in body weight during the supplementation period were not

related to changes in daily energy intake, and this was true for both

groups, as indicated by the analysis of variance of changes in body

weight (CHEW), presented in Table 5.7. For none of the four supple

mentation months was there a significant interactive effect of Group

with changes in total daily energy intake (CHENERGY).

Thus, it seems safe to conclude that daily energy expenditure

levels tended to change with daily energy intake.



Table 5.7

Three -Way Analysis of Variance of Changes in Body Weight During Selected
Supplementation Month

Dependent Variable: CHEW

MONTHS OF SUPPLEMENLATION
Sources of 4 7 11 14
Variation Sum of Sum of Sum of Sum of

SQuares F P>F squares F P>F squares F P>F squares F P>F

GROUP 6.97 1. 79 .19 3.51 1.05 .31 0.29 I 0.06 .80 3.99 0.68 .41

CHENERGY 0.68 0.17 .68 4.04 1.21 .28 4.31 0.95 .34 0.48 0.08 .78

GROUP*
CHENERGY 0.11 0.03 .87 1.41 0.42 .52 6.56 1.44 .24 1. 79 0.30 .58

ERROR 157.22 174.16 197.44 307.07

CORRECTED
TOTAL 164.98 183.12 208.60 313.33
(N) (42) (55) (48) (55)

I-'
+:-
o
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5.4. Summary

Both supplements enjoyed a high degree of acceptance. During the

first fortnight of supplementation, ninety-eight percent of the LES

Group, and ninety-six percent of the RES Group workers, participated in

the program. This percentage never fell below 92% for both groups

during anyone fortnight of the supplementation period. Inter- and

intra-worker variation in supplement intake was slightly higher among

the RES Group workers, showing a somewhat less consistent pattern of

supplement intake for this group. Thus, a slight inter-active effect of

selection with supplement intake levels may have been present. Another

fact which may have contributed is that RES Group workers may in

general have been more difficult to locate when the supplements were

distributed. 4 Significant differences between the two groups in their

attitudes towards the supplements, or the supplementation program,

could not be detected, and probably did not account for the difference

in supplement intake patterns.

The supplementation program generally seems to have had the effect

of significantly raising the total energy intake of the RES Group

relative to that of the LES Group. Extraneous factors, such as

generally rising food prices as well as seasonal variations in these

food prices, appear to have had a negative effect on energy intake

levels, especially during the second half of the supplementation period.

4As we shall see in Chapter 7, there was a tendency to assign some
of the sugarcane cutters other tasks (e.g. factory work, road
maintenance tasks, etc.) during certain periods of the harvest
season, and this practice was more pronounced among the RES Group
workers.
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But, assuming that the effect of extraneous factors on energy intake

levels was represented by the trend in mean energy intake levels of

the LES Group, we may conclude that the supplementation program was

effective in raising energy intake levels of the HES Group, net of

the effect of those extraneous factors.

Within the RES Group, some substitution of supplement energy for

home energy intake took place. However, the degree of substitution,

and/or the time pattern of participation in the program, appear to have

been unrelated to the pre-supplementation level of daily energy intake.

It also seems reasonable to conclude that changes in body weight

during the supplementation period were generally small and unrelated to

changes in daily energy intake in either group. These changes in body

weight probably reflected measurement errors and natural, day-to-day

fluctuations in body weights, and not significant changes in energy

stores. Thus, the workers of both groups generally maintained energy

balance and the changes in daily energy intake must have resulted in

similar changes in total daily energy expenditure. Whether the net

increase in daily energy intake of the HES Group relative to that of

the LES Group led to a comparatively higher productivity level of the

RES Group, is the topic of the next two chapters.
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CHAPTER 6

Energy Intake and Human Capital Formation

In this chapter we return to the main research question of the

study: under present conditions, can an increase in worker produc

tivity be expected to result from increased energy intakes of agricul

tural workers? Put differently, the question becomes: does increased

energy intake result in human capital formation? Of equal importance is

the question related to the optimal life cycle pattern of investments

in human capital formation. This question has been dealt with in

great detail as it relates to education and training (Ghez and

Becker, 1975; Becker, 1975; Schultz, 1971), however, little evidence

has been produced that suggests that: (a) improved nutritional intake

during the growing years, and thus, before the start of the productive

life cycle, results in human capital formation, and (b) improved

nutritional intake at different stages of the productive life cycle

results in human capital formation. Also, little evidence is available

to evaluate the relative economic returns of investments made to

improve nutritional intake during early stages of the life cycle versus

investments made to improve nutritional intake during different stages

of the productive phase of the life cycle. Yet, these are basic issues

which must ultimately guide the allocation of resources available to

improve the nutritional status and intakes of different population

groups. This is not to argue that decisions, such as which population

groups are to be the main target-groups for nutritional interventions,

should solely be based upon relative rates of return that may be
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expected from different types of interventions. Less tangible, psychic

returns must also be taken into account. On the other hand, nutri-

tional interventions are often aimed at the age-groups in the popula-

tion with the relatively greatest nutritional deficiency without

regard for optimal patterns of investment in human capital over the

whole life cycle.

Improved nutritional intake is clearly a form of investment in

human capital whenever a stream of economic benefits results beyond

the immediate food consumption period. Investment decisions require

a comparison of the economic costs of nutrition interventions with the

economic benefits at different points of the life cycle. The present

study allows us to examine some of these issues. Making use of cross-

sectional data (of the pre-supplementation period), we are able to

construct age-productivity profiles associated with different levels

1of nutritional status and energy intake of the sugarcane cutters.

Thus, we can estimate the marginal increase in the human capital stock

associated with different levels of investment in the nutritional status

of the workers.

The analysis which follows will employ three different parameters

of nutritional status and daily energy intake. These parameters are

indicative of levels of energy intake during different stages of the

life cycle. Next, employing the Nonequivalent Control Group design2

lIt is fully recognized that an inter-temporal extrapolation from
results of an intra-temporal analysis has limited validity.

2See section 3.2.4.1 above.
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we examine such questions as: (a) mayan increase in daily energy

intake be expected to result in a significant increase in the stock of

human capital, and (b) if so, does the marginal increase in the human

capital stock vary with age, so that the necessary investment in

upgrading the nutritional status of workers may be expected to have a

higher return during some stages of the productive phase of the life

cycle as compared to other stages? An answer to these questions will

contribute towards defining the optional life cycle pattern of invest-

ment in human capital through nutritional interventions.

6.1. Age-productivity Profile: Guatemalan Sugarcane Cutters

The data of the pre-supplementation period (measurement period 1)

were used for the analysis in this section, as well as in the section

which follows. The age of the workers was calculated as of January 1,

1974. Three different productivity indicators are presented, and are

expressed as period means. These are: daily cane deliveries (MCANEl),

total daily work-time (MDWTlMEl), and total energy expenditure at work

(MDWENERGYl).3 Different regression models were run, both linear and

non-linear. The linear and polynomial regression results are presented

in Table 6.1. For daily cane deliveries, age squared singularly removed

a greater portion of the sum of squares than did age. 4 This is also

3The names in capital letters are variable mnemonics. See Appendix B
for a complete glossary of variable names used in this study.

4Because of multicollinearity among the two independent variables the
significance level of the regression coefficients is significantly
reduced. The relevant test is whether each variable singularly removes
a significant portion of the total sum of squares of the model.



Table 6.1

Regression Models to Estimate the Age-Productivity Profiles
for Guatemalan Sugarcane Cutters, Pre-Supplementation Period

146

Eq.
Dependent

Intercept
Independent Variables! 2

Variable Age2 R F Pr>F
Age

1 MCANEI 26.47* -.061* .058 8.99 .003
(35.68) (3.00)

la MeANEl 22.77* .145 -.003 .076 6.01 .003
( 9.94) (1.19) (1.71)

2 MDWTIMEI 440.7* -.779 .012 1.33 .251
(18.17) (1.15)

2a MDWTIMEI 290.1* 7.644** -.107** .057 3.35 .039
( 4.17) (2.06) (2.30)

3 MDWENERGYI 1702.8* -3.443 .014 1.55 .216
(17.13) (1. 25)

3a MDWENERGYI 943.4* 39.028* -.540* .083 4.95 .009
( 3.35) (2.60) (2.87)

*p < .01

**p < .05

It-values in brackets
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demonstrated in Figure 6.1. Where the regression line based upon

equation la of Table 6.1 is presented. The estimated peak is at age

24. More importantly, however, among young workers age does not seem

to affect their productivity significantly. After age 32, daily

productivity tends to drop steadily with age. Several factors are

probably responsible for the negative effect of age on productivity

among older workers. Maximal aerobic power, muscle strength, and

psychomotor skills decline with age (Simonson, 1976; Lehr and Thomae,

1976; Astrand and Rodahl 1970).5 In addition, several factors which

are correlated with age may exert their influence on the productivity

of older workers, such as poorer health status, and the fact that

older workers are more likely to belong to households with multiple

wage-earners, so that their earnings constitute a lesser fraction of

total household income. Lastly, a "cohort-effect" may provide an

additional explanation: the more capable workers are likely to be

promoted (to field supervisor, or to other occupations with higher

status and/or more pay), so that sub-samples of old and young sugar-

cane cutters are not really comparable.

There appears to be little effect of work experience on daily

productivity as evidenced by the fact that from age 17 productivity

5Maximal aerobic power is only relevant here if the percent of V0
2maxsubstained at work is generally not affected by age. Our results in

a small subsample of workers (n=42) indicate that the percent of
V0

2max
sustained at work is unrelated to age (r= -.13, p > .05). The

decline in psychomotor skills with age appears primarily due to
coronary or cerebral asymptomatic atherosclerosis which leads to an
impairment of blood supply thereby affecting performance at older
age.



Figure 6.1. Age-Productivity Profile as Estimated by a Polynomial Regression
Model: Daily Output during Pre-Supplementation.
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does not significantly improve with age among younger workers. Or it

may be that the lack of work experience among younger workers is offset

by other factors.

For both total daily work time and total energy expenditure at

work, the polynomial model produced the better results. 6 Based upon

equations 2a and 3a (Table 6.1), the age-productivity profiles in

Figures 6.2 and 6.3 were constructed. The estimated peak in both

profiles (age 35 for total daily work time, and age 36 for total

energy expenditure at work) comes considerably later than for daily

cane deliveries. The similar configuration of both profiles suggests

that energy expenditure per minute does not significantly vary with

age. The results of the polynomial regression model of energy

expenditure per minute and age largely confirmed this. Starting at

age 17, the energy cost of an unit of sugarcane delivered first tends

to increase, and then to decrease with age. Young workers tend to

be more efficient. However, old workers are not necessarily as

efficient as young workers because the average energy cost of an unit

of sugarcane delivered may itself increase with the daily level of

sugarcane delivered, ceteris paribus. For example, a worker at age

17 and at 55 roughly expend the same amount of energy at work, but the

17-year old workers have a significantly higher daily productivity

level.

The age-profile of daily work-time is consistent with that pre-

dicted by the theory of life cycle allocation of time and goods (Ghez

6I n both cases age squared singularly removed a larger fraction of
the total sum of squares than age.



Figure 6.2. Age-Productivity Profile as Estimated by a Polynomial Regression
Model: Daily Work Time During Pre-Supplementation.
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Figure 6.3. Age-Productivity Profile as Estimated by a Polynomial Regression
Model: Total Energy Expenditure at Work/Day during Pre-Supplementation.
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and Becker, 1975), and the standard theory of the supply of labor.

Wages rates typically increase with age, taper off, and fall at older

age, and thus, time spent at work follows the same pattern over the

7life cycle. However, in the present example, workers are paid a

piece-rate which remains constant with age. It would appear that the

time wage-rate, i.e. hourly earnings, is the highest among the young

workers, which reflects their greater relative efficiency. No

exogenously determined wage rate is involved here.

6.2. Energy Intake and the Stock of Human Capital

The following four parameters of nutritional status are included

in the analysis: (a) stature, (b) body weight as percent of expected

weight (based upon weight for height standards; Jelliffe, 1966),

8
(c) upper-arm muscle area, and (d) daily energy intake.

Adult stature in healthy males is usually reached by the age of

16-17, and thus, all workers in our study were assumed to have reached

adult length by the time the study was initiated. Genetic factors as

well as environmental factors, including nutritional history, during

7Since in the Ghez and Becker model, income and wealth effects are
absent, the labor supply curve is positively sloped over the whole
productive phase of the life cycle.

8Upper-arm muscle area (ARMUSCLE) is calculated from mid upper-ann
circumference (ARMCIR) and tricipital skinfold (SKINFLD) measurements
as follows:

ARMUSCLE(mm2)=(ARMCIR-SKINFLD)2 x ~/4, where ~ = 3.1416.
~
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9the growing years determine adult length. Stature has been found to

be significantly and positively related to the productivity levels of

Colombian sugarcane cutters (Spurr ~ al., 1977).10 Taller workers may

have a greater mechanical efficiency in cutting sugarcane. Morrison

and Blake (1974) found that Rhodesian sugarcane cutters who had

adopted a more upright stance were more efficient compared to those who

tended to bend forward. They observed that the more upright stance

allows "the shoulders, trunk and legs to contribute effectively to the

action and, by limiting elbow movement, the arm is held almost straight

during the swing, ensuring sufficient length of the arm-knife lever."

The taller cutters are also likely to have a distinct advantage over

11the shorter cutters when the cane stands very tall.

9The relative significance of genetic versus environmental factors in
determining stature will vary with the degree of socio-economic and
genetic heterogeneity of the population. Habicht et ale (1974)
concluded, after reviewing several studies of pre-school aged children
from widely different ethnic and socio-economic backgrounds, that the
variations in their heights due to socio-economic differences were
about four times as great as the variations due to ethnic differences.
Studies of parent-child height correlations within specified popula
tions show considerable variation among populations (Mueller, 1976).
The mean correlation over all samples is .31. In school aged children
suffering from protein-energy malnutrition, the parent-child height
correlations are significantly lower than in well-nourished school
aged children.

10No significant correlation between the stature of the Colombian
sugarcane loaders and their productivity levels was found by Spurr
et al. (1977a).

llStature may also correlate significantly with productivity through
its relation with other components of body composition. Taller
agricultural workers have been found to weigh generally more, and
to have more lean body mass and muscle mass, parameters which have
also been found to be positively correlated with productivity
(Viteri, 1971; Davies, 1973; Spurr et al., 1977).
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Body weight as percent of weight/height standards is an indicator

of relative energy stores, where the effect of height on weight has been

accounted for. It reflects energy intake levels, relative to energy

expenditure levels, during the "recent past." Thus, a low body weight

relative to height indicates acutely low levels of energy intake

relative to energy expenditure levels. As previously reported,

Heywood (1974) found a significant "weight for height" effect among

one group of Jamaican sugarcane cutters. Workers with weight for

height below 85% of the standard had a significantly lower mean

productivity level than their colleagues. When work availability

increased, workers with weight at < 85% of their reference weight and

workers with weight between 85 and 94% of their reference weight

increased their mean productivity levels by the same amount. Workers

with weight above 94% of their reference weight increased their mean

productivity level by more than their colleagues. Heywood concluded

that workers who are relatively weight deficient probably are less

able to maintain a constant level of productivity over time when faced

with significant daily variations in energy intake. 12 Low energy

stores may be indicative of low levels of energy intake, or of high

levels of energy expenditure (relative to energy intake). Thus, an

inverse relationship between weight for height and productivity is

also possible for limited periods of time. 13

12
No data were presented to evaluate the intra-worker variation in
daily energy intake.

13Percent body fat was found to be negatively associated with the
productivity levels of Colombian sugarcane cutters (Spurr et al.,
1977) •
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Upper-arm muscle area as a nutritional parameter is included in

the analysis as another indicator of the workers' nutritional history

in the "recent past." Muscle tissue depends mainly on protein intake

for replenishment. As was previously indicated (see section 4.3), the

daily protein intake of the workers of this study generally was

adequate. Under these circumstances, muscle mass may indirectly be an

indicator of the adequacy of energy intake levels during previous

periods. When energy intake is low (relative to energy expenditure),

and energy stores are depleted, part of the protein intake will be

diverted for energy purposes, and less protein is available to rebuild

muscle tissue. Thus, significantly reduced muscle mass in our study

sample is indicative of a far more serious and chronic condition of

inadequate energy intake than is low weight for height. Since muscle

mass is positively correlated with height,14 in the following analysis

upper-arm muscle area is expressed on a per cm height basis.

The results of Viteri's study of Guatemalan agricultural workers

clearly suggest that relatively low levels of energy intake lead to

low muscularity for height. Increased energy (and protein) intake

seems to improve muscularity. And workers on higher levels of energy

intake and with greater muscularity are more productive.

It remains unclear from the review of relevant studies whether

high energy intake levels in the "recent past" contribute to current

l4The correlation coefficient between upper-arm muscle area and height
in the workers of this study is .33 (p < .01).
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productivity-levels. An association between relative energy stores, or

relative muscle mass, and productivity may only reflect a true

relationship between current energy intake and productivity, if

individual energy intake levels show a low degree of variation over

time. 15 If a true relationship exists between productivity levels, and

relative energy stores, or relative muscle mass, independently of the

current level of energy intake, then future economic benefits may be

associated with increases in current energy intake levels.

In a first analysis, the parameters of nutritional status, of

daily productivity levels, and age were correlated (Table A.6.l;

Appendix A). Some interesting results emerge. The correlation

coefficient between stature and daily productivity is low but

significant. Thus, taller workers tend to be more productive. Stature

and age are not significantly correlated. This points to the absence of

a secular trend in improvement in environmental factors including in

nutritional intake, in the two study communities during the first

16half of the century. The two parameters of nutritional intake during

the "recent past" are highly correlated. Thus, workers with relatively

greater energy stores also tend to have more muscle area per cm of

l5The relatively low correlation coefficients of the individual energy
intake levels of the workers among different time-periods (see
Table A.5.2 and A.5.3; Appendix A) suggest substantial inter-temporal
variation in energy intake levels, which may be over-estimated because
of non-systematic measurement errors of the dietary surveys.

l6Another parameter of nutritional status especially during the first
years of life, head circumference is not correlated with age either
(r=.044; p > .05). Stature and head circumference are significantly
correlated (r=.4l9, p=.OOl).
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height. These parameters are not significantly correlated with daily

productivity or with daily energy intake. This seems to indicate that

workers on relatively high levels of energy intake have high levels

of daily energy expenditure. This, in turn, may be reflected by the

significant correlation between daily energy intake and daily

productivity. However, the interpretation of these results at this

point is confounded by the fact that both energy intake and produc-

tivity tend to fall with age. Percent weight for height, and upper-

arm muscle area/height are not significantly correlated with age, thus

confirming an earlier finding that older workers tend to have lower

levels of energy expenditure.

In order to establish age-productivity profiles associated with

different levels of nutritional status, the workers were separately

classified on each parameter. 17 Using the 33rd and 67th percentile

of the respective distributions, workers (from both groups combined)

were classified as either "short", "average" or "tall" (HTGRP), as

either having "low", "average" or "high" muscularity (MUSHTGRP), and as

either being on "low", "average" or "high" daily energy intake

(ENGRP). The same classification as presented by Heywood (1974) was

used here for percent weight for height (WTHTGRP): <85% (n=33),

85-94% (n=36), and ~95% (n=18). The means, and ranges for each

classification are presented in Table 6.2.

l7As previously explained, anthropometric measurements (except for
height) and daily energy intake data for the pre-supplementation
period are only available for a sub-sample of workers.



158

Table 6.2

Classification of Sugarcane Cutters by Selected Phenotypic
Characteristics and Daily Energy Intake; Pre-Supplementation Period

Stature (ems)

"Short" "Average" "Tall"

Mean 153.4 159.5 165.9
(± S.D.) (2.9) (1.7) (2.9)
Range 144 - 156 157 - 162 163 - 174

Energy Stores (Percent weight/height)

"Very low" "Low" "Normal"

Mean 81.0 89.2 98.7
(± S.D.) (2.3) (2.9) (2.8)
Range 75.0 - 84.0 85.0 - 94.0 95.0 - 104.0

Muscularity (Upper-arm muscle area(mm2)/height(cm)

"Low" "Average" "High"

Mean 24.9 28.6 33.2
(±S.D.) (1.6) (1.0) (2.3)
Range 20.8 - 26.9 27.0 - 30.3 30.4 - 38.1

Daily Energy Intake (Kcals/24 hours)

"Low: "Average" "High"

Mean 2208 2965 3680
(± S.D.) (341) (188) (445)
Range 1408 - 2673 2674 - 3225 3226 - 5276
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The variables included in the following analysis are defined in

Table 6.3. A complete glossary of all variables may be found in

Appendix B.

Regression models were run for each nutritional parameter

separately. The linear form of age18 and the classes variable are the

independent variables. An interaction term is also included to test

for differences of slope among the three classes in each model. The

dependent variable in all models is daily cane deliveries. The

regression results are presented in Table 6.4. Several observations

can be made. None of the models has a high degree of explanatory

power. Taller workers tend to have higher mean productivity levels at

19all ages than shorter workers. No significant differences in slopes

exist among the three height groups as suggested by the insignificant

coefficient of the height-age interaction variable. Workers with

relatively greater energy stores, or with greater muscularity, do not

tend to be more productive than their colleagues with lower energy

stores, or lower muscularity. And this tends to hold true at any

age. Different levels of daily productivity appear to be positively

l8Models with age squared performed statistically about equally well
as models with the linear form of age.

19A different version of this model, with contrast variables as dummy
variables revealed that the statistically significant difference in
intercept is between "tall" and "short" workers:

MCANEl=26. 76*-.05* AGE-I. 36*("Short"-"Tall") -.17 ("Average"-"Tall")
(33.86)(2.71) (2.56) (0.33)

*p ~ .01
2

R =.107; F=5.76; P>F:" .001
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Table 6.3

Definition of Variables used in the Cross-sectional Analysis
of Pre-Supplementation Data.

Variable Mnemonic:

i , MCANE1

2. MDWTIMEI

3. MDWENERGY1

4. ARMCIRI

5. SKINFLDI

6. ARMUSCLEI

7. HTI

8. HTGRP

9. PERCWTHTI

10. WTHTGRP

11 • MUSHTGRP

12. AGE

13. AGEGRP

14. ENERGYI

15. ENGRP

Definition:

Daily deliveries of sugarcane (in cwts).

Daily total work time (in minutes).

Total energy expenditure at work/day (in kcals).

Mid upper-arm circumference (in mm).

Tricipital skinfold (in mm).

Upper-arm muscle area (in mm2).

Stature (in ems).

Classes variable for stature: "1": < 156 ems;
"2": 157-162 ems; "3": > 162 ems.

Body weight as percent of reference
weight /he igh t.

Classes variable for percent of weight for
height: "1": < 84%; "2": 85-94%;
"3": .2: 95%. -

Classes variable for upper-arm muscle area
per em of height: "1": <: 26.9 nun2;
"2": 27.0-30.3 nun2; "3":- > 30.4 nun2.

Age as of January 1, 1974 (in years).

Classes variable for age: "1": < 27 years;
"2": 28-39 years; "3": .2: 40 years.

Total energy intake/24 hours (in kcals).

Classes variable for daily energy intake:
"1": ::: 2673 kcals; "2": 2674-3225 kcals;
"3": > 3225 kcals.



Table 6.4

Regression Models to Determine Age-Productivity Profiles for Different Levels
of Nutritional Status and of Daily Energy Intake, Pre-Supplementation Period

DEPENDENT VARIABLE: MCANEl
INDEPENDENT VARIABLESI

Eq.INTERCEPT AGE* AGE* -AGE* AGE* R2 F P>FAGE HTGRP HTGRP WTHTGRP WTHTGRP MUSHTGRP MUSHTGRP ENGRP ENGRP

1 25.00* -.06* .67* .099 8.00 .0005
(26.33) (2.85) (2.52)

la 27.00* -.11** -.30 .03 .108 5.78 .0010
(13.63) (2.16) (0.34) (1.15)

2 26.83* -.08* .28 .093 4.30 .0167
(20.60) (2.71) (0.75)

2a 29.05* -.14*** -.94 .04 .101 3.11 .0303
(10.15) (1. 80) (0.65) (0.87)

3 26.74* -.08* .29 .094 4.38 .0156
(20.25) (2.69) (0.83)

3a 29.14* - .15** -1.00 .04 . 107 3. 30 .0240
(11. 20) (2.09) (0.80) (1. 07)

4 24.84* -.05*** .63*** .076 4.04 .0206
(18.91) (1.73) (1.81)

4a 28.88* -.16* -1.73 .07** .117 4.30 .0070
(12.57) (2.87) (1.49) (2.12)

It-values in brackets *p < .01 **p < .05 *** < .05 < p < .10

I-'
0'\
I-'
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associated with different levels of daily energy intake. The coeffi

cient of the energy intake variable in equation 4 is marginally

significant, and the interaction variable in equation 4a reaches

significance at the five percent level. The coefficient of the

interaction variable is positive indicating that the differences in

mean productivity among the three energy intake groups tend to increase

with age. High levels of daily energy intake among older workers tend

to offset the negative effect of age on productivity.

These results tend to confirm only some of the findings reported

by others. Stature and daily energy intake are significantly

associated with productivity, but energy stores and muscularity are

not. High energy intake during the pre-productive phase of the life

cycle appears to be associated with high productivity during the

productive phase. High current energy intake levels appear to be

associated with high current productivity, especially among older

workers. An excess of current energy intake over current energy

expenditure is not associated with increased future productivity. The

evidence suggests two possible explanations. Either workers stay in

energy balance during the harvest-season, and do not draw upon

previously accumulated energy to help them sustain their productivity

level. Or the workers are in negative balance during this period, but

draw upon their energy stores to sustain their energy expenditure

levels during non-working hours. The relatively small changes in body

weight over time in this group suggests the first explanation as the

more plausible one. Lastly, increased muscularity may not be expected
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to lead to increased productivity. However, certain caution is

required in interpreting these results. There may be critical minimum

values for energy stores and muscularity below which productivity is

seriously affected. The results that were obtained in this study may

merely indicate that none or few of the workers had extremely low energy

stores or seriously impaired muscularity.

The present analysis allows us to obtain estimates of the marginal

increase in the human capital stock associated with different height

levels of the Guatemalan sugarcane cutters. It was previously reported

that the difference between tall and short workers in mean daily

productivity was 1.4 hundredweights. 20 In Table 6.5 the present value

at age 17 of the marginal increase in life-time earnings of tall

workers, assuming different discount-rates and annual growth rates of

the piece-rate, is presented. In making the calculations it was

assumed that: (a) the average harvest-season lasts 30 weeks/year,

21
(b) workers work on the average 6 days/week, and (c) the average

productive phase of the life cycle runs from age 17 up to and including

age 62. An annual growth rate of 6% for the piece-rate may be quite

reasonable. During the period 1972-1978, the piece-rate per ton of

20
See footnote on page Since Spurr et ale (1977a) found no
statistically significant relationship between height and productivity
in sugarcane loading, and assuming that the workers in this study
roughly spent half their time loading sugarcane, the difference in
mean daily productivity could be twice as much if the workers only
cut cane.

2lThe mean days worked/week for the pre-supplementation period was 6
(see Table 4.6), so that absenteeism has been taken account of.
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sugarcane delivered increased by 45% on the study plantation, or

22roughly 7% per year. What the "correct" rate of discount should be

is an issue that we shall not attempt to tackle here. It can be

argued that the private borrowing rate for the workers easily

exceeds 10%. On the other hand, these workers are able to obtain

23interest-free loans from the Company.

Table 6.5. Present values at age 17 of incremental life-time
earnings from sugarcane cutting:

"tall" versus "short" worker

(in U.S. dollars)

Discount
Annual growth rate (%)

rate 0 3 6 10(%)

6 292 414 616 1,127

8 229 315 454 796

10 186 249 348 583

The values presented in Table 6.5 may well only partially reflect

the marginal increase in the human capital stock due to a significant

increase in adult stature (on the average, from 153 to 166 ems). It

is not known what energy intake level during childhood and adolescence

22The piece-rate increased by 4.8% during the 1972/73 harvest-season,
and the remainder of the total increase occurred during the 1976/77
and 1977/78 harvest-seasons.

23The present value of the net increase in life-time earnings assuming
a zero percent discount rate and annual growth rate is US $851.
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is associated with the adult stature of "short" workers, and with that

of "tall" workers. Thus, it is not possible to estimate what invest-

ment outlays, in terms of increased energy intake during the growing

years, would be required to produce an average increase in adult

height of 13 cms in children suffering from chronic malnutrition. 24

The results here merely serve to demonstrate that under certain

conditions increased energy intake during the pre-productive phase of

the life cycle may be expected to lead to increased productivity

during the productive phase, and thus, represents a form of human

. 1 f . 25cap1ta ormat1on.

The present analysis also allows us to indicate under what

conditions sugarcane cutters may be expected to increase their daily

24We can indicate what maximum investment outlay for additional food a
father would be willing to make for the first 17 years of life of his
son, whom he also expects to become a sugarcane cutter. For example,
u.s. $454 at age 17 equals $123 at age 0 (discount rate: 8%), which
equals 0.26/week over a l7-year period. At average 1974 market
prices, and assuming a diet of maize and black beans in a ratio of
4:1, 26 cents bought in 1974 about 4453 kcals at the study planta
tion. Thus, a sugarcane cutter who had perfect information, would
be willing to spend up to $0. 26/week additionally on food for his
son from his birth till age 17, which would result in an average,
additional daily energy intake during this period of 636 kcals (if
food prices were to remain unchanged from the 1974 level during the
l7-year period). No data exist to show that an average increase
in daily energy intake of 636 kcals during the first 17 years of
life may be expectee to result in a substantial increase in adult
stature.

25Adult stature is indicative to a large extent of the nutritional
history during infancy, childhood and adolescence. Good nutrition
during these stages of the life cycle have also been associated with
better mental development (Latham, 1974). Also, a synergistic
relationship between nutritional status and infectious disease
state has been shown to exist (Latham, 1975). Thus, in settings
different from the present one, good nutrition early in life may
still be expected to increase the stock of human capital.



166

energy intake if they must purchase the additional food. According to

the previously discussed classification of daily energy intake levels,

for a worker on a "low" or "average" daily energy intake to pass on to

the next higher energy intake groups, requires on the average an

additional energy intake of approximately 700-750 kcals/day (from

2208 to 2965 kcals/day, or from 2965 to 3680 kcals/day). At average

1974 market prices, and assuming a daily diet of maize and black beans

in a ratio of 4:1, 700 calories could be purchased at about 4.1

26cents. The piece-rate paid to the sugarcane cutters would allow them

to purchase approximately 942 calories per hundredweight of sugarcane

delivered. A worker would have to deliver daily .7 to .8 (700+942)

hundredweight of cane additionally to finance the cost of increasing

his daily energy intake by 700-750 kcals. Put differently, the worker

would have an incentive to increase his daily energy intake by 700 kcals

if this allows him to deliver daily more than .8 hundredweights of

sugarcane additionally. The average energy cost of delivering one

hundredweight of cane was estimated at about 65 kcals. 27 If all of

the additional energy intake were expended at work, this would allow

the worker to deliver about 10 hundredweights more a day, on the average.

A different, but related question is whether with a net increase

of 700 kcals/day in energy intake, workers behave in such a way as to

26I t was found that in 1974, on the average, 56% of total energy intake
in the two study communities was derived from maize, and 16% from
black beans consumption.

27See Table 4.6 of Chapter 4. The marginal energy cost may well increase
with the level of daily productivity, and with total daily work-time.
because of increasing fatigue, etc.
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increase their energy expenditure at work suffici.ently so that daily

productivity increases by more than .8 hundredweights. The answers

will probably depend upon: (a) the worker's initial level of daily

energy intake, and (b) the worker's marginal rate of substitution of

goods consumption for time consumption (which may be a function of

(a)) •

Equations 4 and 4a of Table 6.4 indicated different relationships

between daily productivity and age among the three energy intake

groups. Regression models of MeANEl on AGE were separately run for each

energy intake group, and the results are presented in Table A.6.2 of

Appendix A. Among the workers on "low" daily energy intake, daily

productivity falls significantly with age. The daily productivity of

workers on "average" and "high" daily energy intakes does not

significantly fall with age, but the "high" energy intake workers have

an estimated mean daily productivity level which is higher than that of

"average" energy intake workers. 28 Using the coefficients estimated

by the regressions, it would appear that: (a) workers on "average"

energy intake would increase their daily productivity by about .8

hundredweights when increasing on the average their daily energy intake

28The negative correlation between daily energy intake and age
(r=-.276; p < .01; see Table A.6.l of Appendix A) means that the
proportion of older workers is the highest in the "low" energy intake
group, and the lowest in the "high" energy intake group, which may
help explain to some extent the difference in slopes among the three
energy intake groups.
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by 700 kcals,29 and (b) "low" energy intake workers beyond the age of

46 would increase their daily productivity by more than .8 hundred-

weights when increasing their daily energy intake by 700 kcals (or by

more than 1.6 hundredweights when the increase in daily energy intake

is about 1500 kcals).30 Considering the average energy cost of a

hundredweights of cane delivered, it would appear that only among

older workers who are initially on low daily energy intakes, a

substantial portion of the additional energy intake may be expected to

be expended at work. Among younger workers on higher levels of daily

energy intake, the additional energy intake would appear to result in

significant increases in energy expenditure during non-work activities. 3l

6.3. Energy Supplementation and Human Capital Formation

In this section we employ the Nonequivalent Control Group (NCG)

design to test the principal hypothesis of the study. The NCG design

was described in Section 3.2.4.1 of this report, and involves five

measurement-periods, the last four during the supplementation phase of

29Assuming that the regression slopes for the "average", and "high",
energy intakes groups are not different from zero, the increase in
daily productivity between these two groups is given by the difference
in intercepts.

30At age 46 the mean daily productivity levels of the "low", and
"average" energy intake groups differ by .8 hundredweights as estimated
by the separate group regressions: 27.6 - .1 AGE = 23.8 + AGE - .8,
and solve for AGE (see Table A.6.2 of the Appendix A).

3lThe evidence presented in the previous chapter strongly suggests that
these workers maintain energy balance on the average. The interpreta
tion of these results are somewhat confounded by the negative
correlation between daily energy intake and age, which correlation,
though significant, is not strong.
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the study. As was previously explained, those variables for which

more than one observation per measurement period were available, were

expressed as period means. This mostly involved the productivity

indicators. Within each supplementation group, the values during the

various measurement-periods of the supplementation phase (measurement

periods M2-M5) were related to the values of the pre-supplementation

phase (measurement period Ml) in pair-wise comparisons. In this way,

the workers served as their own controls. Furthermore, between group

comparisons of the mean differences were made to test for a supplementa-

tion effect. A rival hypothesis is represented by the possible

presence of a selection-history interaction effect, which confounds

the interpretation of the results. Some attempt is made here to test

whether this rival hypothesis provides a plausible explanation for the

results.

Before taking a look at the results produced by the pair-wise

comparisons, it may be useful to analyze first how the different

productivity indicators are related. Specifically, we relate the

output variable (MCANE) to some of the input-variables (MDWENERGY,

MDWTIME and FURROW). Definitions of the variables included in the

following analysis are provided in Table 6.6. The results of a

regression analysis, by measurement-period, suggest the following (see

Tables 6.7 and 6.8, and Tables A.6.3-A.6.6 of Appendix A):32

32The variable suffix 2-5 means that the variable was averaged over the
four measurement periods of the supplementation phase; a comparison
of .measurement-periods 1 and 2-5, is a straight "before-after"
comparison.
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Table 6.6

Definition of Variables of the Analysis using the
Nonequivalent Control Group (NCG) Design

Variable Mnemonic:

l. MCANE

2. CHMCANE

3. MDWTIME

4. MDWENERGY

5. FURROW

6. WORKEVAL

7. AGE

8. AGEGRP

9. GROUP

10. MFIELD

11. MFYIELD

Definition:

Daily deliveries of sugarcane (cwts).

Pair-wise difference in mean daily
deliveries of sugarcane (cwts).

Daily total work time (minutes).

Total energy expenditure at work/day (kcals).

Length of furrow cut per hour (meters).

Work evaluation score: "1": poor;
"2": average; "3": well done.

Age as of January 1, 1974 (years).

Classes variable for age: "1": $ 27 years;
"2": 28-39 years; "3": ~ 40 years.

Classes variable for supplementation group:
"0": LES Group; "1": RES Group.

Field characteristics score (see
Appendix C).

Field yield index (tons/.7 ha).



Table 6.7

Regression Models of Other Selected Indicators of Worker Productivity on
Daily Cane Deliveries, Pre-Supplementation Period

DEPENDENT VARIABLE: MCANEI
INDEPENDENT VARIABLES I

R2Eq. INTERCEPT F P>F
MDWENERGYI MDWTIMEI FURROW1 GROUP MDWENERGYI MDWTIMEI FURROWI

* * *
GROUP GROUP GROUP

1 21.86* .002**
(19.01) (2.37) .048 5.62 .020

la 25.23* -.001 -5.96* .004* .163 7.14 .001(14.89) (0.68) (2.69) (3.24)

2 19.94* .006*** .098*
.U8 6.87 .002(14.77) (1.82) (2.67)

2a 24.99* -.007 .090 -7.72** .021* -.032 .218 5.59 .001
(9.90) (1.49) (1.07) (2.54) (3.57) (0.34)

It-values in brackets *p < .01 **p < .05 *** < .05 < p < .10

f-'
.......
f-'



Table 6.8

Regression Models of Other Selected Indicators of Worker Productivity,
on Daily Cane Deliveries, Supplementation Period

DEPENDENT VARIABLE: MCANE2-5

Eq. INTERCEPT INDEPENDENT VARIABLES1
R2 F P>FMDWENERGY2-5 MDWTIME2-5 FURROW2-5 GROUP . MDWENERGY2-5 MDlVTIME2-5 FURROW2-5

* *
GROUP GROUP

1 18.26* .005* .104 17 .93 .001(9.09) (4.23)

1a 29.02* -.001 -14.73* .008* .182 11.34 .001(7.72) (0.46) (3.36) (3.16)

2 8.94* .027* .262*
.307 34.08 .001(3.83) (5.53) (6.45)

2a 21.10* 0.003 .313* -15.75* .038* -.053 .390 19.29 .001(4.41) (0.34) (3.60) (2.92) (3.47) (0.55)

It-values in brackets

*p < .01

**p < .05

f-I......
I'V
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(a) both before and during supplementation, daily cane deliveries

were positively related to total energy expenditure at work, though

the latter did not explain much of the variation in daily productivity

levels; (b) the daily cane deliveries-energy inputs relationship

differed quite consistently between the two groups, both before and during

supplementation, suggesting that for a given increase in energy

expenditure at work, the response in terms of daily productivity was

higher in the RES Group again pointing to their greater comparative

efficiency during both phases of the study; (c) daily cane deliveries

were positively related to both total daily work-time and to an

indicator of the intensity of cutting: length of furrow cut/hour;

comparing the supplementation-periods with the pre-supplementation period

it appears that the daily cane deliveries-daily work time relationship

strengthened during the supplementation phase relative to the daily cane

deliveries-cutting intensity relationship;33 and (d) the greater

comparative efficiency of the RES Group workers, both before and during

supplementation, is also demonstrated by the positive coefficient of

the interaction term of daily work-time and the group effect, and the

comparative efficiency of the RES Group workers seems to have increased

during supplementation as the coefficient of the interaction variable

increased significantly.

33I t will be remembered that changes in total energy expenditure work
over time only reflect changes in total work-time and in the time
allocation pattern among different tasks, and not in intensity-levels
of executing those tasks as fixed energy costs per task were assumed
throughout the study period.
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These results will aid in the interpretation of the outcomes of

the pair-wise comparisons of different productivity indicators. More

importantly, if daily productivity levels were affected by certain

environmental conditions in the canefields, it is likely that the

effect came through variations in cutting intensity and/or total work

time, or total energy expenditure at work.

The mean differences of the pair-wise comparisons for selected

productivity indicators, by eupplementation group, are presented in

Table 6.9. The t-values below the means test whether the means are

significantly different from zero. A test of significance of mean

differences across groups, using an one-way analysis of variance, was

also performed. The results may be summarized as follows:

(a) Both groups, on the average, demonstrated a significant

increase in daily cane deliveries during supplementation, but

the increase was generally greater in the LES Group, which

does not support the main hypothesis of this study.

(b) During the second measurement period, both groups signifi

cantly increased their energy expenditure at work reflect

ing the significant increase in total daily work-time, and

both groups significantly decreased their cutting intensity,

but the RES Group workers more so than the LES Group

workers.

(c) During subsequent measurement-periods, total daily work-time

and total energy expenditure at work tended to fall to pre

supplementation-level in the LES Group, while their cutting



Table 6.9

Mean Differences1 of Selected Worker Productivity Indicators, Pair-Wise Comparisons
Between the Pre-Supplementation Period, and Various Measurement Periods During Supplementation

Producti- LES GROUP RES GROUP
vity Measurement Period Measurement Period

Indicator:
2 3 4 5 2-5 2 3 4 5 2-5

MCANE 4.70a,c 3.37a .58a 4.00a,b 3.24a,b 3.96a,c 3.24a .82a -1.09a,b 1.88a, b
(18.35) (11.07) (2.32) (8.98) (14.09) (18.08) (11. 23) (2.89) . (3.30) (9.40)

MDWTIME 70.5a 4.4 -3.2 13 .Ob 22.4a 65.7a 11.8 -35.3 -64.9a,b 1.9
(4.83) (0.38) (0.27) (1. 23) (2.46) (5.06) (0.75) (1.72) (3.77) (0.14 )

MDWENERGY 353a -11 -10 2 94a 406a 137 -76 -134 128a

(5.32) (0.20) (0.19) (0.04) (2.22) (8.40) (2.10) (1.03) (1. 92) (2.53)

FURROW -2.48a,b 1.49 9.48a,b 9.02a 3. 72a,c -8.37a,b 2.15 .70b 9.16a .42c

(4.59) (1.57) (13.58) (11.00) (6.00) (6.96) (1.30) (0.53) (4.59) (0.36)

WORKEVAL _ .29a, b - .09 .07 .37a,c - .02 - .14b - .28a - .06 .12c - .04
(4.60) (1.34) (1.08) (5.24) (0.32) (1.77) (2.62) (0.81) (1. 24) (0.57)

I-'

"IJI
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intensity generally increased significantly. In the HES

Group, however, total daily work-time tended to fall below

pre-supplementation levels, and a similar pattern emerged

for total energy expenditure at work, though during the

supplementation period as a whole, total energy expenditure

at work increased in the HES Group by about the same amount

as in the LES Group. Again, these results are not

consistent with the main hypothesis. The patterns of changes

in the cutting intensity of the HES Group workers generally

differed from that of the LES Group workers during

supplementation.

(d) A comparison of results during the fourth measurement-period

controls for a possible "harvest-stage" effect since this

period and the pre-supplementation period both covered

roughly the same period of the harvest season. However, the

only significant difference was in the cutting intensity of

the LES Group workers which increased significantly, both

absolutely and comparatively.

(e) Previous results (see Table 5.4) indicated that the group

difference in daily energy intake was the greatest during

the fifth measurement period (15th month of supplementation).

Thus it is during this period that we would expect the most

significant group-effect on productivity, if the results

would support the main hypothesis. This is clearly not the

case, as the productivity level of the HES Group fell signifi

cantly, while that of the LES Group increased significantly.
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(f) Work quality did not change significantly in the two groups

during the supplementation period as a whole. By indivi

dual measurement period, the pattern of changes in work

quality during supplementation was quite different between

the two groups. In the LES Group work quality generally

fell during the second measurement period, and improved

during the fifth period, while in the HES Group, work

quality fell during the third measurement period.

Clearly then, these results do not support the main hypothesis.

The mean changes in daily productivity levels were different between

the two groups, but in the "wrong" direction, especially during the

last measurement period. The evidence suggests that a "Hawthorne-

effect" may have been present during the second measurement period

when total daily work-time and total energy expenditure at work

increased significantly in both groups, only to return to pre

supplementation levels during subsequent periods in the LES Group, and

to fall below pre-supplementation levels in the HES Group. The

different patterns of changes in time and energy inputs, and in cutting

intensity, in each group is suggestive of the selection-history

interactive effect. Before investigating this issue, however, we

briefly return to another issue raised in the previous section.

The results of the analysis which looked at current energy intake

within the framework of human capital formation suggested that:

(a) older workers on low daily energy intake may be expected to

increase their daily productivity when significantly increasing their
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energy intake, (b) younger workers on low energy intakes would not

necessarily increase their daily productivity when increasing their

energy intakes significantly, and (c) workers of all ages on average

daily energy intakes would also be expected to increase their daily

productivity with a significant increase in energy intake, but

generally by less than older workers who were on low energy intakes.

Clearly then, the supplementation-effect on daily productivity may be

expected to differ among different age-groups, and among groups of

workers who were on different levels of daily energy intake during the

pre-supplementation period. This was tested in a regression analysis,

the results of which are presented in Table 6.10. Three age-groups

were established, taking as cut-off points the 33rd and 67th percen

tiles of the age distribution of both groups combined (AGEGRP:

~27, 28-39, and >40). The regressions were run separately for the

three daily energy intake groups defined in the previous section, as

well as for the three groups combined. The dependent variable is the

change in mean daily cane deliveries between the whole supp1ementation

period and the pre-supplementation period. The same regression model

for all three energy intake groups combined, but by measurements

periods, was also run (see Table A.6.7 of Appendix A). The results

are generally not consistent with the predictions from the previous

cross-sectional analysis. The change in daily cane deliveries generally

tended to decrease with age among workers on low daily energy intake,

the supplementation-effect (GROUP) has a negative coefficient, and the

interaction-term though positive as postulated, does not reach



Table 6.10

Regression Models of Age Groups and Supplementation Group on the Change in Daily Cane
Deliveries (Between the Pre-Supplementation, and Supplementation Periods), by Pre

Supplementation Energy Intake Groups, and for all Pre-Supplementation Energy Intake
Groups Combined

DAILY ENERGY INDEPENDENT VARIABLESI

R2Eq. INTAKE-LEVEL, INTERCEPT F P>F
PRE-SUPPLEMENTATION AGEGRP GROUP AGEGRP*GROUP

1 Low 8.45* -1. 81** -4.15*** 1.45 .253 3.28 .035
(X:2208 kca1s/day) (5.29) (2.36) (1. 99) (1. 53)

2 Average 4.44** .08 - .59 .02 .015 0.15 .926
(X:2965 kca1s/day) (2.60) (0.11) (0.24) (0.02)

3 High 6.99* -1.31 -2.68 1.35 .062 0.61 .612
(X:3680 kca1s/day) (3.64) (1. 33) (1. 08) (1. 07)

4 All 3.80* - .27 -2.89* .72*** .143 8.04 .001
(6.11) (0.92) (3.40) (1.87)

It-values in brackets

*p < .01
**p < .05

***p < .05 < P < .10

......

"\0
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statistical significance. For the workers on average or high daily

energy intakes during the pre-supplementation period, the change in

daily cane deliveries was generally not related to age, and no

positive supplementation-effect on productivity appeared to have been

present. For the three-energy intake groups combined the results

indicate some marginal inter-active effect between age and supple-

mentation: the supplementation-effect on productivity tended to be

greater among older workers (equation 4 of Table 6.10). This was

generally true during the second and fifth measurement periods (equa

tions la and 4a of Table A.6.7 of Appendix A).34 Thus, there is

some evidence that the supplementation-effect on worker productivity

may have been greater among older workers, irrespective of their

initial daily energy intake level.

We close this section by returning to the issue of whether the

results obtained so far are consistent with the rival hypothesis

provided by an interactive effect of selection with history. Clearly

our test can only be a partial test since we have available only limited

data for the set of variables which made up the construct "history".35

34Interestingly, the coefficient of the interaction term of the
regression for the fifth measurement-period is larger (1.13) as
compared to the coefficient for the second measurement period (0.71).
Previous results (see Table 5.4) indicated that the relative change
in the total daily energy intake of the HES group was also greater
during the fifth period (15th month of supplementation) as compared
to second period (3rd month of supplementation).

35Even if we would have been able to identify all the relevant variables
which would have defined "history" during the study-period, the data
collection effort required would clearly have been beyond the scope of,
and the resources available to, the present study.
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We shall proceed with the two canefield indicators which were pre

viously defined (see Chapter 4). The approach will be: (a) to

determine which indicators of worker productivity were affected by

different canefield conditions, and (b) to investigate whether the

canefield conditions affected the productivity of the two groups

differently during the various measurement periods. Regression models

are presented in which various productivity indicators are related

to the two canefield indicators: the yield per unit of land area, and

the field characteristics score. Separate regressions were run for

the pre-supplementation period (Table 6.11) and for the supplementa

tion period (Table 6.12). The results of the same regression models by

separate measurement periods during supplementation are presentation

in Appendix A (Tables A.6.8-A.6.ll). The results can be summarized as

follows: (a) Variations in field conditions during the pre-supplementa

tion period were not related to the inter-worker variation in daily

cane deliveries, in total daily work time and in total energy expended

at work. However, in higher yielding fields workers generally tended

to cut less intensively, as indicated by the negative coefficient of

MFYIELDI in equation 4 (Table 6.11). This compensating behavior may

explain why the daily cane deliveries did apparently not increase in

higher yielding fields. There is no evidence that the productivity

of the two groups was differently affected by the variation in field

conditions during the pre-supplementation period. (b) During the

supplementation period as a whole, variations in the physical

characteristics were significantly related to daily cane deliveries



Table 6.11

Regression Models of Canefield Indices and Supplementation Group on Selected
Productivity Indicators, Pre-Supplementation Period

DEPENDENT INDEPENDENT VARIABLES1

R2Eq. VARIABLE INTERCEPT F P>F
MFIELD1 MFYIELD1 GROUP MFIELD1* MFYIELD1*

GROUP

1 MCANE1 23.61* -.007 .012
.002 0.11 .898(10.96) (0.25) (0.42)

1a MCANE1 26.55* .011 -.032 -3.77 -.022 .058 .011 0.18 .967(4.65) (0.25) (0.43) (0.60) (0.38) (0.71)

2 MDWENERGY1 1138.8* 2.8 4.2
.030(4.46) (0.90) (1. 24) 1.36 .262

2a MDWENERGY1 378.9 -2.8 16.1*** 1086.0 5.5 -17.5*** .102 1.91 .100
(0.58) (0.54) (1. 91) (1. 51) (0.84) (1. 87)

3 MDWTIME1 361.8* - .02 .43 .004 0.18 .834
(6.65) (0.03) (0.60)

3a MDWTIME1 318.8** -1.02 1. 33 58.2 1.38 - 1.28 .022 0.39 .858(2.21) (0.91) (0.72) (0.37) (0.95) (0.62)

4 FURROW1 42.7* - .06 -.26* .223 11.45(9.60) (1. 22) (4.40) .001

4a FURROW1 26.6** - .14 -.04 15.16 .16 - .21 .274 5.82 .001(2.36) (1.61) (0.28) (1.21) (1. 42) (1.32)

It-values in brackets *p < .01 **p < .05 *** < .05 < p < .10

I-'
oo
N



Table 6.12

Regression Models of Canefield Indices and Supplementation Group on Selected
Productivity Indicators, Supplementation Period

DEPENDENT INDEPENDENT VARIABLESI
R

2
F P>FEq. VARIABLE INTERCEPT MFIELD2-5 MFYIELD2-5 GROUP MFIELD2-5* MFYIELD2-5*

GROUP GROUP

1 MCANE2-5 29.89* -.14* .01 .051 4.12 .018
(9.36) (2.69) (0.20)

la MCANE2-5 31. 44* -.24** .03 -1.68 .15 -.04 .065 2.09 .069(5.78) (1. 98) (0.40) (0.25) (1.10) (0.47)

2 MDWENERGY2-5 1823.6* -2.9 -1.1 .005 0.40 .672(8.76) (0.87) (0.42)

2a MDtVENERGY2-s 1719.2* 1-10.0 3.2 217.9 8.2 -6.7 .021 0.66 .661(4.84) (1. 25) (0.71) (0.49) (0.91) (1.18)

3 MDWTIME2-s 471. 02* -1. 21*** -.30 .018 1.44 .239(10.50 (1. 70) (0.52)

3a MDWTIME2-5 460.60* -1.99 .21 24.86 1. 23 -1.00 .031 0.96 .446(6.01) (1.15) (0.21) (0.26) (0.64) (0.81)

4 FURROW2-5 50.96* 0.17** -.35* .168 15.64 .001(10.37) (2.13) (5.56)
I

4a FURROW2-5 56.22* -.32*** -.38* -7.75 .17 I .07 .176 6.50 .001(6.68) (1. 71) (3.59) (0.74 (0.79) I (0.51)

It-values in brackets *p < .01 **p < .05 *** < .05 < P < .10

.....
00
w
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and to cutting intensity, and marginally to total daily work time.

The regression coefficients have the expected sign, i.e. the higher the

MFIELD score of the field (the less conducive the physical conditions

of the field to high productivity), the lower worker productivity.

The field yield index was again negatively related to cutting intensity

during this period. Daily cane deliveries generally tended not to be

higher in high yielding fields. The results provide no significant

evidence that the productivity of the workers of the two groups was

differently affected by the variations in field conditions during the

supplementation period as a whole. (c) Different results were obtained

when we looked at the effect of variations in field conditions on

worker productivity during separate measurement periods of the

supplementation phase (see Tables A.6.8-A.6.ll of Appendix A):

(i) Second measurement period: The variation in physical field

conditions was negatively related to daily cane deliveries

and cutting intensity, and comparatively had a greater

negative effect among the RES Group workers. Variation in

the yields of the canefields was negatively related to

cutting intensity, and also, marginally, to total daily

work time (and total energy expenditure at work). The

productivity of the workers of both groups was not

differently affected by field yields.

(ii) Third measurement period: Variation in field yields

remained negatively related to cutting intensity, and

marginally so to daily cane deliveries. There is no
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evidence that during this period the physical conditions and

yields of the fields differently affected the productivity

of the workers of the two groups.

(iii) Fourth measurement period: Variation in physical conditions

of the fields generally tended to have a negative effect on

total daily work time, and the negative effect tended to be

stronger in the HES Group. These physical conditions also

affected cutting intensity negatively, but more so in the

LES Group. On a net basis, the comparatively greater

negative effect of physical field conditions on the total

daily work time of the HES Group workers may have outweighed

the comparatively greater negative effect of field yields

on cutting intensity in the LES Group: physical field

conditions had a slightly greater negative effect on the

daily cane deliveries of the RES Group workers.

(iv) Fifth measurement period: The evidence for this period

suggests a comparatively greater negative effect of physical

field conditions on the total daily work time and total

energy expenditure at work of the RES Group workers.

Variation in field yields continued to be negatively related

to the cutting intensity of all workers but the cutting

intensity of the workers of the two groups was not differ

ently affected. Daily cane deliveries of all workers

during this period generally tended to increase with the

yields of the fields. The output level of the workers of
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the two groups appeared not to have been affected

differently by the physical conditions and yields of the

canefields.
36

The different relationships between the productivity indicators

and the field indices across the various measurement periods suggest a

"period effect", in that, the total conditions of the fields to which

the workers were assigned, were not comparable among measurement

periods. Also, there is some evidence that within several measurement

periods, the physical field conditions and/or the yields affected the

productivity of the workers of the two groups differently. This was

especially true during the second and fifth measurement periods, during

which the comparative changes in the productivity levels of the two

groups were contrary to expectation. Thus, some evidence exists in

support of the position that an interactive effect of selection and

history confound the interpretation of the results.

6.4. Summary

Using cross-sectional data of the pre-supplementation period, an

attempt was made to estimate the marginal increase in the stock of

human capital that may be expected from nutritional improvements at

different stages of the life cycle. The age-productivity profiles of

36The signs of the interactive terms are difficult to interpret
because of multicollinearity among the independent variables; for
example, the negative coefficient of GROUP may already capture the
comparatively greater negative effect on the productivity level of
the HES Group workers of the physical field conditions.
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selected productivity indicators were estimated and showed that:

(a) daily worker output tends to drop steadily with age after about

age 32; age does not seem to affect significantly the daily output of

younger workers; (b) total daily work-time, and total energy expendi

ture at work, tend to increase with age up to about age 35-36, and

thereafter, to fall with age; (c) younger workers tend to be more

efficient than older workers, because, per unit of time-input (or

per unit of energy input), they produce comparatively more output;

(d) energy expenditure at work per minute does not significantly change

with age, pointing to the fact that the allocation of time among

different work-tasks (with different energy requirements) does not

significantly change with age.

Improved energy intake, both during the growing years, and during

the productive phase of the life cycle, may be expected to lead to

human capital formation among sugarcane cutters in Guatemala. Adult

stature, as an indicator of energy intake during the pre-productive

phase of the life cycle, is positively related to worker productivity.

Tall workers have a significantly higher daily productivity level

than short workers, and the difference in daily productivity appears to

remain constant over the whole productive phase of the life cycle.

The present value at age 17 of the incremental life-time earnings

attributable to a significant increase in adult stature was estimated

and resulted in a significant sum.

Increased energy intake during the productive phase of the life

cycle may also be expected to lead to human capital formation,
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especially among older workers. Increases in the daily energy intake

of the Guatemalan sugarcane cutters generally tend not to lead to

increased energy stores or improved muscle area. In the study

workers, relative energy stores and muscle area are not significantly

associated with daily productivity, and this holds true generally for

workers of all ages. Thus, workers on higher daily energy intake also

tend to have higher levels of daily energy expenditure. Daily energy

intake tends to fall with age, but is significantly related to the

daily productivity levels of workers of all ages. Older workers on

low daily energy intake may generally be expected to increase their

daily earnings from sugarcane cutting by more than the daily outlays

required to raise their energy intake to average levels. Young

workers on low energy intakes may be expected to increase their energy

expenditure during non-work activities rather than at work, when

raising their daily energy intake to average levels. Workers of all

ages on average levels of daily energy intakes may be expected to

raise their daily earnings roughly by the same amount as the daily

outlay required to raise their energy intake to high levels. At

least, this appeared to be the situation in 1974, with the relative

prices prevailing then.

Using the Nonequivalent Control Group design of the study,

attempts were made to determine whether energy supplementation (when

resulting in a net increase in daily energy intake at zero cost to the

workers) may be expected to result in significant increases in worker

productivity. The possible presence of a selection-history interactive
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effect, which may confound the interpretation of the results, was also

tested for. Energy expenditure at work was shown to be positively

related to daily productivity, both before and during supplementation.

The RES Group workers retained their comparatively greater efficiency

during the supplementation period. Daily productivity during both

periods was significantly related to total daily work-time, and

cutting intensity (length of furrow cut/hour). The mean differences

of selected productivity indicators were computed in pair-wise

comparisons between measurement-periods during supplementation, and

the pre-supplementation period. The results indicate that the supple

mentation-effect on daily productivity was not greater among the RES

Group workers. The sharp increases in daily productivity and in total

daily work-time of both groups during the first supplementation period

tend to suggest a "Hawthorne-effect," especially, since total daily

work-time and energy expenditure at work in both groups generally

tended to fall to pre-supplementation levels (or lower) in subsequent

measurement-periods. The different patterns of changes in time-, and

in energy-inputs, and in cutting intensity, of each group is suggestive

of the presence of a selection-history interactive effect. Some

evidence emerged that suggests that the supplementation-effect on

daily productivity may have been greater among older workers,

irrespective of their initial daily energy intake (which tended to be

lower among older workers, however, during the pre-supplementation

period).
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Further results indicate that the various field conditions may

have affected the daily productivity of the two groups differently,

especially during those periods of the supplementation phase which

clearly demonstrate negative results. Most importantly, assignment

to fields with higher yields generally tended to reduce the intensity

with which the workers cut cane, though no effect of field yield on

daily prodcutivity was generally found. The physical conditions of

the canefields generally tended to be negatively associated with total

daily work-time: the less conducive the conditions of the field for

cutting were, the shorter the work-day, possibly because of the fatigue

state setting in earlier under those conditions.

These results tend to indicate that energy supplementation of

the sugarcane cutters did not result in human capital formation.

However, the interpretation of these results may be confounded

because of a selection-history interactive effect which was shown to

have been present, at least during part of the study-period.
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CHAPTER 7

Energy Supplementation and Worker Productivity:
Time-Series Models

7.1. Introduction

The purpose of including a time-series analysis of worker

productivity is to evaluate the impact of energy supplementation on

the long-term trend of worker productivity. As was previously

discussed (see Chapter 3), the internal validity of the Multiple

Time-Series (~ITS) design is superior to that of the Nonequivalent

Control Group (NeG) design used in the previous chapter. Whereas in

the previous analysis we examined individual worker behavior, in the

present chapter we shall examine group behavior. Consequently, the

questions that can be asked, and the hypotheses that can be tested,

are less specific. Yet, it can be argued that from a policy point

of view, it is more important to evaluate the long-run effect of

energy supplementation on the productivity levels of fairly homo-

geneous groups of workers. That is not to say that it is not

important to recognize that individual variations exist, even in

homogeneous groups. Thus, our previous analysis was fully justified

by providing us with a greater understanding of the underlying

mechanism~ of the energy intake--worker productivity relationship in

Guatemalan sugarcane cutters.

One issue which figures prominently in the longitudinal evalua-

tion of the impact of the energy supplementation program on worker

productivity is the possible presence of an interactive effect of
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selection with history (see section 3.2.4.2 above). Specific events

may have occurred during the three harvest seasons to which both

groups were not equally exposed and which may have affected their

productivity levels differently. It would be an impossible task to

identify all these events and to examine their repercussions in

detail. The data available to the study allowed us to examine the

impact of one major event: the dramatic increases in the price of

sugar on the international market that took place during this period

(see Chapter 3). These price increases created abnormal conditions

in the Guatemalan sugar industry, thus also weakening the external

validity of the present experiment.

The competition among the sugar mills in Guatemala for the

sugarcane produced by small, independent growers, intensified in

response to the sharp increases in the international market price of

sugar. The normal practice is for the sugar mills to buy sugarcane

put at the mill at the growers' expense. Starting with the 1973/74

harvest season, many sugar mills bought the sugarcane from the

independent growers "on foot", that is, uncut, standing in the field.

This practice intensified during the 1974/75 harvest season, and for

the independent growers had the advantage that it reduced their labor
1search costs, in addition to reductions in labor, equipment and

1Most small independent growers do not have a resident work force, and
must rely on short-term contract labor, who are often migrant workers
from the highlands. The supply of this labor fluctuates from harvest
season to harvest season, and is in large part dependent on the
economic conditions in the highlands. For example, good crops of
staple foods (maize, black beans, etc.), or high market prices for
cash crops, will reduce the supply of highland laborers for work on
coastal plantations.
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transportation costs. The sugar companies provided the labor and

equipment to cut the sugarcane, and transported the cut sugarcane to

their mills. Growers received a lower price for sugarcane sold uncut

as compared to the price of sugarcane put at the mill, but the

decrease in production costs must have more than compensated for the

loss in revenues. 2 Under conditions of increasing market prices for

sugar, sugar mills were concerned with establishing adequate future

supplies of cane. The practice of buying sugarcane "on foot"

provided an opportunity for the sugar mills to compete for cane from

independent growers, while officially adhering to the domestic cartel

price for sugarcane put at the mill. This form of effective price

competition also allowed the sugar mills to compete for long-term

sales contracts with independent growers.

This new development had important implications for the results

of the present study. The plantation company started to send groups

of resident cutters periodically to the plantations of independent

growers to cut sugarcane. These plantations were located at different

distances from the study plantation. The workers were daily trans-

ported by company vehicles to and from these plantations. Thus, the

daily starting hour of work was not determined by each worker indivi-

dually, but depended on the arrival hour of the transportation

vehicles at the work-site. The workers were usually picked up for

the return trip late in the afternoon, so that the effect on the

20therwise, this observed practice would have constituted irrational
economic behavior on the part of the independent growers.
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actual quitting hour may have been minimal. Importantly, the two

groups of workers in the study were usually not sent out to the same

outside plantations during the same periods of the harvest-season.

The flow of sugarcane from independent growers and daily

fluctuations in this flow, may have had an impact on the daily flow

to the mill of cane from the study plantation. Sales contracts are

usually written before the harvest season begins. This allows the

company to plan, to some degree, the daily flow of cane from indepen-

dent growers to the mill, in an attempt to avoid congestion, or

costly periods of under-utilization of mill capacity. Sales contracts

continued to be written by the plantation company during the 1973/74

and 1974/75 harvest seasons, in an effort to obtain the maximum

possible supply of cane from independent growers. Given a maximum

mill capacity during any given harvest season, congestion'of cane at

the mill did occur, which led to the manipulation of the daily flow

of cane from the fields of the plantation where the study took place.

Such congestion may also have occurred when the effective mill

capacity was reduced due to mechanical failures requiring repairs.

Reportedly, two forms of adjusting the daily flow of plantation cane

were employed, either separately or simultaneously.3 One form was to

reduce or increase the number of workers who were assigned to cut cane.

The second form was to manipulate the daily deliveries of cane from

the fields by controlling the availability of carts and tractors which

3Personal communication from the plantation administrator, Mr. Ricardo
Diaz.
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transport the cane from the fields to the mill. The importance of

this second form of manipulation was that the cutters did not have

complete control over their daily deliveries of sugarcane.

7.2. Some Extraneous Variables Examined

In light of the previous discussion we seem well justified in

examining some of the extraneous variables more closely before

attempting to demonstrate a positive supplementation effect on the

long-run productivity level of the RES Group. In order to demonstrate

that the presence of an interactive effect of selection and history

may provide a plausible rival hypothesis, it is necessary to show

that: (a) the two groups were over time differently exposed to the

extraneous variables which define "history" in the present study,

and (b) the productivity levels of the two groups were differently

affected by these extraneous variables. The purpose of this section

is to examine the first issue, while the latter issue will be closely

examined in section 7.4 of this chapter. As stated before, "history"

is defined in this study of necessity, in a limited way. We shall

investigate the following effects: (a) harvest-effects, (b) mill

capacity effects, and (c) field conditions effects (for the 1974/75

harvest season only).

7.2.1. Harvest Effects

In Figure 7.1, the weekly group means of daily cane deliveries

are presented by harvest-season. The most striking feature of these

time-series data is the high inter-week variation in group means.



Figure 7.1. Mean Daily Worker Productivity during Three
Harvest Seasons, by Supplementation Group.
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This variation was comparatively higher for the LES Group during the

1972/73 and 1973/74 harvest seasons, and higher for the HES Group

during the 1974/75 harvest season. 4 Also, the patterns of week-to-week

fluctuations in the group means did not resemble each other: (i) both

within each harvest-season and between the two groups, and (ii) across

the three harvest-seasons and within each group. These observations

are suggestive of the fact that conditions during each harvest-season

were inherently different, and that those conditions affected the

two groups differently.

A three-way analysis of variance was performed to test for a

harvest-effect. The results are presented in Table 7.1. The variable

CANEDELV is the weekly group mean of daily cane deliveries, and HSEASON

is a classes variable for the harvest seasons. It seems that there

were significant differences in mean daily cane deliveries among the

three harvest-seasons, no difference, on the average, between the two

groups, and no significant interactive effect. Thus, there were

significant differences among the three harvest-seasons, which apparen

tly did not affect the two groups differently.5

4The coefficients of variation (%) of the harvest means were as
follows:

Harvest Season:

1972/73
1973/74
1974/75

LES Group

13.1
15.2
11.7

HES Group

10.7
11.5
14.8

5To some extent this analysis also provides a test of a positive
supplementation effect which, if present, may have resulted in a
significant interactive effect.



198

Table 7.1

Three-way analysis of variance of weekly group means of daily
cane deliveries (CANEDELV) to test for a harvest- and group-effect

Mean sum
Sources of variation of squares F Pr > F

HSEASON 80.43 7.17 .008

GROUP 8.71 0.78 .379

HSEASON*GROUP 1.19 0.11 .745

~--------------------------------------------- ---------- ------------

MODEL 30.11 2.69 .047

ERROR 11. 21

The configurations of the group means in Figure 7.1 suggest a

recurring cyclical pattern in group productivity. These patterns are

accentuated when the moving averages of group productivity are plotted

over time, by harvest-season (Figure 7.2). A distinct U-shape pattern

emerges for each harvest-season, suggesting that a harvest-season

cannot be treated as a homogeneous time-period, but rather as two

dissimilar time-periods: a first sub-period of generally declining

worker productivity, and a second sub-period of generally increasing

productivity. This seasonal pattern may have been related to the

seasonal pattern of daily flows of cane to the mill from independent

growers. These cane deliveries grew in volume during the first half

of the harvest-season, tended to peak in February or March, after

which they tapered off again (see Table A.7.l of Appendix A). The
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repercussions of this pattern on the available mill capacity for

processing company cane, and on the proportion of total mandays

worked/week in cane cutting by each group is examined more closely in

the next section.

It appears reasonable to conclude that the first half of each

harvest season represented a period of time during which important

conditions were very different from those during the second half. 6

Coincidentally, the energy supplementation program was implemented at

the approximate start of the second half of the 1973/74 harvest season.

Each harvest season was divided into two sub-periods, taking the date

at which the supplementation program was started as the dividing

point. The sub-periods are detailed in Table 7.2. A more appropriate

approach to measure harvest-effects is a comparison across similar

harvest sub-periods. The three-way analysis of variance was repeated,

separately for the first sub-periods (PERIODl), and for the second

sub-periods (PERIOD2) of the harvest-seasons. The results in

Table 7.3 indicate that a significant harvest-effect can be identified

among first sub-periods, but not among second sub-periods. In other

words, the harvest-seasons appear to have differed in the conditions

which generally proVided declining trends in worker productivity, but

not in the conditions which generally tended to result in increased

productivity. In the following section we continue to examine some

of those conditions.

6Heywood (1974) reached a similar conclusion in his study of Jamaican
sugarcane cutters.



Table 7.2

Definition of Harvest Sub-Periods:
1972/73, 1973/74 and 1974/75 Harvest Seasons

201

Harvest Season Sub-period Dates

1972/73 1 Nov. 16, 1972-Apr. 4, 1973

1972/73 2 Apr. 5-June 20, 1973

1973/74 3 Dec. 13, 1973-Apr. 3, 1974

1973/74 4 Apr. 4-Aug. 7, 1974

1974/75 5 Nov. 14, 1974-Apr. 2, 1975

1974/75 6 Apr. 3-June 11, 1975



Tabe1 7.3

Three-way Analysis of Variance of Weekly Group Means of Daily
Cane Deliveries (CANEDELV) ";':0 Test for a Harvest- and Group

Effect, Across Df.ffe rerrt Harvest Sub-periods

Sources of Meal. sum Sources of Mean sum
variation of squares F Pr>F variation of squares F Pr>F

PERIOD1 42.35 4.02 .OLf5 PERIOD 2 21.38 1.89 .174

GROUP 0.10 0.01 .923 GROUP 20.77 1. 83 .180

PERIOD*GROUP 6.81 0.65 .423 PERIOD2*GROUP 0.73 0.06 .800

-------------- ----"'-------- ------ ------- --------------- ------------ ------ ---
MODEL 16.42 1.56 .202 MODEL 14.29 1. 26 .294

ERROR 10.53 ERROR 11.33

N
o
N
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7.2.2. Mill Capacity Effects

For the following analysis, several new variables needed to be

defined. The first variable is the mean daily percent of maximum

7mill capacity available to process company cane (MILLCAP). The

maximum mill capacity was obtained fro@ the plantation company for each

8harvest season. Mill time lost due to routine maintenance and

mechanical failures was subtracted from the maximum mill capacity, and

the result was defined as the effective mill capacity. Mill capacity

taken up by processing cane from independent growers was then subtracted

from the effective mill capacity, and the residual mill capacity was

9assumed to have been available to process company cane.

The second variable we defined is the mean daily deliveries (tons)

of company cane to the mill (COMPCANE). Cane bought "on foot" by the

plantation company from independent growers was considered company

7The variable mnemonics are given in capital letters and in brackets.

8The maximum production capacity of the mill increased by about 12%
during each of the last two harvest seasons.

9Thus , MILLCAP(%) .. =
J.J

«a. (168 - t..» - OUTCANE . .)
J J.J J.J X 100%

a. (168 - t .. )
J J.J

.th
J:--

.th
J--where: a. = maximum hourly mill capacity (tons) during the

J harvest season (j = 1, 2, 3)
t .. = total hours of mill time lost due to routine

J.J maintenance a¥8 mechanical failures during the
week of the j-- harvest season, and

OUTCANE .. = total deliveries of cane (tons) from
J.J th

independent growers during the i-- week of

h . th h tt e J-- arves season.

For weeks with holidays, when no cane deliveries were made and the
mill was shut-down, the total number of hours per week was accordingly
reduced.
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cane. Lastly, a third variable was defined for each group separately

as the percent of the total mandays worked per week spent cutting

(and loading) cane (MANDCANE).lO

According to the data presented in Table A.7.2 (Appendix A),

the effective mill capacity available for the company cane, and the

daily flow of company cane, both fell significantly on the average

during the 1974/75 harvest season as compared to the two previous

seasons. The inter-week variation in both variables also increased

significantly during the last season. The daily flow of company cane

was positively correlated with the available mill capacity for company

cane during the 1972/73 and 1974/75 harvest seasons (r = .542

(p < .01), and r = .430 (p < .02), respectively). This was, however,

not the case for the 1973/74 harvest season (r = .026 (p > .05»,

suggesting that serious congestions of cane at the mill, or under-

utilization of mill capacity were less frequent during this season, thus

requiring no drastic changes in the daily flow of company cane to the

mill. The relatively lower inter-week variation in MILLCAP and

COMPCANE during the 1973/74 harvest season also suggests this. The

results of the one-way analysis of variance presented in Table 7.4

strongly suggests that a harvest effect was present for both these

variables.

laThe mandays lost due to absenteeism are thus left unconsidered, and
MANDCANE may well be related to absenteeism: e.g. absent workers may
be temporarily replaced by workers who were employed in tasks other
than cutting cane.



Table 7.4

One-way Analysis of Variance of Effective Mill Capacity Available for
Company Cane (MILLCAP), and of the Daily Deliveries of Company Cane

(COMPCANE), to Test for a Harvest-Effect

DEPENDENT VARIABLE: MILLCAP
Source Mean Source Mean Source Mean

of vari- sum of of vari- sum of of vari- sum of
ation squares F Pr>F ation squares F Pr>F ation squares F Pr>F

HSEASON 2858 5.33 .006 PERIOD1 3420 12.45 .0001 PERIOD2 1601 8.42 .001

ERROR 536 ERROR 275 ERROR 190

DEPENDENT VARIABLE: COMPCANE
Source Mean Source Mean Source Mean

of vari- sum of of vari- sum of of vari- sum of
ation squares F Pr>F ation squares F Pr>F ation squares F Pr>F

HSEASON 574599 9.83 .0001 PERIODI 367517 6.13 .003 PERIOD2 448361 21. 52 .0001

ERROR 58460 ERROR 59906 ERROR 20831

N
o
In
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It was previously suggested that one way in which the daily flow

of company cane to the mill was manipulated was through changes in the

cane cutting work force. We would expect the average weekly percent

of total mandays spent in cane cutting (MANDCANE) to be positively

correlated with MILLCAP and COMPCANE. The data in Tables A.7.1 and

A.7.2 (Appendix A) indeed suggest (a) a general tendency for MANDCANE

of both groups to decline and increase with MILLCAP in each harvest

season, (b) that this tendency was the strongest during the 1974/75

harvest season (as also suggested by the correlation coefficients of

MANDCANE and COMPCANE, and of MANDCANE and MILLCAP, by harvest-season in

Table A.7.3 of Appendix A) when the effective mill capacity available

for company cane fell to extremely low levels. Mean MANDCANE for each

harvest season was consistently lower for the HES Group and showed a

greater inter-week variation for the HES Group as well (Table A.7.2;

Appendix A). In addition, MANDCANE and COMPCANE were significantly

correlated for the HES Group during the 1973/74 harvest season, but

not for the LES Group (Table A.7.3; Appendix A). Thus, the percent of

mandays/week spent cutting cane by each group may have been differently

affected when the daily flow of company cane needed to be decreased or

increased significantly. It appears that the RES Group generally had

a less stable task assignment pattern than the LES Group.

A three-way analysis of variance, to test for harvest-, group-,

and an interactive effect on MANDCANE, is presented in Table 7.5. The

results indicate that: (a) a significant harvest effect was present,

which was stronger among the first sub-periods of the harvest seasons,



Table 7.5

Three-way Analysis of Variance of the Percent of Total Manday/Week Spent
Cutting Cane (MANDCANE), to Test for a Harvest- and Group-Effect

DEPENDENT VARIABLE: MANDCANE
Sources Mean Sources Mean Sources Mean

of sum of of sum of of sum of
variation sQuares F Pr>F variation sQuares F Pr>F variation SQuares F Pr>F

HSEASON 1755 6.52 .012 PERIOD1 1853 6.26 .014 PERIOD 2 248 1.62 .207

GROUP 1796 6.67 .011 GROUP 1068 3.61 .060 GROUP 448 2.93 .091

HSEASON*GROUP 436 1. 62 .205 PERIOD1*GROUP 245 0.83 .365 PERIOD2*GROUP 17 0.11 .739

-----------------------f------ ------ ------------- --------- ----- ------ -----------------------f------ ----
MODEL 1329 4.94 .003 MODEL 1055 3.57 .017 MODEL 237 1.55 .207

ERROR 269 ERROR 296 ERROR 153

N
o
-..J
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when MILLCAP generally tended to decline, and (b) a significant group-

effect was also present which again was stronger among the first sub-

periods. These results thus confirm earlier findings. However, the

results of the analysis of variance do not provide evidence that

suggests that the percent of total mandays/week spent cutting cane by

each group was differently affected among harvest seasons. But that

leaves as a possibility that this proportion was differently affected

within each harvest season.

7.2.3. Field Assignment Effects

With the start of the 1974/75 harvest season a daily register was

maintained of the canefields to which each group had been assigned.

This information could not be obtained retrospectively from the plan-

tation Company for the 1972/73 and 1973/74 harvest seasons. Both

groups were very seldom assigned to the same canefield on the same

day. Canefields differed as to thei= physical characteristics, their

yields, as well as to their location. Results presented in the pre-

vious chapter suggest significant relationships between field charac-

teristics and daily productivity levels.

Frequency distributions of the days worked by each group on

canefields with different characteristics were computed, and a test

of significance of the difference in group distributions was performed

. h 2 ..uSlng t e X statlstlC. The results are presented in Table A.7.4

(Appendix A) and suggest in general a significant difference in the

distributions of days worked among canefields with different charac-

teristics. Particularly, the distributions of days worked of each
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group among fields with different yields, with different terrain

gradients, and with different degrees of rockiness, showed signifi-

cantly different patterns. Also, both groups did generally not work

at the same time in canefields with similar physical characteristics,

with similar yields, or located either on or off the study plantation. 11

These observations were generally confirmed by the results of a three-

way analysis of variance, presented in Table 7.6. YIELD and FIELD

were defined as the weighted weekly means of the yields, and of the

field characteristics scores, respectively, of the canefields to which

each group had been assigned. 12 DOFF was defined as the number of

days/week that each group had been assigned to a canefield located off

the study plantation. The results indicate a significant sub-period

effect (PERIOD56) in YIELD and FIELD, and marginally, in DOFF. This

means that on the average the two sub-periods of the 1974/75 harvest

season differed in terms of the types of canefields to which both

groups were assigned. A significant group-effect can only be

llFor example, only on 10 days (out of a total of 173) did both groups
work at the same time in canefields located off the study plantation.
On seventy-one percent of the total days worked, both groups work
simultaneously in canefields with similar yields.

12Thus,

X
m

n
= ( E d.. (X.»)

j=l 1.J l.
wherem'

n
( E
j=l

d . .)
l.J m

X. = the yield (or the field characteristics score) of the i t h
l. canefield,

= the number of days worked by the group on the i t h canefield
thduring the m-- week.



Table 7.6

Three-way Analysis of Variance of YIELD, FIELD and DOFF to Test for a
within-harvest Season- and a Group-effect

DEPENDENT VARIABLE:
YIELD FIELD DOFF

Mean Mean Mean
Sources of sum of sum of sum of
Variation squares F Pr>F squares F Pr>F squares F Pr>F

PERIOD56 2113 19.33 .0001 580 5.55 .022 20.8 3.92 .053

GROUP 69 0.63 .430 425 4.06 .049 6.5 1. 22 .274

PERIOD56*GROUP 495 4.53 .038 234 2.24 .140 5.2 0.99 .324

--------------- --------- ------- -------1----------1------- ------ --------- ------ -----
MODEL 892 8.16 .0002 413 3.95 .013 10.8 2.04 .118

ERROR 109 105 5.3

N
I-'
o
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demonstrated in FIELD. However, in this respect the frequency distri-

butions presented in Table A.7.4 are more revealing. Interestingly, a

clear interactive effect of selection with the assignment over time

of the groups to canefields which differed in yields is demonstrated in

the analysis of variance table of YIELD. The canefields to which the

two groups were assigned differed significantly in their average

yields between the group and among the two sub-periods. Thus, if

canefield yields were related to group productivity over time, then we

have clear evidence of an interactive effect of selection with history.

We can only speculate as to what the situation may have been during

the first two harvest-seasons; however, it is clear that the presence

of an interactive effect of selection and history can no longer be

ruled out as providing a valid rival hypothesis.

7 3 L . d' 1 M d 1 R h T . U' C E' 13•. ong1tu 1na 0 e s: ypot eses est1ng s1ng ontrast st1mates

We shall now proceed to test whether a supplementation (or treat-

ment) effect on the productivity level of the RES Group was present.

From what has previously been demonstrated, it is clear that the two

groups did not have a comparable pattern of work assignments during the

various harvest seasons. The impact on worker motivation and on work

efficiency of the practice of withdrawing and returning workers to

sugarcane cutting is difficult to assess with the data at hand. Worker

motivation may have suffered if the work tasks, to which the sugarcane

l3"Contrast estimate" is merely an elegant (and shorter) term for:
"the difference in group means."
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cutters were assigned when they were not working in the canefields,

were less energy-demanding, had higher social prestige, and/or were

h " h "14
~g er pay~ng. Worker efficiency in cane cutting may well have

suffered after prolonged absences from the work in the canefields.

On the other hand, it can be argued that high productivity workers may

have been the first to be withdrawn from cane cutting, and the last to

be returned, as a reward for high productivity. In fact, the analysis

in the following section appears to support the second contention:

the mean productivity level of each group tended generally to fall with

declines in the ratio of mandays spent cutting cane to total mandays

worked by the group.

Since many of these effects could not be quantified, we seemed

justified in taking a slightly different approach. It was decided

to establish two sub-samples, one fram each group, of sugarcane

cutters who had a more consistent pattern of cutting sugarcane through-

out the three harvest seasons. A basic constraint stipulated that the

minimum subsample sizes should be such that the original sample sizes

would not be reduced by more than one-third (LES Group ~ 42, and RES

Group ~ 63). The criterion used to establish the sub-samples was a

percentage of the total number of weeks during the three harvest

seasons combined, during which the worker had to have cut cane at least

1 day/week. This percentage was first set at ~ 90%, but the two groups

could not meet the basic constraint at this level. It was then

l4For example, at times cane cutters were assigned to work in the mill,
which work was less energy-demanding and had a higher social status.
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reduced, until at ~ 75%, the LES Group met the basic constraint.

However, it was necessary to reduce this percentage further to

> 70% before the HES Group met the minimum sub-sample size constraint.

Thus, the two sub-samples include all workers of the original groups

who, during 70% or more of the weeks of the whole study period (three

harvest seasons), cut sugarcane at least 1 day/week. The sub-sample

sizes are then 49 and 64 for the LES Group and HES Group, respectively.

These sub-samples may be said to be more homogeneous as to the

consistency in work pattern over time than the original groups.

However, the relatively low percentage for the work-pattern criterion

that needed to be specified in order to meet the basic constraint for

establishing the sub-samples, points to some degree of inconsistency

15in work pattern over time that remains even in these sub-samples.

Regressions were individually run for each worker included in the

sub-samples. The regressions were also run separately for the pre-

supplementation period, the supplementation period, and for each

harvest sub-period as defined in the previous section. The regression

model was:

CANE .. = f (TIME.), where
1J J

CANE .. equals the mean daily cane deliveries (in 100 wts.) of the i t h
1J

worker during the jth week. The individual regressions were averaged

15Thi s approach may also exclude the high productivity workers of
each group from the analysis here because of the positive corre
lation between the group mean productivity level and MANDCANE (see
next section).
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within each sub-sample, and the mean regression was used to estimate

the mean productivity level (ECANE) at the end of the period over

which the individual regressions were computed. In some cases, the

mean productivity level at the end of the next sub-period was estimated

by extrapolating the means regression line. Thus, for instance,

ECANE2,1 is the estimated mean productivity level at the end of the

second sub-period using the sub-period 1 mean regression line.

The first three hypotheses, listed in Table 7.7, test for a sub

16period effect within each harvest-season. The second and third

hypothesis also test for a supplementation effect net of a sub-period

effect. The outcome of the first test suggests a differential sub-

period effect during the 1972/73 harvest-season, which, in turn, is

suggestive of an interactive effect of selection with history. The

outcomes of the next two tests (hypotheses 2 and 3) indicate a posi-

tive supplementation effect within the 1973/74 harvest-season, and

no supplementation effect within the 1974/75 harvest-season: the

contrast estimates under both hypothesis were postulated to be greater

than zero, but only the contrast estimate under hypothesis two resulted

significantly greater than zero.

The next five hypotheses test for a supplementation-effect net

of harvest-effects. The contrast estimates under all five hypotheses

were postulated to be greater than zero since each comparison, with

the exception of hypothesis 6, involved a sub-period before supple-

l6See the previous section for the definition of the harvest sub
periods; the subscripts "hes" and "les" refer to the RES and LES
groups, respectively.



Table 7.7

Table of Hypotheses of the Supplementation Effect
in the HES Group: Contrast Estimate,

Standard Error and F-Statistic

Contrast Stand.
Hypothesis: Model: Estimate: Error: F P>F

1 (ECANE2,1-ECANE2)hes-(ECANE2,1-ECANE2)les = 0 7.26 1.29 31.57 p<.Ol

2 (ECANE4,3-ECANE4)hes-(ECANE4,3-ECANE4)les > 0 10.58 2.65 15.96 p<.Ol

3 (ECANE6,5-ECANE6)hes-(ECANE6,5-ECANE6)les > 0 1.55 1.14 1. 85 p>.05

4 (ECANE4-ECANE2)hes-(ECANE4-ECANE2)les > 0 2.98 0.91 10.60 p<.Ol

5 (ECANEs-ECANE3)hes-(ECANEs-ECANE3)les > 0 -S.43 1. 23 19.62 p<.Ol

6 (ECANE6-ECANE4)hes-(ECANE6-ECANE4)les > 0 -5.05 0.97 27.18 p<.Ol

N.....
VI



Table 7.7. (Continued) Table of Hypotheses of the Supplementation Effect in the HES Group:
Contrast Estimate, Standard Error and F. Statistic

Contrast Stand.
Hypothesis: Model: Estimate: Error: F P>F

7 (ECANES-ECANEl)hes-(ECANES-ECANEl)les >0 -4.81 0.79 37.17 p-c.O],

8 (ECANE6-ECANEZ)hes-(ECANE6-ECANEZ)les > 0 -Z.07 1.01 4.20 p<.05

9 (ECANEsup-ECANEpre)hes-(ECANEsup-ECANEpre)les > 0 0.09 1.18 0.01 p>.OS

10 (ECANES-«ECANEl+ECANE3)/Z))hes-(ECANES-«ECANEl+

ECANE3)/Z))les > 0 -5.1Z 0.8Z 39.37 p<.Ol

11 «(ECANE6+ECANE4)/Z)-ECANEZ)hes-«(ECANE6+ECANE4)/Z)

-ECANEZ)les > 0 0.45 0.83 0.Z9 p>.05

N
I-'
0\
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mentation and the same intra-harvest, sub-period during supplementa-

tion. For example, in hypothesis 4, we compared the second sub-

period of the 1~73/74 harvest-season against the second sub-period of

the 1972/73 harvest-season. The outcomes suggest: (a) a positive

supplementation-effect net of harvest-effects during the fourth sub-

period, i.e. the first sub-period of the supplementation phase

(hypothesis 4), (b) no supplementation effect, net of harvest effects,

when comparing first intra-harvest sub-periods (hypotheses 5 and 7),

and (c) no supplementation effect during the second sub-period of

the 1974/75 harvest-season (hypothesis 8). The outcome of the test

provided by hypothesis 6 also indicates that the positive supp1ementa-

tion effect during the 1973/74 harvest was no longer present a year

later.

Hypothesis 9 aimed at demonstrating a positive supplementation

effect by comparing the supplementation period against the pre-

1 t " . d 17supp ementa 10n per10 • A positive supplementation effect could

not be demonstrated by this test. Equally, when controlling for

harvest effects, such as in hypotheses 10 and 11, no positive supple-

mentation effect could be demonstrated.

The results of the analysis presented here tend to suggest:

(a) a positive supplementation effect right after the supplementation

program was initiated (sub-period 4), (b) no positive supplementation

effect thereafter (sub-periods 5 and 6), and (c) the possible presence

17The subscripts "sup" and "pre" refer to the supplementation-, and
pre-supplementation periods, respectively.
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of a differential sub-period effect within each harvest-season; thus

confirming results presented in the previous section. The interpre-

tation of the results so far appears to be confounded by the possible

presence of interactive effects of selection and history during the

experiment. The following analysis will attempt to provide greater

control for the presence of these interactive effects.

7.4. Longitudinal Models: Hypotheses Testing Using Regression
Analysis

In this section we shall take a different approach in an attempt

to demonstrate a supplementation effect on the mean productivity

level of the RES Group. The same harvest-, and sub-periods are involved

in the analysis here as in the previous sections. The analysis in

the previous section, however, did not include some of the extraneous

variables which were discussed in section 7.2, and which may have

been related to the group productivity levels. The hypotheses which

the analysis here will attempt to test are:

(1) fluctuations in effective mill capacity, and in other

extraneous variables by which harvest-seasons differed,

significantly explain long-run fluctuations in mean

productivity levels;

(2) controlling for these extraneous variables, a significant

supplementation effect in the HES Group was present; and

(3) the interactive effect of selection with certain extraneous

variables can be shown to provide a plausible rival hypo-

thesis to the hypothesis in (2).
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In order to test the first two hypotheses, a linear regression

analysis was undertaken, the results of which are presented in

Table 7.8. Two new variables were included, and the remaining variables

were previously defined in section 7.2. TIME is a trend variable, and

SUPPER is a dummy variable which identifies the pre-supplementation-,

and the supplementation-periods. MILLCAP was retained in the model to

capture the effects of changes in effective mill capacity for company

cane, over and beyond their effect on MANDCANE. 18 Three different

models were specified: (a) Model 1 which includes the full study

period, and (b) Models 2 and 3 which include the first, and second

harvest sub-periods, respectively. The term SUPPER*GROUP was included

to test for the supplementation effect in the RES Group, after

controlling for the relevant extraneous variables. Thus, the inter-

active term was hypothesized to be positive.

The results may be summarized as follows:

(a) Modell: Mean productivity showed a slight downward trend,

but the trend line was significantly higher during the

supplementation-period. In the stepwise regression analysis

of Modell, USPPER entered as the first independent variable

(see Table A.7.S of Appendix A). MANDCANE and MILLCAP were

both significantly related to mean productivity, though the

results of the stepwise regression analysis indicate that

the former had greater explanatory power. Mean productivity

l8I t was previously explained that the management of the daily flow of
company cane to the mill also involved the manipulation of the
availability of carts and tractors which hauled the cane from the
fields to the mill.



Table 7.8

Three Regression Models to Test for a Positive Supplementation
Effect on the Long-run Productivity of the RES Group

Regression Coefficients1

Variables: Model 1 Model 2 Model 3,

INTERCEPT 18.95* 16.82* 28.95*
(12.15) (9.21) (7.18)

TIME -0.09* -0.13** 0.28**
(2.61) (2.20) (2.29)

SUPPER 3.87* 5.16* 2.67
(3.85) (3.29) (1. 62)

MANDCANE 0.04* 0.06* 0.02
(2.76) (2.82) (0.68)

MILLCAP 0.04* 0.04 -0.03
(3.13) (1. 96) (0.92)

GROUP 0.08 0.81 -1.69
(0.13) (1.16) (1. 28)

HSEASON 2.14**
(2.13)

PERIODl 3.15
(1. 58)

PERIOD2 -10.07**
(2.55)

SUPPER*GROUP -0.55 -1.17 1.10
(0.61) (1.00) (0.70)

R2 .221 .268 .215

F 7.24 5.32 2.58

Pr F .0001 .0001 .0203

1t-va1ues in brackets

*p < .OJ; **p < .05
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was not significantly different between the two groups, and

a positive harvest effect was present. A positive supple

mentation effect cannot be demonstrated as the interactive

term had a non-significant coefficient.

(b) Model 2: The results for this model resemble those of the

first model: a generally downward trend in mean productivity,

a strong supplementation-period effect, andMANDCANE (and

MILLCAP marginally in this model) related to mean producti

vity. No group difference in mean productivity, and no

significant harvest-effect. No positive supplementation

effect in the HES Group during the first sub-periods can be

demonstrated.

(c) Model 3: As was already previously demonstrated, mean

productivity showed a positive time trend during the second

sub-periods. A negative harvest effect was present, but no

positive supplementation effect on the HES Group during the

second sub-periods can be demonstrated. MANDCANE and

MILLCAP were not related to mean productivity levels, and no

significant supplementation period effect was present.

We conclude, thus, that hypothesis 1 was generally found to be

true. MANDCANE and MILLCAP were generally related to mean producti

vity levels over time, though mostly during the sub-periods of the

harvest-seasons when the effective mill capacity available for company

cane showed a downward trend. When this mill capacity tended to

increase, other factors, not included in the analysis here but with
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their effect possibly captured by the harvest-effect variable, may

~ignificantly have affected mean productivity over time. The results do

not support hypothesis 2, and no significant supplementation effect in

the RES Group can be shown.

We proceed now to test the third hypothesis. The three models

of Table 7.8, minus the interactive terms, are presented, by group and

for both groups combined, in Tables 7.9, 7.10 and 7.11. A test of

equality between regression parameters of two different data sets was

performed, both for the models as a whole, and for each independent

19 20variable separately. For each test, a F-statistic was computed.

The null hypothesis was that the two regression coefficients, or the

two sets of regression coefficients, were equal, and a statistically

significant F value lead to the rejection of the null hypothesis. The

F-statistics and their significance level are also presented in

Tables 7.9, 7.10 and 7.11.

The coefficients of determination of the regression models were

generally low, and did not differ much between groups. Variables not

included in the models tended to account for most of the variation

in the mean productivity levels of each group. The RES Group showed

a comparatively higher regression coefficient of SUPPER in Models 4

19An alternative approach would be to expand the three models in
Table 7.8, by adding interactive terms of GROUP with the independent
variables which were to be tested for equality between the two
groups.

20Thi s is often referred to as the "Chow-test" (Fisher, 1970; Chow,
1960). The F-statistic is:



Table 7.9

A Regression Model to Test the Rival Hypothesis of an Interactive
Effect of Selection and History--Mode1 4

N
N
W

**p > .05*p > .01

CANEDELVdent Variab1

It-values in brackets

D-- --- - -

Regression Coefficient1 Test of Equality between
Coefficients

Variables: LES Group HES Group Both Groups F Significance-level

INTERCEPT 17.86* 20.48* 18.98*
(7.50) (10.97) (13.08)

TIME -0.08 -0.09 -0.09*
(1. 74) (1. 92) (2.61)

SUPPER 3.18** 3.97* 3.60* 0.21 P > .05(2.48) (3.19) (4.03)

MANDCANE 0.03 0.04** 0.04* 0.09 p > .05
(1. 46) (2.34) (2.86)

MILLCAP 0.06* 0.01 0.04* 6.78 p < .01
(3.77) (0.68) (3.15)

HSEASON 2.47 1. 72 2.14** 0.93 p > .05
(1. 73) (1.23) (2.14)

Model 1. 29 p > .05

R2
.290 .199 .218

F 7.12 4.37 10.10

Pr > F .0001 .001 .0001



Table 7.10

A Regression Model to Test the Rival Hypothesis of an Interactive
Effect of Selection and History--Mode1 5

N
N
.po.

**p < .05*p < .01It-values in brackets

Regression Coefficient1 Test of Equality between
Coefficients

Variables: LES Group HES Group Both Groups F Significance-level

Intercept 16.49* 17.68* 17.47*
(6.07) (7.97) (10.13)

TIME -0.09 0.16* -0.13*
(1.02) (2.18) (2.27)

SUPPER 5.27** 4.01** 4.43* 0.63 p > .05
(2.41) (2.18) (3.12)

MANDCANE 0.05 0.07* 0.05* 0.89 p > .05
(1. 49) (2.90) (2.64)

MILLCAP 0.08* -0.01 0.04** 7.02 p = .01(3.12) (0.53) (2.00)

PERIODI 2.15 4.05 3.33 0.57 p > .05(0.71) (1.58 (1. 68)

Model 1.51 p > .05

R2 .355 .272 .257

F 5.39 3.67 7.19

Pr > F .001 .0007 .0001

Dependent Variable: CANEDELV.



Table 7.11

A Regression Model to Test the Rival Hypothesis of an Interactive
Effect of Selection and History--Model 6

N
N
VI

**p < .05*p <.• 01It-values in brackets

Dependent Variable: CANEDELV •.
Regression Coefficientl Test of Equality between

Coefficients
Variables: LES Group HES Group Both Groups F Significance-level

Intercept 23.44* 32.73* 27.26*
(4.01) (6.00) (7.09)

TIME 0.30 0.23 0.29**
(1. 85) (1.29) (2.41)

SUPPER 2.12 4.66** 3.08** 0.74 p > .05(1. 04) (2.17) (2.11)

MANDCANE 0.06 -0.01 0.03
1. 20 p > .05(1.17) (0.32) (1.05)

MILLCAP -0.01 -0.06 -0.03 1.55 p > .05(0.16) (1. 20) (0.99)

PERIOD2 -10.30 -9.46 -10.43** 0.72 p > .05(1. 90) (1.61) (2.64)

Model 0.81 p > .05

R
2 .203 .256 .191

F 1.57 2.13 3.21

Pr > F .196 .088 .012
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and 6, however, the difference with the regression coefficient for

the LES Group was statistically not significant, according to the
~

F-statistic (and the results in Table 7.8). MANDCANE did not affect

the mean productivity levels of the two groups differently. Factors

which were not included in the models, but the effect of which we

attempted to capture with harvest-effect variables, appeared also not

to have affected the mean productivity levels of the two groups over

time. However, ~rrLLCAP did significantly affect the mean productivity

of the two groups differently according to the results for Models 4

and 5. In both cases was the coefficient of MILLCAP comparatively

higher for the LES Group, suggesting that the mean productivity level

of this group was generally more affected by fluctuations in the

F(r,N)
[RSS(T) - (RSS(l) + RSS(2)]/r

= RSS(l) + RSS(2)/N ' where

RSS(T) = the residual sum of squares estimated by the model
using the two data sets combined (pooled);

RSS(l) = the residual sum of squares estimated by the model
using the first data set;

RSS(2) = the residual sum of squares estimated by the model
using the second data set;

r = degrees of freedom of the numerator which equals the
number of regression coefficients which are tested
for equality; and

N = degrees of freedom of the denominator which equals
N

l
+ N2 - 2r, where N

l
and N2 are the number of

observations in each data set.

A convenient description of the required model specification to
obtain RSS(T) in each test, may be found in Rao and Miller (1971).



effective mill capacity available for company cane. According

to the results in Model 5, the mean productivity level of the

LES Group tended to decrease by more than that of the RES Group

due to a general decrease in MILLCAP. In other words, the prac-

tice of restricting the flow of Company cane to the mill through

reduced availability of tractors and carts tended to affect the

mean productivity level of the LES Group more seriously than the

RES Group productivity level. This result is consistent with

hypothesis 3, however, does not contribute towards explaining the

absence of a significant supplementation effect in the liES

Group.

We shall end this section by briefly examining whether

different patterns of field assignments 21 may be said to have

affected the mean productivity levels of the two groups differently

during the 1974/75 harvest season. A regression model is presented

in Table 7.12 for both groups combined, and for each group

separately. The variables in the model are as defined in section

7.2.3. DOFF probably captures the effect of a number of factors,

such as decreased worker motivation, loss of work-time and

21These different patterns were suggested by the results of the
analysis presented in section 7.2.3, especially as they relate
to the variable YIELD.
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Table 7.12

A Regression Model by Group and Both Groups Combined,
and a Test of Equality Between Coefficients of

Group Models, to Test Rival Hypothesis,
1974/75 Harvest Season

DEPENDENT VARIABLE: CANEDELV

REGRESSION COEFFICIENTSI

LES HES Both
Variable GROUP GROUP GROUPS

INTERCEPT 25.85* 18.78* 23.78*
(14.62) (5.21) (13.57)

YIELD 0.05 0.18* 0.09*
(1. 56) (2.94) (3.08)

FIELD -0.04 -0.06 -0.06
(0.85) (1. 01) (1. 67)

DOFF -0.72* -0.47 -0.50*
(2.81) (1. 88) (2.86)

MODEL

Test of equality
between coefficients

of group models
F Significance

4.44 p < .05

0.07 p > .05

0.43 p > .05

1. 21 p > .05

F

Pr > F

.436

6.71

.002

.316

4.00

.018

.314

8.53

.0001

It-values in brackets

*p < .01



different work organization. In the regression model for both

groups combined, mean productivity was significantly related to

YIELD and DOFF, and the coefficients have the expected sign:

(i) mean productivity rose and fell with the average yield of the

canefields to which the groups were assigned, and (ii) the

weekly mean productivity tended to fall the more days/week the

work took place in canefields located off the study plantation.

Mean productivity in the LES Group was only significantly related

to DOFF, and in the RES Group to YIELD. However, statistically

the results indicate that the mean productivity of the two groups

was only differently affected by canefield yields. This result,

together with the previously presented evidence of a differential

time pattern of group assignments to canefields with different

yields, strongly suggests the presence of an interactive effect

of selection and history during this harvest-season.
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7.5. Summary

In this chapter we have attempted to demonstrate an energy

supplementation effect on the long-term trend of worker productivity

of the RES Group. Data from three harvest seasons were involved in

the analysis. During this period, sharp increases in the price of

sugar on the international market created abnormal conditions in the

Guatemalan sugar industry and on the study plantations. A basic

weakness of the Multiple Time-Series Design, which was employed here

in the analysis, is that it does not control for the possible pre

sence of an interactive effect of selection and history. Thus, this

effect may prOVide a possible rival hypothesis to the main hypothesis

to be tested.

Some extraneous variables which defined "history" of the present

study were examined more closely to see whether the two groups may

have been exposed differently over time to these factors. It was

found that:

(a) mean productivity (of both groups combined) significantly

differed among the three harvest seasons: conditions

(including the supplementation program) during the three

harvest seasons, and particularly during the first sub

periods of the harvest seasons, generally tended to affect

worker productivity differently;

(b) mean productivity of the two groups was not differently

affected by these harvest effects;
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(c) harvest seasons differed on the average, in the effective

mill capacity available to process company cane, and in the

daily deliveries of company cane, both of which showed a

distinct within-harvest season pattern of first decreasing,

and later increasing in response to a reverse pattern in

the daily cane deliveries from independent growers;

(d) the RES Group showed a less stable task assignment pattern

in each harvest-season than the LES Group;

(e) the percent of total mandays/week spent cutting cane by the

two groups combined significantly differed among harvest

seasons, particularly among first harvest sub-periods (when

the mill capacity available to process company cane

generally declined); however, these harvest effects did

not differently affect the relative supply of mandays/week

in cane cutting by each group;

(f) the distribution of workdays during the 1974/75 harvest

season spent in canefields with different physical charac

teristics and different yields, significantly differed

between the two groups, and the mean yields and mean field

characteristics score also significantly differed between

harvest sub-periods;

(g) two groups generally worked in canefie1ds which significantly

differed in yield during each of the sub-periods of the

1974/75 harvest season.
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In a first approach to test for a positive supplementation effect

in the RES Group, two sub-samples were established in order to reduce

the group differences in patterns of task assignments over time. Each

sub-sample included all workers who during 70% or more of all weeks of

the study period (three harvest seasons) cut cane at least 1 day/week.

For different sub-periods, daily cane deliveries were regressed on

time (w-eks) for each worker in the sub-samples, the individual

regressions were averaged for each sub-sample, and based upon the mean

regression, the sub-sample productivity level at the end of the period

was computed. Several hypotheses were formulated and tested by

comparing sub-sample means between groups and over different sub-periods.

The results indicate:

(a) a positive supplementation effect in the RES Group during

the second sub-period of the 1973/74 harvest season;

(b) no supplementation effect in the RES Group, thereafter, and

(c) no supplementation effect in the RES Group when comparing

the whole supplementation period with the whole pre

supplementation period.

A different approach attempted to control not only for harvest

effects as did the first approach to some extent, but also explicitly

for mill capacity effects and for field assignment effects (during the

1974/75 harvest season). More complete regression models were

specified, and the full samples included in the analysis. The results

may be summarized as follows:
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(a) No positive supplementation effect in the RES Group, after

controlling for harvest- and mill capacity effects, could

be demonstrated.

(b) Mill capacity effects were significantly related to mean

productivity levels over time, especially during harvest

first sub-periods when the effective mill capacity available

to process company cane generally declined.

(c) The practice of restricting the flow of company cane to the

mill through reduced availability of tractors and carts

generally tended to affect the mean productivity level of

the LES Group more seriously than that of the RES Group.

(d) The yield of canefields was positively related to the overall

mean productivity, but the canefield yields affected the

mean productivity of the HES Group differently from the

productivity level of the LES Group.

(e) Mean productivity generally tended to be lower in canefields

located off the study plantation, but the mean productivity

of the two groups was not differently affected by the

practice of cutting cane on other plantations.

In summary then, no positive supplementation effect on the pro

ductivity of the RES Group could be demonstrated, except possibly

during a short period immediately after the initiation of the

supplementation program. The presence of an interactive effect of

selection and history may provide a plausible rival hypothesis for the

interpretation of the results.
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CHAPTER 8

Summary and Discussion of Findings

8.1. Description of the Study

This study was an attempt to find answers to two questions:

(a) Do present levels of daily energy intake of the rural work force in

developing countries place an effective limit on the level of daily

energy expenditure? and (b) Will an increase in available energy

result in increased energy expenditure at work and in improved worker

productivity in physically strenuous occupations? These are important

questions. Within a broader context, the basic question is whether

improvements in the nutritional status of the work force is an

important form of human capital formation in developing countries.

The quantification of the economic returns to these types of investment

in human capital must ultimately guide th e allocation of scarce

resources among alternative investments. Improving the nutritional

status of workers in "labor surplus" economies may not necessarily

be expected to have a poor social pay-off. First of all, it is not

clear to what extent labor is really in surplus in different developing

countries. Secondly, improved nutritional status of workers may lead to

a more effective use of leisure time, or greater "productivity" in non

work activities, which thus results in important economic benefits to

the workers, their families and society as a whole. Thirdly, some

evidence does suggest that increased worker productivity may be

expected to result from the improved nutritional status of workers.
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However, the evidence is not consistent and is generally of poor

scientific quality. Rather than drawing conclusions based upon this

evidence, what is needed are studies with rigorous research designs

which will allow making inferences about cause and effect, and which

examine the nutritional status-worker productivity relationship in a

real world setting rather than under artificially created laboratory

conditions. This study represents an attempt in that direction, and

demonstrates the complexity of the nutrition-productivity relationship.

Fourthly, improved nutritional status of the present work force may be

a necessary pre-condition for the effective implementation of employment

creating development strategies, especially in the rural areas of

developing countries. Fifthly, improvements in the inherent work

capacity of the present and future work force increase in the long

run the feasibility of greater use of labor-absorbing production

techniques. The implementation of more complex technologies, which

increase the returns to all factors of production, will require an

improvement in the quality of labor inputs.

Important models in the economic literature involved a critical

assumption to the effect that productive wage increases for rural

salaried workers in developing countries will result in significant

improvements in their productivity. This relationship can be divided

into two parts: (a) the increase in wage income leads to increased

daily energy intake of the worker, and (b) the increase in daily energy

intake leads to a more than proportionate increase in the daily supply

of work effort (work units) by the worker in the short-run. Even at
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low levels of energy intake workers are assumed to work a "normal"

(8 hour) work day, but at a low level of strenuousness. The effect of

increased energy intake is assumed to be on the work effort per unit

of time, and not on the supply of labor time. Based upon the available

evidence to date and other theoretical arguments, it seems clear that

the positive effect of increased energy intake on worker productivity

cannot be assumed a priori. In the present study it was hypothesized

that with an increase in total availability of energy, daily energy

intake and daily energy expenditure will increase under present

conditions. Furthermore, the increase in daily energy expenditure

will be reflected in increased worker productivity through an increase

in total work time a day, and/or an increase in work intensity per

unit of time.

These hypotheses were tested by offering workers engaged in

energy-demanding tasks additional energy, free of charge. This had

the effect of potentially increasing their "energy budget", thus

allowing the workers to increast their daily energy expenditure. It

also had the effect of increasing the real wage by decreasing the

average cost to the workers of acquiring an unit of energy.

The study took place in the coastal lowlands of Guatemala. The

workers who participated in the study were resident workers on a large

sugarcane plantation. These workers cut and loaded, usually unburnt,

sugarcane during approximately 30 weeks of the year. During the

remainder of the year, the workers were engaged in canefield maintenance

tasks. The workers were paid a piece-rate, in addition to receiving
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certain non-monetary wage income. They decided on when to start work

in the morning and when to stop. The workers formed "cuadrillas"--groups

of four men. The "cuadrilla" worked as a team, and its total production

was credited in the payrolls in equal shares among the team members.

The workers lived in two small communities on the plantation.

The total sample of 158 resident workers were divided into a test and a

control group. Random assignment of the workers to either group was

not possible because the workers of each community were usually

assigned as a group to work in the same canefield. In order to prevent

any interaction between members of the test and control group, workers

from one community were designated the test-group (n=95), and workers

from the other community were designated the control-group (n=63). The

non-random assignment of workers to the test- and control-group

weakened the internal validity of the research design.

Before an energy supplementation program was introduced in April

1974, many different measurements were made, and the same measurements

were continued during the supplementation phase of the study, which

for purposes of this report ended in June 1975. Different sources

and methods were relied upon to obtain data on worker productivity,

energy expenditure at work, dietary intake, body composition, physical

fitness, socio-demographic variables, as well as environmental and

other variables. These sources and methods of data collection

included: (a) company records and payrolls, (b) different surveys,

(c) laboratory measurements, and (d) measurements made in the fields.
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The test group was offered a high energy supplement, which on the

average, provided 550 kca1s a day. The control group was offered a

low energy supplement which contained a negligible quantity of

kilocalories. The experiment was carried out in a "double blind"

fashion. The two supplements were only distinguishable by the color of

the bottle cap. The supplements were distributed to the workers free

of charge, and the workers participated in the program on a voluntary

basis. Both supplements enjoyed a high degree of acceptability by

the workers from the start of the program. The supplement intake by

individual workers was monitored on a daily basis.

The available data and data collection methods allowed us to use

two quasi-experimental designs for data analysis. An examination of

both designs, the Nonequivalent Control Group Design and the Multiple

Time-Series Design, within the context of the present study leads to

the conclusion that the internal validity of the experiment was rela

tively high. However, one confounding factor for which these designs

do not provide an adequate control was the possible presence of a

selection-history interactive effect: both groups may not have been

affected over time by specific events to the same degree.

8.2. Summary of Major Findings

The following is a summary of the major findings of the study.

1. The high energy supplement (RES) group and the low energy

supplement (LES) group were generally well matched prior to

the introduction of the supplementation program. No significant

differences were found between group means of social and
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dietary intake indicators, and of indicators of body composi

tion and physical fitness. The level of daily energy intake

in both groups was generally low relative to the estimated

daily energy requirements for these workers. Both groups had

the same daily output, worked about the same number of hours

a day, expended the same amount of energy at work, and were

rated to perform work of equal quality. Significant differ

ences were found between the two groups in thar time

allocation among different work activities. The BES Group

workers appeared to be more efficient cutters, and overall

expended less energy per hundredweight of sugarcane delivered,

as compared to the LES Group workers. On the other hand, the

LES Group workers were generally assigned to higher yielding

canefields during this period, and further results indicated

that the workers generally tended to cut sugarcane less

intensively in fields with higher yields.

2. In comparison with sugarcane cutters in other countries, the

workers in the study can be classified as exhibiting a low

level of productivity. Some differences in body composition,

dietary intake and physical fitness were shown among the

sugarcane cutters from the different countries. However, much

of the inter-country variation in the productivity of sugarcane

cutters must probably be attributed to differences in work

techniques, work organization and management, environmental

factors, worker attitudes and motivation and socio-cultural

factors.



240

3. The daily output of the Guatemalan sugarcane cutters tends

to drop steadily with age after age 32, but age does not seem

to affect significantly the daily output of younger workers.

Physiological factors, as well as other factors which are

merely correlated with age, are probably responsible for the

negative association between age and productivity among older

workers. Total daily work time and total energy expenditure

at work tend to increase with age up to age 35-36 and there

after, to fall with age. Younger workers tend to be more

efficient than older workers. They tend to produce compara

tively more output per unit of time and per unit of energy

expenditure. The allocation of time among work tasks with

different energy requirements does not appear to change with

age.

4. Improved energy intake during the pre-productive phase of the

life cycle appears to be an important form of investment in

the human capital of Guatemalan sugarcane cutters. The

present value at age 17 of the incremental life-time earnings

from sugarcane cutting (approximately 30 weeks/year) attri

butable to a significant increase in adult stature was

estimated to be a significant sum.

5. Daily energy intake is positively related to the daily output

of Guatemalan sugarcane cutters of all ages. A cross-sectional

analysis making use of pre-supplementation data revealed that:
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(a) higher daily energy intake among older workers may be

expected to offset the negative effect of age on daily

output;

(b) young workers on low energy intakes, when raising their

daily energy intake, may be expected to increase their

energy expenditure during non-work activities rather

than at work;

(c) workers of all ages on average levels of daily energy

intake may be expected to raise their daily earnings

roughly by the same amount as required to raise their

daily energy intake to high levels, but older workers on

low energy intakes may be expected to increase their

daily earnings by more than the monetary outlay required

to raise their daily energy intake to an average level.

6. Energy stores and upper-arm muscle area (standardized for

height) were not significantly associated with the daily

output of workers of all ages. No significant association

was found between energy stores and upper-arm muscle area, and

daily energy intake.

7. The supplementation program was generally effective in

raising the daily energy intake level of the RES Group, net of

the effects of extraneous factors, such as the possibly

negative effect of rising food prices. Little substitution

of supplement energy for home energy intake appears to have

taken place.
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8. Workers of both groups generally maintained energy balance

during the supplementation phase, and small changes in body

weight were unrelated to changes in daily energy intake in

either group. Thus, it appears that the RES Group workers

must generally have increased their level of daily energy

expenditure during energy supplementation.

9. The analysis, using the Nonequivalent Control Group Design,

demonstrated no positive energy supplementation effect on the

daily productivity of the HES Group workers. However, these

results appear to be confounded by the presence of an

interactive effect of selection and history: the conditions

of the different canefields appear to have affected the daily

output of the workers of the two groups differently.

10. The evidence also suggests that there may have been a slight

supplementation effect on the daily productivity of older

workers in the HES Group. Older workers generally tended to

be on lower daily energy intakes prior to the start of the

supplementation program.

11. Using a Multiple Time-Series Design, the evidence tends to

point to a positive supplementation effect during the second

half of the 1973/74 harvest on the mean productivity level of

a sub-sample of HES Group workers who had a more consistent

time pattern of being assigned to sugarcane cutting and loading

than the full sample of workers. However, thereafter no

positive supplementation effect on the mean productivity

level of the HES Group subsample appears to have been present.
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12. Considering the full sample of workers, and the supplementa

tion period as a whole, no positive and consistent supple

mentation effect on the mean productivity level of the RES

Group could be demonstrated. But again the evidence suggests

that the presence of an interactive effect of selection and

history may provide a plausible rival hypothesis: effects

related to the changing mill capacity to process sugarcane

from the study plantation appear to have had a comparatively

greater impact on the mean productivity of the LES Group;

assignment during the 1974/75 harvest of the two groups to

canefields with different yields appears to have affected

their mean productivity levels differently.

8.3. Discussion

The evidence obtained from this study generally seems to support

the hypothesis that present levels of daily energy intake of the rural

work force in developing countries place an effective limit on the

level of daily energy expenditure. The significant increase in the

daily energy intake of the high energy supplement group appeared to

have led to an increase in daily energy expenditure of this group.

Total daily energy expenditure data were not available, and would have

provided more solid evidence, if these data could have been obtained

in a reliable and valid manner. The external validity of this result

may also appropriately be questioned. The workers appeared to have

been on daily energy intake levels above the average reported for other

samples of rural workers in Guatemala. Thus, the "average" effect
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that energy supplementation may be expected to have on the daily

energy intake of rural workers may have been under-estimated by the

results of the present study. Also, these results may be specific to

the particular supplement that was used, andior to the supplement

distribution system, including the fact that the supplement was

offered free of charge to the workers. For example, if the supplement

had been offered to the workers at a price, would the same average

increase in daily energy intake of the HES Group have resulted?

Questions related to what the most effective and efficient human

energy delivery system is, were not addressed in the present study.

The answers will no doubt vary with the socio-cultural, economic and

technological environment within which energy supplementation is to

take place. Yet, these data are basic to decisions related to the

allocation of resources available for the improvement of the nutritional

status of the rural work force.

The net increase in the average daily energy intake of the HES

Group was less than the average supplement energy intake. The effects

of extraneous factors, including rising food prices, on the daily

energy intake of the HES Group are difficult to separate from a "pure"

substitution effect of supplement energy for home energy intake. It

appears that on the average, the pure substitution effect may have

been present to some extent. This may mean that the true daily

energy requirement for this group of workers had initially been over

estimated. During most of the supplementation period, total daily

energy intake fell short, on the average, of the estimated daily
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energy requirement based upon the workers' body weight and the estimated

energy requirement per kilogram of body weight. Alternatively, it may

be that the average substitution effect in the HES Group merely

reflected the inter-worker variation in program participation over

time. In other words, some RES Group workers were likely to have

increased their total daily energy intake up to their estimated

energy requirement level with energy supplementation. It was also

apparent that supplement energy intake was not related to home energy

intake, either before or during energy supplementation, which

constitutes further evidence that a "pure" substitution effect was

only minimally present at most.

The analysis presented in this report did not investigate the

factors which may have been responsible for the inter-worker variation

in program participation over time. Yet, the identification of worker

attributes which are associated with high and consistent program

participation rates over time may provide valuable information for

the design and implementation of effective energy supplementation

programs for the rural work force.

The supplementation period covered by this report included one

period between two harvest seasons. During the seventh month of

supplementation, no drastic decrease in average daily energy intake,

or in average supplement energy intake were observed. Nor did the

workers seemed to have increased their body energy stores, as no

significant changes in body weight were observed during this period.

Yet, the off-harvest season normally represents a period of significantly
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lower earnings, and reduced energy requirements at work as the available

work is restricted and workers only perform one standard task a day.

For example, during the off-harvest season in 1974, mean gross

earnings of workers of both groups were US $6.65/week, and workers

worked, on the average, only 3 hours/day, expending about 1150 kcals

at work. It appears then that these workers did not maintain their

daily energy intake during this period in order to build up their

energy stores for the next harvest-period. Instead, they generally

tended to increase their energy expenditure in non-work activities during

this period. This may be interpreted as further evidence that present

levels of daily energy intake effectively limit daily energy expendi

ture in this population. If indeed the daily energy intakes were at

optimal levels under existing conditions, we would have expected daily

energy intake levels to be lower during off-harvest periods, and/or

workers to gain weight.

It may also appear that the daily energy intake of these workers

was not responsive to changes in their gross earnings. Several

factors may be responsible for this observation. First of all, it

will be remembered that the market prices of food items, which consti

tuted major sources of energy for this population, tended to show a

cyclical trend, and to decrease during off-harvest seasons. Thus, the

decrease in family real income may be less than the decrease in the

workers' gross earnings. Secondly, intra-family food distribution

practices in this population may be such that, when the total food

supply to the family diminishes, the energy intake of women and
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children decreases while the energy intake of economically active

adult males remains unchanged. It has also been suggested that during

this period workers tended to borrow more heavily from the Company.

This may have been to offset partially the decrease in the family's

real income.

The results of this study provide very little evidence in

support of the hypothesis which states that with an increase in daily

energy intake and in daily energy expenditure, an improvement in the

worker productivity of the rural work force in developing countries

may be expected. As has abundantly been shown, the interpretation of

the results related to the effect of energy supplementation on worker

productivity is confounded due to certain weaknesses in the internal

validity of the experimental design. Particularly, the probable

presence of an inter-active effect of selection and history appears

to provide a powerful rival hypothesis. Other short-comings of the

study may also have been responsible for the apparent results. For

example, we can ask whether the productivity indicators were suffi

ciently sensitive to detect true changes in worker productivity.

The external validity can here be questioned, and we may argue that

the present experiment could conceivably under-estimate the "average"

effect that may be expected. The study only included workers who

were employed "full-time", and excluded workers who, because of a

poor health and nutritional status,are either employed part-time or

are completely outside the rural work force. Yet, it may be that the

most significant impact of energy supplementation may be found in the

work productivity of these potential members of the rural work force.
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The study did generate some results that suggest that higher

daily energy intakes are associated with higher daily productivity

levels among the sugarcane cutters of Guatemala. Since these results

were obtaine~ in a cross-sectional analysis, it could be argued that

they represent a long-run picture showing that higher daily energy

intakes may be expected to improve worker productivity, if everything

else is held constant. But it is scientifically not sound to draw from

these results any inferences about cause and effect. And it has

already abundantly been shown that the question is much too complex

for answers provided by such a simple analysis. Conditions in the

real world do not remain constant, and energy supplementation programs

must be implemented, and their impact evaluated, under changing real

world conditions.

But we may conclude that the income-effect offset the substitution

effect of an increase in the real wage rate as it was defined, unless

the real wage rate remained unchanged during this period--and increasing

market prices of food offset (a) the increased wage-rate due to

increased marginal productivity per unit of time, and/or (b) the

decreased cost of the workers' daily energy intake because of the

"free" energy supplied by the supplementation program. But if the

real wage rate did indeed increase, then the results seem to support

the conclusion that the labor supply is highly inelastic, at least in

the relevant range which in this case may be very small. The change
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in the real wage-rate may have been so small that it was not perceived,

at least not during the period of the analysis presented here.

Several pieces of evidence suggest that these workers may actually

be so-called "target income" workers. In the first place, it was found

that in high-yielding canefields the workers tended to cut sugarcane

less intensively than in low-yielding fields. This would tend to

suggest that there is generally a daily target weight of sugarcane the

workers aim for. Results suggest that more efficient cutters may also

exhibit compensating behavior by loading less intensively, so that daily

sugarcane deliveries may not vary with the degree of efficiency in

cutting. Secondly, the LES Group workers exhibited a downward trend in

mean daily energy intake, but their body energy stores did not signifi-

cantly change, and consequently, their daily energy expenditure level

must generally have fallen as well. Yet, the LES Group did not exhibit

a corresponding fall in energy expenditure at work or in daily output.

If anything, total daily output and daily work time tended to increase

for the LES Group during the supplementation period. This may have

been in response to a decrease in the real wage rate faced by the LES

IGroup because of rising market prices for food.

1possible further evidence was recently cited by the plantation
administrator. During the 1976/77 and 1977/78 harvest-seasons the
plantation started to experiment with mechanized loading, so that
the sugarcane cutters exclusively cut sugarcane. A new pay-system
was introduced, whereby the cutters were paid based upon the
extension of furrow cut per day, with the wage-rate per unit of
furrow adjusted for different yields per unit of land. According
to the plantation administrator, this represented a significant
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Other factors may be hypothesized to have played a role. For

instance, workers may purposefully have kept their daily output

unchanged out of fear that a general rise in daily worker output would

have induced the Company to lower the piece-rate. Another factor may

have been group solidarity whereby social sanctions are applied to

those workers in the group who increase their productivity too far

above the group mean productivity level. Though, within-group

variation in productivity was clearly observed.

The results of this study have clearly demonstrated the complexity

of the relationship between the nutritional status of rural workers

and their economic productivity. Though improvements in the workers'

nutritional status may improve their physical working capacity, it is

not clear at all that workers will respond in the short run in such a

way as to increase their productivity at work. At best, the results

of the present study have cast some doubts on the often assumed

positive effect that improvements in the nutritional status will have

on worker productivity. The available evidence remains sketchy and

inconclusive, and the present study has contributed little towards

providing definitive evidence.

This study has all the short-comings of a case study with low

external validity of the results. A great deal of effort was put

increase in the real wage rate, but daily output per worker, and
total daily work-time fell significantly under the new system. It
is not clear whether this resulted from the increase in the real
wage-rate, or whether this was in response to the change in produc
tion methods, including the mechanized loading which may have been
interpreted by the workers as meaning a reduction in total work to
be done and leading to unemployment.
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forth to design and implement a scientifically sound study which would

allow drawing inferences about cause and effect. Even so, certain

rival hypotheses c~uld not be ruled out. Rather than leading us

to throw our hands in the air, this provides a stimulus towards the

design and implementation of studies with improved research designs

and new approaches towards finding definitive answers. New questions

need to be asked, and old questions need to be re-formulated.

After all, when scientists stop asking questions, they are out of a

job. Areas related to the present question, in which greater

scientific efforts may significantly contribute towards finding more

definitive evidence include: (a) reliable and valid methods of

measuring energy expenditure in non-work activities under real world

conditions; (b) better understanding of the work-leisure preferences

of rural workers in developing countries, and of how these preferences

are related to different factors in the total environment; and

(c) improved understanding of the motivations, aspirations and

expectations of rural workers in developing countries. It must be

recognized that these men are not just machines that will work more

efficiently with physical improvements. As the results of this study

indicate, putting more "gasoline" into the human engine, may make it

run longer, but not necessarily work harder.



APPENDIX A

Data Tables

Table A.3.!

Demographic Characteristics of "Community One"
and "Community Two": Population Sex-Age Distribu
tion, Number of Families and Median Family Size-

August 1973
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Demographic Characteristics

A. Population Sex-Age Distribution:

1. Males:

o - 6 years
7 - 14 years

15 - 44 years
45 + years

2. Females:

o - 6 years
7 - 14 years

15 - 44 years
45 + years

3. Total:

B. Families:

Community One Community Two

N % N %

307 53.0 334 50.7

73 12.6 79 12.0
62 10.7 64 9.7

131 22.6 142 21.5
41 7.1 49 7.4

272 47.0 325 49,3

78 13.5 100 15.2
58 10.0 70 10.6

106 18.3 117 17.8
30 5.2 38 5.8

579 100.0 659 100.0

1. Total

2. Family size (median)

102

6

125

5

Source: Population Census, INCAP, August, 1973
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Table A.3.2

Environmental Characteristics of "Community One"
and "Conununity Two": Housing Aspects and Availability

of Other Facilities--August 1973

Environmental Characterist~cs

A. Housing:

1. Rooms/Housing Unit (Median)
2. Persons/Room (Median)
3. Families with separate

kitchen area (%)

B. Facilities:

1. Source of water (%):

a. Conununity water faucets
b. Private piped water
c. Private well
d. River
e. Other

2. Waste Disposal (%):

a. Dump
b. Burn
c. Bury
d. Other

3. Sanitary Facilities (%):

a. None
b. Latrine & septic tank
c. Outhouse with sewer system
d. Outhouse without sewer system
e. Other

Conununity One

2.2
1.4

90.2

86.3
9.8
1.0
2.0
1.0

85.3
9.8
2.9
2.0

39.2
33.3
4.9

18.6
2.0

Conununity Two

1.5
2.1

70.8

80.8
3.3
8.3
7.5

82.5
6.7

10.8
0.0

58.3
21. 7
16.7
1.7
0.8

Source: Housing Census, INCAP, August 1973



Table A.3.3

Reliability-Test of Selected Survey Items--Popu1ation
Census. Mean Differences and 95% Confidence Intervals.
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Mean Confidence
Survey--Item N Difference Intervals

(.95)

l. Age (years completed) 110 0.036 ± 0.060

2. Number of years resident in
the community 110 0.056 ± 0.320

3. Know how to read and write
(yes/no) 110 0.025 ± 0.028

4. Number of school years
completed 110 0.0 ± 0.048

5. Number of persons/family 21 0.0 ± 0.0

6. Number of persons/bedroom 21 0.0 ± 0.14



Table A.4.1

Physical Characteristics of Sugarcane Cutters from Six Countries
Means (± Stand. Deviations)

ANTHROPOMETRIC MEASUREMENTS
WEIGHT/ UPPER MID-ARM TRICIPITAL

HEIGHT WEIGHT HEIGHT CIRCUMFERENCE SKINFOLD
COUNTRY N (CM) (KG) (KG/CM) (MM) (MM)

1. GUATAMALAa

a. LES Group 40 160.4(5.8) 52.6(5.4) .33 (.03) 251.3(14.4) 4.6(1.6)
b. RES Group 47 159.0(6.4) 53.5(6.0) .34 (.03) 258.1(19.2) 4.8(1.6)

2. COLOMBIAb 59 163.3(6.7) 58.6(6.5) .36 (.03)

3. JAMAICAc

a. Group 1 (Parnassus) 81 167.2(6.9) 60.1(6.8) .36* 284.6(20.7) 5.0(1.1)
b. Group 2 (Innswood) 88 168.7(6.9) 61.5(6.9) .36* 286.0(32.8) 5.7 (3.2)

4. TANZANlAd 285 165.9(5.2) 62.2(5.3) .37* 262.0(15.0)

5. RHODESIAe 200 61.0(8.5)

6. AUSTRALIAe 6 75.0(5.2)

* Computed from mean weight and mean height values.

~ This study, before the initiation of the supplementation program
Spurr et a1. (1976)

c --d Heywood (1974)
Davies (1973)

e Morrison and Blake (1974)

""IJ1
IJ1



Table A.4.2

Packed Cell Volume (Hematocrits) as an Indicator of the Nutritional
Status of Groups of Sugarcane Cutters in Guatemala, Colombia and Jamaica

Means (± Standard Deviations)

NUMBER HEMATOCRITS (%)

A. GUATENALAl

a. LES GROUP
b. HES GROUP

B. COLOMBIAa

C. JAMAlCAb

a. GROUP 1 (PARNASSUS)
b. GROUP 2 (INNSWOOD)

41
46

33

63
78

43.0 (±S.4)~
43.9 (±S.3)

44.9 (±3.8)

42.3 (±2.6)
41. 7 (±S.S)

lThis study before the implementation of the supplementation program

2
p > .05

a
Spurr, G. B., et a1. (197 S)

bHeywood, P. F. (1974)

N
\Jl
0\



Table A.4.3

Physical Capacity (Max. Aerobic Power) of Sugarcane Cutters from Five Countries
Mean (± Stand. Deviation)

V02MAX/body Mean 02 uptake as percent of

COUNTRY N AGE V0
2MAX(1/min)

weight V02MAX sustained
(l/kg/min) when working1

1. GUATEMALAa

a. LES Group 23 25-56 2.58 (.63) .050 (.012) 33 (35)
b. HES Group 26 21-60 2.57 (.47) .048 (.008) 30 (35)

2. COLOMBlAb
a. "High producers" 9 18-34 3.04 (.38) .049*
b. "Average producers" 24 18-34 2.65 (.34) .046* 35 (57)
c. "Low producers" 15 18-34 2.40 (.30) .042*

3. RHODESlAc 200 2.82 (.55) .046 (.008) 50-67

4. AUSTRALlAc 6 3.66 (.30) .048 (.003) 46

5. TANZANlAd

a. "High producers" 20 18-35 3.20 .051
b. "Medium producers" 19 18-35 2.95 .048
c. "Low producers" 19 18-35 2.80 .047
d. Other cutters 20 > 35 2.76 .043

*Computed from mean values of max. aerobic power (V02 max) and of body weight
~ThiS study before the initiation of the energy supplementation program.

Spurr et a1. (1976); Spurr et a1. (1975).
~orrison and Blake (1974). --
1Davies (1973).

Figure in brackets is the mean 02 uptake when cutting cane under test conditions. r-.>
VI
-...J



Table A.4.4

Daily Energy Intake of Sugarcane Cutters in Guatemala, Colombia and Jamaica

A. GUATEMALAl

DAILY ENERGY INTAKE
(kcals/24 hours)

NUMBER MEAN (± STAND. DEV.)

ESTIMATED DAILY
ENERGY REQUIREMENT

(Kcals/24 hours)

ESTIMATED ENERGY
INTAKE DEFICIENCY

(%)

a. LES Group
b. HES Group

B. COLOMBIAa

C. JAMAlCAb

a. Group 1 (Parnassus)
b. Group 2 (lnnswood)

36
67

27

18
25

3048 (± 632)
2899 (± 717)

2970 (± 564)

4437 (± 1420)
3769 (± 725)

3261
3317

3633

3726
3813

7
13

18

-19
1

1Before the implementation of the supplementation program.

2Estimated daily energy requirement was derived by taking mean body weight x 62 kcals/kg. The mean
body weights for Colombia and Jamaica were taken from the indicated reports: Guatemala: 52.6 and
53.5 kgs resp.; Colombia: 58.6 kgs; Jamaica: 60.1 and 61.5 kgs resp. The energy requirement
coefficient is for exceptionally active males (see INCAP (1973), Table I, p. ).

aSpurr, G. B. et al. (1975).

bHeywood, P. F. (1974).

N
V1
00



Table A.4.5

Productivity Levels of Sugarcane Cutters from Six Countries

RANGE TYPE OF TONS OF ,CANE/MANDAY
COUNTRY N AGE WORK1 MEAN (±' ST. DEY.) RANGE

1. GUATEMALAa

a. LES Group 62 21-55 A 1. 20 (.12) 1.00 - 1.48
b. HES Group 95 17-73 A 1.23 (.15) 0.90 - 1. 55

2. COLOMBlAb
a. "High producers" 8 18-34 B 4.45 (.28)
b. "Average producers" 23 18-34 B 3.65 (.25)
c. "Low producers" 15 18-34 B 2.63 (.29)
d. All 46 18-34 B 3.45 (.69) 2.1.5 - 4.79

3. JAMAlCAc

a. Group 1 (lnnswood) 103 20-63 B 4.37 (.84) 2.31 - 7.10
b. Group 2 (Parnassus) 94 28-65 B 5.23 (.93) 3.35 - 7.64

4. RHODES lAd 200 B 3.0
C 7.0

5. AUSTRALlAd 6 C 15.0

6. TANZANlAe

a. "High producers" 20 18-35 B 3.51
b. "Medium producers" 19 18-35 B 3.04
c. "Low producers" 10 18-35 B 2.60
d. Other cutters 20 35 B 2.95

1 A: Cutting unburnt cane and ~ThiS study before energy supp1.Type of work: Pg.
loading Spurr et a1. (1977)

B: Cutting unbrunt cane only c --
dHeywood (1974)

C: Cutting burnt cane only Morrison and Blake (1974) N
~avies (1973) V1

\0
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Table A.5.l

Responses to Selected Questions Related to Supplement
Intake and the Supplementation Program:

Relative Frequency Distributions

A. Question: "Do you take the drink every day?"

Responses:

1. "Yes"
2. "No"

X
2

= .420; p > .05.

LES Group
n=56

%

87.5
12.5

100.0

RES Group
n=85

x

83.5
16.5

100.0

B. Question: "Why don't you take the drink every day?"

Responses:

1. "I don't like it"; "it makes me
ill"

2. "They cannot always find us at
work"

3. Other

2X = 5.608; p > .05.

LES Group RES Group
n=6 n=14
% %

83.3 28.6

16.7 28.6
0.0 42.9

100.0 100.0

C. Question: "Why do you take the drink every day?"

Responses:

1. "It takes away the thirst, and the
hunger"; "it satisfies me"

2. "It makes me feel good"; "I like
it and it tastes good"

3. "They give it at work"; "they arrive
at a good hour when we are working"

4. "It is a remedy from INCAP's doctors"
5. "It has vitamins that give strength

and good health"
6. Other

X
2

= 1.437; p > .05.

LES Group
n=48

%

18.8

20.8

6.3
4.2

18.8
31. 3

100.0

RES Group
n=69

%

20.3

21. 7

8.7
2.9

23.2
23.2

100.0
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Table A.5.l. (Continued) Responses to Selected Questions
Related to Supplement Intake and the Supplementation

Program: Relative Frequency Distributions

D. Question: "Why do you think that they are giving the drinks to the
workers of this plantation?"

Responses:

LES Group
n=56

%

RES Group
n=84

%

1. "Because we are cane cutters";
because we are resident workers
and we do heavy work"

2. "It is a test that they are doing,
and we agreed to drink it and to
be examined"

3. Other
4. "I don't know"

2
X = 3.894; p > .05.

55.4 57.1

7.1 1.2
14.3 10.7
23.2 31.0

100.0 100.0

E. Question: "Who, do you think, is paying for the drinks?"

Responses:

1. INCAP
2. The plantation company
3. The government
4. The government, INCAP or the company
5. Other
6. "Don't know"

2
X = 9.866; p > .05.

LES Group
n=56

%

14.3
25.0
3.6
3.6

10.7
42.9

100.0

RES Group
n=85

%

31.8
12.9

2.4
3.5
3.5

45.9
100.0

F. Question: "Why do you think INCAP is collecting information?"

Responses:

LES Group
n=56

%

RES Group
n=84

%

1. "It is a test, to know the effects
and results of the drinks, and to
make a report" 28.6 22.6

2. "To know how it is with us here and
to keep track of the program" 17.9 22.6

3. Other 17.9 19.1
4. "Don't know" 100.0 100.0

X2 = .870; p > .05.



Table A.5.2

Home Energy Intake of the LES Group, Before and During
Supplementation: Product-Moment Correlation Coefficients

Home Energy Intake
Months of supplementation

0 3 7 10 12 15 3-15

0

I:l 3 -.1260
OM
.jJ

Ql CIl
~ .jJ

CIl I:l 7 .412** .175.jJ Ql
I:l S

OM Ql

E i 10 .307 .318 .650*;j
Ql en
I:l
Q) ll-l

0
Q)

12 .531* -.171 .539* .443*s en
0 ..c:

::I:l .jJ

I:l

~ 15 .355** -.053 .265 .316** .396**

3-15 .385** .464* .803* .841* .730* .583*

* p < .01.
** p < .05.

N

'"N



Table A.5.3

Home Energy Intake Supplement Energy Intake and Total Energy Intake of the HES Group,
Before and During Supplementation: Product-moment Correlation Coefficients

o

Horne energy intake
Months of Supplementation

3--7 --10 12 15 3-15

Supplement energy intake
Months of Supplementation

o 3 7 10 12 15 3-15 0

Total -e~rgY-i-nt&ke
Months of Supplementation
3 7 10 12 15 3-15

. 66'~

.27**.45*

.76* .79* .74*

.39*

.37*

.32*

.71*

.46*

.43*

.36*

.53*

.78*

.46*

.79* .73*

.48*

.44* .38*

.36* .37* .65*

.50''< • 29**.24

.77* .70* .75*

•42'~ .99* .46* .41* .32**.48 .7S* .36* .10 .19 .34* .3S* .42*
.49* .49* .99* .38* .36* .29**.69* .04 .16 .27**.15 .21 .26**
.42* .46* .39* .99* .66* .25**.76* .19 .09 .23 .15 .17 .26*''<
.44* .40* .39* .65* .99* .45* .79* .08 -.05 .23**.24**.07 .19
.28** .54* .31**.26**.46* .98* .74* .(16 .03 .17 .01 . 25**.22**
.56* .79* .70* .74* .78* .72* .99* .16 .06 .30* .21**.25**.31*

0" .22 .01 .14 .06 .05 .10• I

.11 .08 .00 .06 -.06 -.03 -.03 .11

.32* .18 .22 .11 .17 .]6 .21** .40* .29*

.27** .31>"*.13 .09 .09 .02 .12 .24**.12 .50*

.33* .29**.16 .IS .06 .08 .16 .18 .39* .19 .21**
':17* ':1"* 17 lA 11 09 .19 .S9* .S9* .69* .61* .70*

o
3
7

.45*

.49*

.39*

.42",
• 23

__ .53*

o
3
7

10

o
3
7

10
12
15

3-15
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Table A.5.4

Body Weight During Supplementation, by Supplementation
Group: Product-Moment Correlation Coefficients

LES Group

Months of Supplementation

0 4 7 11 14

0

4 .912*
r:: 32
0

'r-!
~.j.J

o co 7 .938* .954*
.j.J

CIl r:: 39 51..r:: Cll
.j.J 13r:: Cll

.914* .950*~~ 11 .953*
0. 37 49 56;:l

CI.l

14 .866* .915* .919* .918*
49 50 56 53

RES Group

Months of Supplementation

0 4 7 11 14

0

r:: 4 .806*0
'r-! 40

~.j.J

o co
.j.J

CIl r:: 7 .953* .883*..r:: Cll
.j.J 13 47 78r:: Cll

~'ci.
0. 11 .944* .882* .970*;:l

CI.l 44 75 90

14 .963* .857* .961* .970*
47 72 89 84

* p < .01

a Lower figure is n



Table A.6.1

Age, Daily Productivity, Stature, Muscularity, Energy Stores
and Daily Energy Intake; Pre-Supplementation Period (Both

Groups Combined): Product-Moment Correlation Coefficients
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AGE MCANE1 HT1 ARMUSCLE/HT1 PERCWTHT1 ENERGYl

AGE

MCANE1 -.240*

HT1 -.100 .171**

ARMUSCLE/HT1 -.193 .154 .062

PERCWTHT1 - .173 .172 .140 .759*

ENERGY1 - .276* .344* .034 .155 .098

*p < .01

**p < .05
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Table A.6.2

Regression Model of Daily Productivity and Age,
by Three Levels of Daily Energy Intake, Pre-supplementation Period.

DEPENDENT VARIABLE: MCANEI

DAILY ENERGY INTERCEPT AGE R2
F P<F

INTAKE GROUP

"Low" 27.60* -.10** .172 6.42 .017
(16.95) (2.53)

"Average" 23.79* .02 .004 0.12 .734
(11. 54) (0.34)

"High" 24.56 .02 .007 0.21 .647
(16.94) (0.46)

*p < .01

**p < .02



Table A.6.3

Regression Models of Other Selected Indicators of Worker Productivity
on Daily Cane Deliveries, Second Measurement Period

DEPENDENT VARIABLE: MCANE2

INDEPENDENT VARIABLES1

R2
Eq. INTERCEPT F P>F

MDWENERGY2 MDWTIME2 FURROW2 GROUP MDWENERGY2 MDWTIME2 FURROW2
* * *

GROUP GROUP GROUP

"1 25.59* .002*** .023 3.42 .067
(1.85)

la 29.50* -.000 -13.82* .007* .116 6.30 .001(15.61) (0.43) (3.89) (3.88)

2 17.72* .008** .41* .207 18.68 .001(8.46) (2.30) (5.78)

2a 22.94* -.000 .35** -15.49* .029* .079 .294 11.66 .001(7.14) (0.22) (2.50) (3.41) (4.14) (0.50)

It-va1ues in brackets *p < .01 **p < .05 *** < .05 p < .10

N
O'l

"



Table A.6.4

Regression Models of Other Selected Indicators of Worker Productivity
on Daily Cane Deliveries, Third Measurement Period

DEPENDENT VARIABLE: MCANE3

Eq. INTERCEPT INDEPENDENT VARIABLES1
R2 F P>F

MDWENERGY3 MDWTIME3 FURROW3 GROUP MDWENERGY3 MDWTlME3 FURROW3
* * *

GROUP GROUP GROUP

1 24.17* .002* .050 7.38 .007(18.07) (2.72)

la 28.33* -.001 -5.19 .003*** .072 3.58 .016
(10.28) (0.34) (1. 65) (1. 76)

2 19.58* .012* .13*
.135 10.38 .001(10.07) (3.16) (3.96)

2a 23.72* .001 .14*** -5.15 .013 -.015
.148 4.50 .001(4.89) (0.i5) (1. 74) (0.96) (1.19) (0.17)

1t-va1ues in brackets *p < .01 **p < .05 *** < .05 < p < .10

N
0\
co



Table A.6.5

Regression Models of Other Selected Indicators of Worker Productivity,
on Daily Cane Deliveries, Fourth Measurement Period

DEPENDENT VARIABLE: MCANE4

INDEPENDENT VARIABLES1

R2Eq. INTERCEPT F P>F
MDWENERGY4 MDWTIME4 FURROW4 GROUP MDWENERGY4 MDWTIME4 FURROW4

* * *
GROUP GROUP GROUP

1 21. 98* .002** .042 5.75 .018(17.16) (2.40)

1a 18.12* .004** 4.76 -.003 .066 3.04 .031(5.63) (2.02) (1. 36) (1.1u)

2 16.60* .013* .12*
.134 10.00 .001(8.76) (3.79) (2.95)

2a 13.38* .017*** .15 3.74 -.005 -.018 .168 5.09 .001(3.61) (1.81) (1. 59) (0.87) (0.53) (0.17)

It-values in brackets *p < .01 **p < .05 *** < .05 < P < .10

'"0\
\0



Table A.6.6

Regression Models of Other Selected Indicators of Worker Productivity,
on Daily Cane Deliveries, Fifth Measurement Period

DEPENDENT VARIABLE: MCANE5

INDEPENDENT VARIABLES1

R2
Eq. INTERCEPT F P>F

MDWENERGY5 MDWTIME5 FURROW5 GROUP MOWENERGY5 MDWTIME5 FURROW5
* * *

GROUP GROUP GROUP

1 19.27* .004* .086 12.16 .001(10.83) (3.49)

la 34.97* -.004*** -17.76* .009* .383 26.29 .001
(9.58) (1. 91) (4.45) (3.39)

2 15.65* .020* .07** .152 11.82(7.72) (4.42) (2.22) .001
-

2a 25.77* -.015*** .28* 10.84** .032* .214* .459 21.90(6.30) (1. 86) (3.87) (2.42) (3.53) (2.72) .001

It-values in brackets *p < .01 **p < .05 *** < .05 < p < .10

N
'-J
o



Table A.6.7

Regression Models of Age-group and Supplementation Groups on the Change in
Daily Cane Deliveries (Between Supplementation and Pre-Supplementation).

by Measurement Period and Supplementation Period

DEPENDENT VARIABLE: CHHCANE

MEASUREMENT Eq. INTERCEPT INDEPE~~ENT VARIABLES1
R2 IPERIOD AGEGRP GROUP AGEGRP1<GROUP F P>F

1 5.48* -.39*** -.69*>'<
(11.19) (1. 90) (2.03) .054 4.17 .017

2
la 6.27* -.79** -2.15** .71***

(9.35) (2.55) (2.35) (1. 72) .073 3.80 .012
I

2 2.70* .35 -.18
I

(4.17) (1. 28) (0.42) .013 0.90 .408

3
2a 2.92* .24 -.56 .19

(3.18) (0.57) (0.47) (0.34) .014 0.64 .597

. 3 .56 .03 .21
(0.93) (0.12) (0.51) .002 0.14 .870

4
3a 1.07 -.22 -.74 .47

(1. 31) (0.60) (0.67) (0.92) .009 0.37 .774

4 2.64* .69** -5.17*
(3.34) (2.10) (9.58) .421 47.57 .001

5
4a 3.93>'< .06 -7.50* 1.13***

(3.62) (0.12) (5.14) (1. 71)
.434 33.16 .001

5 3.00* .14 -1.41*
(6.59) (0.70) (4.49) .122 10.14 .001

2-5
5a 3.80* -.27

I
-2.89* I .72*** I .143 I(6.11) (0.92) (3.40) (1.87) 8.04 ,.001

-

N..........

It-values in bra~kets *p < .01 **p < .05 *** < .05 < p < .10



Table A.6.8

Regression Models of Canefield Indices and Supplementation Group on Selected
Indicators of Productivity, Second Measurement Period

1
R2DEPENDENT INDEPENDENT VARIABLES F P>FEq. INTERCEPTVARIABLE MFIELD2 MFYIELD2 GROUP MFIELD2 MFYIELD2

GROUP* GROUP*

1 MCANE2 32.36* -.092** -.018 .027 2.02 .137(8.59) (2.01) (0.42)
-

la MCANE2 19.93** .181 .062 14.55 -.357** -.075 .073 2.22 .055
(2.14) (1. 37) (0.60) (1. 43) (2.47) (0.66)

2 MDWENERGY2 2770.4* -6.2 -8.3** .035 2.69 .071(7.89) (1. 44) (2.09)

2a MDWENERGY2 2086.6** -2.9 -1.0 860.0 -7.3 -7.8 .049 1.53 .184(2.42) (0.24) (0.11) (0.91) (0.54) (0.77)

3 MDWTIME2 641. 43* -1.13 -1. 67*** .025 1. 92 .150(7.86) (1.14) (1. 80)

3a MDWTIME2 493.92** -.01 -.25 184.14 -2.60 -1.26 .050 1.54 .180(2.48) (0.00) (0.12) (0.84) (0.83) (0.54)

4 FURROW2 34.62* -.123* -.178* .134 11.50 .001(9.66) (2.82) (4.39)

4a FURROW2 23.20* .136 -.102 12.65 -.290** -.083 .163 5.64 .001(2.66) (1.09) (1.13) (1. 32) (2.11) (0.81)

It-values in brackets *p < .01 **p < .05 *** < .05 < p < .10

N
......
N



Table A.6.9

Regression Models of Canefie1d Indices and Supplementation Group on Selected
Indicators of Productivity, Third Measurement Period

DEPENDENT INDEPENDENT VARIABLES1
R2 F P>FEq. INTERCEPTVARIABLE MFIELD3 MFYIELD3 GROUP MFIELD3* MFYIELD3*

GROUP GROUP

1 MCANE3 32.15* -.024 -.058*** .023 1.60 .206(11. 39) (0.58) (1. 79)

1a MCANE3 28.64 -.047 .003 8.59 .002 -.13 .042 1.18 .321(6.45) (0.57) (0.05) (1. 37) (0.02) (1.61)

2 MDWENERGY3 1079.6* 7.0*** 4.5 .025 1. 81 .168(3.84) (1. 70) (1.41)

2a MDWENERGY3 585.9 -3.2 14.6** 495.6 10.3 -9.6 .062 1.84 .108(1. 34) (0.38) (2.49) (0.80) (1. 05) (1.19)

3 MDWTIME3 309.36* 1. 58*** .753 .023 1.68 .190(5.09) (1. 77) (1.08)

3a MDWTlME3 318.22* .015 1.198 -42.69 -2.090 -.147
.030 0.87 .507(3.32) (0.01) (0.93) (0.31) (0.98) (0.08)

4 FURROW3 49.47* -.071 -.343* .118 9.13 .001(6.87) (0.69) (4.16)

4a FURROW3 52.17* -.167 -.358** 15.53 .158 .205 .140 4.33 .001
(4.13) (0.80) (2.08) (0.93) (0.64) (0.93)

1t-va1ues in brackets *p < .01 **p < .05 *** < .05 < p < .10
~.....
w



Table A.6.10

Regression Models of Canefield Indices and Supplementation Group on Selected
Productivity Indicators, Fourth Measurement Period

Eq. DEPENDENT INTERCEPT INDEPENDENT VARIABLES1
R2 F P>FVARIABLE MFIELD4 MFYIELD4 GROUP MFIELD4* MFYIELD4*

GROUP GROUP

1 MCANE4 22.28* -.028 .077 .014 0.79 .455(7.64) (0.77) (1.18)

la MCANE4 17.45* .041 .135 7.41 -.153*** -.046 .073 1. 62 .160(3.17) (0.64) (1. 20) (1.14) (1. 85) (0.33)

2 MDWENERGY4 1710.8* -8.0** 2.7 .056 3.24 .043(6.60) (2.52) (0.46)

2a MDWENERGY4 1773.9* -3.8 -1.9 -12.7 -12.2 9.9 .107 2.56 .031(3.58) (0.65) (0.18) (0.02) (1. 65) (0.79)

3 MDWTIME4 438.59* -2.01* .63 .063 3.67 .029(7.22) (2.68) (0.46)

3a MDWTIME4 438.99* -1.33 .05 34.35 -2.85*** 1. 76 .145 3.62 .005(3.85) (0.99) (0.02) (0.26) (1. 67) (0.61

4 FURROW4 37.61* -.22* -.08 .166 10.72 .001(8.59) (4.08) (0.78)

4a FURROW4 49.56* -.17*** -.33** -.21** .04 .36*** .281 8.23 .001(6.19) (1. 77) (2.02) (2.22) (0.34) (1. 77)

It-values in brackets *p < .01 **p < .05 *** < .05 < p < .10 N
'J
.po.



Table A.6.11

Regression Models of Canefie1d Indices and Supplementation Group on Selected
Indicators of Productivity, Fifth Measurement Period

Eq. DEPENDENT INTERCEPT
INDEPENDENT VARIABLES1

R2
VARIABLE MFIELD5 MFYIELD5 GROUP :t-1FIELD5* MFYIELD5* F P>F

GROUP GROUP

1 MeANE5 20.33* -.061 .137** .047
(7.31) (1. 41) (2.32) 3.02 .053

1a MeANE5 42.41* -.178* -.193*** -22.30* .235* .241**
(8.65 (3.47) (1.95) (3.95) (3.35) (2.06) .400 15.90 .001

2 MDWENERGY5 1855.9* 4.5 -9.0**
(9.37) (1. 45) (2.13) .044 2.66 .074

2a HDWENERGY5 2080.4* 12.4* -15.5*** 201.2 -17.6* .2 .194(5.32) (3.01) (1.95) 0.44) 3.01) (0.02) 5.49 .001

3 MDWTIME5 403.44* .52 -.69
(8.27) (0.68) (0.67) .006 0.36 .700

3a MDWTIME5 484.8* 3.59* -3.05*** 74.78 -5.96* -.271
(5.56) (3.92) (1. 73) (0.74) (4.78) (0.13) .359 13.32 .001

4 FURROW5 50.27* .08 -.40* .057 3.68
(7.25) (0.70) (2.71) .028

4a FURROWS 56.37* -.12 -.47 -19.35 .40*** .29 .136
(3.86) (0.75) (1. 58) (1.14) (1. 88) (0.84) 3.70 .004

Lt-values in brackets *p < .01 **p < .05 *** < .05 < p < .10 N
.......
V1



Table A.7.1

Mean Daily Cane Deliveries from Independent Growers,
Effective Mill Capacity (MILLCAP) and Percent of

Mandays in Cane Cutting (MANDCANE)
by Month and Harvest Season, 1972-1975

276

Mean daily Effective Percent of mandays cutting
cane de1i- cane capa- sugarcane MANDCANE(%)

veries from city for
independent company LES GROUP HES GROUPgrowers cane

Month/Year (tons) MILLCAP(%)

1972/73 Harvest

November 1972 1151 59 62.6 65.0
December 1646 34 92.8 88.0
January 1973 2238 17 95.8 80.3
February 2611 12 77.3 55.5
March 2117 26 72.1 69.1
April 1587 48 77.9 79.9
May 740 71 96.9 90.2
June 444 85 96.2 72.5

1973/74 Harvest

December 1973 703 59 98.0 72.1
January 1974 1484 42 97.5 84.6
February 2239 20 95.0 89.5
March 2382 30 88.7 94.0
April 1673 47 94.6 93.0
May 1596 48 93.9 96.0
June 1189 57 96.2 96.1
July 1539 47 97.7 91.0
August 1279 64 44.8 31.6

1974/75 Harvest

November 1974 1965 43 78.9 87.3
December 2073 23 81.6 85.2
January 1975 3142 7 65.6 53.8
February 3550 2 54.4 46.7
March 2822 9 58.7 61.8
April 1924 45 86.7 75.8
May 1259 68 81.9 78.6
June 806 76 84.1 81.8



Table A.7.2

Mean (± St. Dev.) with Coefficient of Variation of
MILLCAP, COMPCANE and MANDCANE, by Harvest Season, 1972-1975

Harvest Season
1972/73 1973/74 1974/75

Variable: Mean S.D. C.V.(%) Mean S.D. C.V.(%) Mean S.D. C.V. (%)

MILLCAP (%) 42 26 "62 44 16 36 31 27 87

COMPCANE 775 240 31 741 165 22 593 313 53
(tons/day)

MANDCANE (%)
Both Groups 80 17 21 91 12 13 72 16 22
LES Group 85 15 18 93 10 11 74 14 19
HES Group 75 17 23 89 13 15 70 18 26

N
"'-J
"'-J



Table A. 7.3

Product Moment Correlations of MILLCAP, COMPCANE and MANDCANE,
by Harvest Season, and by Group, 1972-75

Product-moment correlation coefficients

Harvest Season MILLCAP. COMPCANE MANDCANE. COMPCANE MANDCANE. MILLCAP

1972/73 Harvest .542*
Both Groups .148 .131
LES Group -.024 .197
HES Group .298 .104

1973/74 Harvest .026
Both Groups .323* -.149
LES Group .229 -.107
HES Group .410** -.182

1974/75 Harvest .430*
Both Groups .459* .572*
LES Group .422** .615*
HES Group .498* .550*

*p < .01

**p < .05

N....
00



Table A.7.4
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Distribution of Days Worked in Canefie1ds with Different Yields,
Different Physical Characteristics, and Different Location,

by Group, 1974/75 Harvest Season

Difference
LES GROUP HES GROUP

X2
Significance

Indicator: (%) (%) Level

1. Yield (tons/"manzana"): 1

< 50 47.1 41.6
50 - 74.9 38.5 57.8
> 75 14.4 0.6 28.43 p < .01-

2. Elevation (ft.
above sea level):
< 1000 17.7 20.5
1000-1499 19.4 13.3
1500-1999 45.1 39.2
> 2000 17.7 27.1 6.41 p < .10-

3. Terrain gradient (%):
0-4 41.1 49.4
4 - 8 58.9 44.6
> 8 0.0 6.0 15.39 p < .01

4. Cane type:
37 20.9 24.4
43 79.1 75.6 0.60 p > .10

5. Rockiness:
no stones 25.7 47.0
some stones 38.9 21. 7
many stones 35.4 31.3 19.33 p < .01

6. Field Score:
< 20 46.3 30.6
20-29 0.0 8.1
30-39 31.9 31. 9
> 40 21. 9 29.4 19.84 p < .01-

7. Field·Location:
off the study p1antat. 2[1.0 32.5
on the study p1antat. 76.0 67.5 3.09 p > .10

1
"manzana" = .7 hectares



Table A.7.5

Stepwise Regression Analysis of a Regression Model to Test for a Positive
Supplementation Effect on the Productivity of the HES Group

REGRESSION COEFFICIENTS1

SUPPER*
R

2Step Intercept SUPPER MANDCANE MILLCAP TIME HSEASON GROUP GROUP F Pr>F

1 24.58 2.02* .089 18.06 .0001(4.25)

2 19.88 2.32* 0.06* .165 18.19 .0001(5.03) (4.10)

3 19.84 2.28* 0.05* 0.02** .188 14.15 .0001(4.99) (3.21) (2.29)

4 20.56 3.46* 0.04* 0.02** -0.02 .198 11. 26 .0001
(3.85) (3.11) (2.35) (1. 52)

5 18.98 3.60* 0.04* 0.04* -0.09* 2.14** .218 10.10 .0001(4.03) (2.86) (3.15) (2.61) (2.14)

6 19.02 3.83* 0.04* 0.04* -0.09* 2.15** -0.47 .220 8.48 .0001(4.03) (2.81) (3.16) (2.62) (2.14) (0.73)

7 18.95 3.87* 0.04* 0.04* -0.09* 2.14** -0.55 0.08 .221 7.24 .0001(3.85) (2.76) (3.13) (2.61) (2.14) (0.61) (0.14)

It-values in brackets

*p < .01
**p < .05 l\.)

00
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APPENDIX B

Glossary of Variables

Variable MnemoI!!£': Description:

A. Productivity

1. MCANE
X

-----------------------------------------Daily deliveries of sugarcane (in cwts.);
averaged OVer a measurement-period of the
Nonequivalent Control Group (NCG) design;
variable suffix refers to the measurement
period.

2.

3.

4.

CHMCANE-----------------------------------------Pair-wise difference in mean daily deliveries
of sugarcane (in cwts.) between a measure
ment-period of the supplementation phase,
and the pre-supplementation measurement
period.

CANEDELV.---------------------------------------Weekly group mean of daily sugarcane
1 deliveries (in EWt s . ) ; variable suffix

refers to the i-- week of the Multiple
Time-Series (MTS) design.

ECANEm------------------------------------------Mean group daily sugarcane deliveries (in
cwts.) at the end of the mth subperiod of
the MTS design, estimated by the mean
regression of mean daily sugarcane
deliveries on time.

~

oo
I-'



5.

6.

7.

8.

1.

MDWTIME ----------------------------------------Daily total work-time (in minutes)
x averaged over several daily observations

of a measurement period of the NCG
design; variable suffix refers to the
measurement-period.

MDWENERGY --------------------------------------Total energy expenditure at work/day
x (in kcals) averaged over several daily

observations during a measurement-period
of the NCG design; variable suffix
refers to the measurement-period.

FURROW -----------------------------------------Length of furrow cut per hour (in
x meters), averaged over several daily

observations during a measurement-period
of the NCG design; variable suffix
refers to the measurement-period.

WORKEVAL ---------------------------------------Work evaluation score (l=poor 2=averagex ' ,
3=well done), averaged over several
daily observations during a measurement
period of the NCG design; variable
suffix refers to the measurement-period.

B. Energy Intake

ENERGY -----------------------------------------·Total energy intake/24 hours (in kcals)
x estimated by the one-day recall dietary

survey; variable suffix refers to the
measurement period of the NCG design.

N
00
N



2. CHENERGY----------------------------------------Pairwise difference in total energy
intake/24 hrs (in kcals) between a
measurement-period of the supplementation
phase, and the pre-supplementation
measurement period.

3. ENGRP-------------------------------------------Classes variable for daily energy intake
during the pre-supplementation
measurement period.
"1": < 2673 kcals/day
"2": 2674-3225 kcals/day
"3": > 3225 keals/day
(Cut-off points established by the 33rd
and 67th percentiles of the distribution
for both groups combined.)

C. Body Composition

1. ARMCIRl------------------------------------------Mid upper-arm circumference (in mm),
measured during the pre-supplementation
measurement-period.

2. SKINFLDl----------------------------------------Tricipital skinfold (in mm), measured
during the pre-supplementation
measurement-period.

3. AR}IDSCLEI---------------------------------------Upper-arm muscle area (in mm2), derived
from the following formula:

(ARM;IRl ._ SKINFLDl)2 x Tf/4,

where Tf = 3.1416.
N
00
w



4. HTl---------------------------------------------Stature (in cms).

5. HTGRP-------------------------------------------Classes variable for stature; cut-off
points established by the 33rd and 67th
percentiles of the distribution for
both groups combined.
'1': < 156 cms ,
'2': 157-162 cms.
'3': > 162 cms.

6. PERCWTHTl---------------------------------------Actual body weight as percent of expected
weight based upon weight for height
standards for adult males. Actual body
weight measured during the pre
supplementation period.

7. WTHTGRP-----------------------------------------Classes variable for the percent of actual
weight for expected weight, measured
during the pre-supplementation period.
'1': < 84%
'2': 85-94%
'3': >95%.

8. r1USHTGRP----------------------------------------Classes var~able for upper-arm muscle
area (in mm ) per cm of height, as
measured during the pre-supplementation
period. Cut-off points established by
the 33rd and 67th percentiles of the
distribution for both groups combined:

2'1': .::. 26.9 rom /cm
2'2': 27.0-30.3 rom /cm

2'3': > 30.4 rom /em N
00
~



9. CRBW--------------------------------------------Pairwise difference in body weight
(kgs) between a measurement-period of
the supplementation phase and the pre
supplementation period.

D. Environmental Factors

1. yIELD.------------------------------------------Mean yield (tons/.7 hectare) of sugar-
1 cane of the canefields to which either

the LES Group or the RES Group were
assigned during the jth week.

2. FIELD.------------------------------------------Mean field characteristics score of the
1 canefields to which either the LES

Group or the RES Group were assigned
during the jth week.

3. DOFF.-------------------------------------------Number of days during the i
t h week

1 that either the LES Group or RES Group
worked in a canefield located off the
study plantation.

4. MFYIELD ----------------------------------------Mean yield (tons/.7 hectare) of cane-
x fields to which a worker was assigned,

averaged over several daily observations
during a measurement period of the NCG
design; variable suffix refers to the
measurement period.

N
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5. MFIELD -----------------------------------------Mean field characteristics score of cane-
x fields to which a worker was assigned,

averaged over several daily observations
during a measurement period of the NCG
design; variable suffix refers to the
measurement period.

E. Time Variables

1. HSEASON-----------------------------------------Classes variable which distinguishes
the three harvest seasons included in the
MTS design.
'1': 1972/73 harvest
'2': 1973/74 harvest
'3': 1974/75 harvest

2. PERIODl-----------------------------------------Classes variable which distinguishes the
first half of the three harvest seasons---included in the MTS design.
'1': 1972/73 harvest
'2': 1973/74 harvest
'3': 1974/75 harvest

3. PERIOD2-----------------------------------------Classes variable which distinguishes the
second half of the three harvest seasons
included in the MTS design.
'1': 1972/73 harvest
'2': 1973/74 harvest
'3': 1974/75 harvest

N
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4. PERIOD56----------------------------------------Classes variable which distinguishes
between the first and second half of the
1974/75 harvest season in the MTS design.
'1': first half - 1974/75 harvest
'2': second half - 1974/75 harvest

5. SUPPER------------------------------------------Classes variable which distinguishes
between the pre-supplementation period
and the supplementation period included
in the MTS design.
'0': pre-supplementation period
'1': supplementation period

6. TlME--------------------------------------------Trend variable, using the weeks included
in the MTS design, consecutively numbered,
as observations.

F. Other Variables

1. AGE---------------------------------------------The age of the workers calculated in
years completed between January 1, 1974
and date of birth.

2. AGEGRP------------------------------------------Classes variable for age (as of
January 1, 1974); cut-off points
established by the 33rd and 67th per
centiles of the distribution of both
groups combined.
'1': < 27 years
'2': 28-39 years
'3': > 40 years.
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3. GROUP-------------------------------------------Classes variable to distinguish between
the group of workers which received the
low energy supplement, and the group which
received the high energy supplement.
'0': LES Group
'1': HES Group

4. MILLCAP.----------------------------------------Mean daily percent of effective mill
1 capacity available to process sugarcane

from the study plantation during the
.th k£-- wee •

5. MANDCANE.---------------------------------------The proportion of total mandays worked
1 during the jth week spent cutting and

loading cane by either the LES Group
or HES Group.

6. OUTCANE.----------------------------------------Mean daily total sugarcane deliveries (in
1

tons) from independent growers during the i
t h

week.

7. COMPCANE.---------------------------------------Mean daily total sugarcane deliveries (in
1 tons) from the study plantation during the

.th k£-- wee •

N
ex>
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APPENDIX C

Field Characteristics Index

The objective was to identify several physical features of cane

fields which may affect worker productivity. Different canefields

were by no means uniform as regards their physical aspects. The field

supervisor who aided the project staff with the assessment of all

canefields and who himself ha.s previously been a sugarcane cutter on

the study plantation, suggested the physical characteristics which

might produce inLra-worker variation in productivity. Each of these

physical features is discussed below.

A. Elevation (Xl)

The elevation of the canefields was obtained from Company records

or, in the case of canefields located off the study plantation, was

estimated. The elevation of the canefields to which workers from

either group were assigned during the study-period ranged from 300 to

2500 feet above sea level. The canefields of independent growers

usually tended to be at the lower elevations. Given this range in

elevation, it was generally thought that work in the canefields at

higher elevations would be less strenuous because of lower temperatures

and reduced humidity. The reduced oxygen content of the air at higher

elevations was not thought to play a role because: (i) even at

2500 feet the oxygen content of the air is not significantly reduced

as compared to at sea level, and (ii) the men could be assumed to be
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physiologically well adapted to a small reduction in the O2 content

of air since most of them were born, raised and used to working at

the h~gher altitudes. l

B. Terrain Gradient (X2)

It was generally thought that cutting and loading sugarcane

would be less strenuous on a flat terrain than on terrain with a

significant gradient. The additional effort of balancing the body

on a gradient was assumed to affect worker productivity negatively.

Three gradient levels were distinguished: "1": 0-4%; "2": 4-8%;

"3": 8-12%.

C. Terrain Topography (X3)

In addition to the general terrain gradient, each canefield was

assessed as to major terrain interruptions. Such terrain interruptions

would consist of small hills, large ditches and brooks which run

through the canefield. Again it was assumed that the sugarcane that

grew on the sides of small hills, of ditches, and brooks would be

more difficult to cut than the sugarcane that grew on the flatter

parts of the canefield. Three levels of terrain topography were dis-

tinguished: "1": smooth terrain; "2": minor terrain interruptions

(few small hills, ditches, brooks, etc.); "3": major terrain

interruptions (large hills, ditches, brooks, etc.).

lCommunity One is located at about 2,000 feet, and Community Two at
about 1850 feet above sea level.
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D. Soil Type (X4)

The soil type of each canefield was evaluated as to its ferti

lity. This variable had probably the greatest relevance to determining

the average yield of sugarcane per unit of land. Less fertile soil

generally meant that the weight of the cane stack was less, and that

the cane stacks be growing farther apart. Both these factors meant

that productivity would negatively be affected in terms of weight of

cane cut per unit of time (or time required to cut a given weight of

cane). Soil types were ranked as follows: "1": black, fertile soil;

"2": black, but somewhat depleted soil; "3": black soil and sand

mixed; "4": sandy, depleted soil.

E. Rockiness (X5)

The presence of rocks and stones in the canefields was also

assessed. This variable seemed relevant in several ways, in that the

presence of many rocks and stones meant that: (i) the sugarcane grew

more dispersed, (ii) standing and walking was more difficult, (iii) the

cane stacks were more difficult to reach, and (iv) the weeding process

of the canefields during the off harvest season was more difficult.

As the results below indicate, the presence of rocks and stones seemed

to influence the productivity in weeding more than in cutting and

loading sugarcane. Three levels were distinguished: "1": little or

no rocks; "2": some rocks; "3": rocks widely present.

F. Cane Variety (X6)

Mostly two different varieties of sugarcane were grown on the

study plantation, though small sections of some canefields were
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planted with other varieties, often for experimental purposes.

Variety "37" has a softer, less fibrious stack, and its leaves grew

upright and are less voluminous. Variety "43" has a tougher, more

fibrious stack, has more voluminous leaf growth, and the leaves tend

to grow broadside. Variety 37 is the preferred variety for cane

cutting, since it requires less effort to cut the stack and to de-leave

it. For weeding, however, variety 43 is preferred since the voluminous

leaves and their growth pattern allow less sunlight to reach the

ground between furrows, thus resulting in less growth of weeds and

grass. The other varieties seemed to fall between the "37" and "43"

varieties in terms of the growth pattern of leaves and the toughness of

their stacks. This variable was coded as follows: "1": variety

"37"; "2": variety"43"; "3": other varieties.

Rather than include all six variables in the statistical analysis

throughout, it was decided to establish which of these physical features

were most significantly related to productivity, and to create field

characteristics scale by establishing a "score" for each canefield.

Based upon the field characteristics score, canefields could be ranked

from being most conducive to being least conducive to high worker

productivity in cutting and loading cane. The productivity indicator

which was thought to be most affected by these environmental factors

was total work-time/day (DWTlME). A regression model was formulated

and was tested using all daily individual worker observations (both

groups combined) obtained during the whole study-period (January 1974

June 1975). Each of the above variables with the exception of eleva

tion was redefined in terms of contrast variables. Thus,
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2DWTIME (mins) = F(X1,X1 ,C1,C2,C3,C4,C5,C6,C7,C8,C9,C10,C11),

where: C1 = 1 if X2 = 1; = -1 if X2 = 2; = 0 if other.

C2 = 1 if X2 = 1; = -1 if X2 = 3; = 0 if other.

C3 = 1 if X3 = 1; = -1 if X3 2; = 0 if other.

C4 = 1 if X3 = 1; = -1 if X3 = 3; = 0 if other.

C5 = 1 if x4 = 1; = -1 if X4 = 2; = 0 if other.

C6 = 1 if X4 = 1; = -1 if x4 = 3; = 0 if other.

C7 = 1 if X4 = 1; = -1 if X4 = 4; = 0 if other.

C8 = 1 if X5 = 1; = -1 if X5 = 2; = 0 if other.

C9 = 1 if X5 = 1; = -1 if X5 = 3; = 0 if other.

C10 = 1 if X6 = 1; = -1 if X6 = 2; = 0 if other.

C11 = 1 if X6 = 1; = -1 if X6 = 3; = 0 if other.

Using the statistically significant regression coefficients generated,

a field characteristics score was established for each canefie1d.

Th h f h .th f' 1dus, t e score or t e J-- cane 1e was:

53.26 - .0201843 Xl. + .00000342 X1.
2

- 1.4864 C2. - 3.6681 C3.
J J J J

+ 1.4996 C4. + .0015 C5. + 1.0409 C6. + 3.1236 C7.
J J J J

- 7.1241 C10. - 10.1594 C11 .•
J J

C1, C8, and C9 had regression coefficients which were not different

from zero. In other words, total work time was not affected by whether

canefie1ds had a gradient between 0-4% or between 4-8%. Also, the

amount of rocks in the field did not affect total work-time during the

harvest-season. According to the relationships postulated between

individual physical features and worker productivity, and the way the
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dummy variables were constructed, we would expect all variables to

have negative coefficients (with the exception of XlZ). Accordingly,

the lower the score the more conducive the conditions in the canefield

were to high productivity. This still holds true in general, even

though some variables have positive coefficients. The total score

appears to be dominated by the elevation and cane variety variables

(Xl, X1
2,

ClO and Cll). The positive effect on worker productivity of

high elevations far outweighs any negative effects.

Table C.3.l

Mean Field Characteristics Scores of all Canefields,
the Canefields of the Study Plantation, and

the Canefields of Independent Growers

Canefields of the Canefields of
All Canefields study plantation indep. growers

n 78 62 16

Mean 28.93 25.43a 42.5Za

(± S.D.) (14.46) (12.51) (13.74)

C.V. % 50 49 32

Range 8.03 - 61.43 8.03 - 43.24 17.64 - 61. 43

a < .01.p

The field characteristics scores varied greatly among the cane-

fields as indicated by the high coefficients of variation. At closer

examination, it turned out that the distribution of the scores was

bimodal, suggesting that the canefields could generally be divided into
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"good" and "bad" fields. Generally, the physical conditions of the

canefields of the independent growers were less conducive to high

productivity as compared to the canefields of the study plantation.

This was primarily due to the fact that the canefields of independent

growers tended to be located at low altitudes (mean: 930 ft. versus

1800 ft. for the canefields of the study plantation), and that a higher

percent of these canefields were planted with variety 43 (68.8%

versus 48.3% of the canefields of the study plantation).
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