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Sfirm‘ Three objectives were established for this study. They were

f. Alfie-$.15“) investigate factors associated with the productivity of

v trmbers being paid on a piece-rate system for harvesting apples by

‘5- 3 “ggeéé‘4n Michigan, (2) determine whether the relationship between

I‘. 27" w pip; independent variables and the dependent variable (productivity

‘ ' mlepicking) was different for specified subgroups within the

*vapgpopulation of workers, and (3) cross-validate the empirical

fit-ionahips discovered in carrying out objectives one and two using

I‘M”) grpm two different years--1965 and 1966.

‘ thflcné basic hypothesis of this study was that apple picking labor

'fl‘éggnhomogeneous. Labor Heterogeneity implies that pickers would

4 wfimcte‘d to differ in their level of performance (measured in

‘(of' apples picked per hour) under given conditions. And that

Ifitfl-ththe highest level of performance under one set of condi-

»1gmgjffllflno]: _necessarily have the highest level of performance

'Mza‘lt‘er‘native set of conditions. It also implies that pickers

énherently different abilities may perform at the same level if

- . éfi‘éppfiffering working conditions.

~.

5"

‘ ,

1. §flfigfih§§1°n$hip between worker productivity picking apples by

I W and 23 independent variables representing worker
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( .‘éhérleteristics, management practices, orchard characteristics, and

0

reaches conditions was analyzed by ordinary least squares regression

fignnlysis. The data consisted of 3,982 worker-day observations on

-flpples being picked by hand in Michigan under the piece-rate system in

i965 and 647 like observations for 1966. Seven regression equations

e,{fiere’fitted for each year. Six of these equations contained interaction

itérms between worker characteristics and other selected independent

Variables in order to investigate differences in the relationship

bitween these selected variables and apple picking productivity (dif-

ferential predictability) for subgroups of workers within the total

' 'pbpulation. The possibility of differential predictability with

I"ignpe'ct‘to experience, size, residence, age, sex, and ethnic origin of

picking units was investigated.

chifd Residence and experience were the worker characteristics which

I-.;flbst”consistently differentiated between fast and slow pickers.

ifiuflmrr'productivity levels than inexperienced ones in a majority of

j; ‘mtua‘tions .

EBPML 'Cfiale workers were found to have significantly faster apple

“.i]§§ch&n ‘rates than female workers in this study. And workers from 26

nggrirrsssrs old had significantly higher productivity than workers in'

‘ _ either younger or older age categories.

Workers picking apples for the fresh market harvested signifi-

‘.,1yc£ewer bushels of apples per hour than did workers picking apples

fipocbssing. Picking apples in "good" weather was expected, a

 



   

   

  

   

   

  

   

 

   

   

  

  

  

. fPriori, to increase worker productivity, but picking rates in "good"

‘3';weather were significantly lower than those in weather classed as "bad".

Statistical evidence of differential predictability for worker

|

Charles M. Cuskaden

. i
(t'uhit subgroups in this study was not strong although several variables |

,ydid tend to show differential predictability for workers in different

roupa. There was evidence, however, supporting the hypothesis

{ :,t apple picking labor is not homogeneous.

A tendency toward differential predictability was found for

f'picking units of different sizes when apples were being picked for

t the fresh market. The productivity of individual pickers was reduced

'-"lels by picking for this market than was the productivity of groups of

fine or more pickers working together.

‘4 2' Subgroups of workers based on residence tended toward differ-

 ;5§tia1. predictability with respect to worker unit age, sex, and

‘Ebsperience; and with respect to bonus payment.

Subgroups based on sex and ethnic origin were each found

’ 4‘fferentially predictable with respect to only one variable. Mixed

‘ ,e and female picking units had significantly faster picking rates

Chitthey received no bonus payment than did all-male units under the

‘Tvil conditions. And colored workers picked significantly more bushels
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CHAPTER I

INTRODUCTION

Many fruit and vegetable crops grown in Michigan are cultivated

and harvested by seasonal hand labor. This type of labor has tradition-

ally been paid on a piece-work basis and about half of the workers

employed in the production of these crops were residents of states

other than Michigan or foreign countries, particularly Mexico.

In 1964, 159,400 seasonal workers were employed on Michigan

farms.1 Of this total, 63,000 were inter-state domestic workers and

13,400 were foreign nationals. The termination of Public Law 782

before the start of the 1965 crop year in addition to a high level of

industrial employment reduced the number of seasonal farmworkers

employed in Michigan in 1965 by about 3 percent compared to 1964.3

Table 1 below illustrates the magnitude of the reduction in foreign

workers admitted to the United States for season agricultural

employment.

lWilliam H. Metzler, Ralph A. Loomis, and Nelson L. LeRoy, "The

Farm Labor Situation in Selected States, 1965-66," Agricultural Economics

3&2225‘E_. 110, ERS, USDA, April 1967, p. 34.

2The purpose of Public Law 78 was to supply agricultural workers

from the Republic of Mexico to aid in the production of agricultural

commodities in the United States. Public Law 78 contained, among others,

provisions authorizing the Secretary of Labor of the United States to

recruit and transport Mexican agricultural workers. All provisions of

Public Law 78 may be found in Statutes a; Lagge, Vol. 65, 1951, 82nd

Congress of the United States of America.

, . , .

3"The Farm Labor Situation in Selected States, 1965-66," 22. gig.,

p. 34.
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Table 1. Foreign Workers Admitted for Temporary Employment by Year

and Nationality, 1958-67a

 

 

British Japanese

West and

Xgar Total Mexican Indian Canadian Filipino

1958 447,513 432,857: 7,441 6,900 315

1959 455,420 437,643b 8,772 8,600 405

1960 334,729 315,846b 9,820 8,200 863

1961 310,375 291,420b 10,315 8,600 40

1962 217,010 194,978b 12,928 8,700 404

1963 209,218 186,865b 12,930 8,500 923

1964 200,022 177,736 14,361 7,900 25

1965 35,871 20,284 10,917 4,670 0

1966 23,524 8,647 11,194 3,683 0

1967 23,603 6,125 13,578 3,900 0

 

aFarm Labor Develo ments, Bureau of Employment Security, U. S.

Department of Labor, February, 1968, p. 14.

bAdmitted under Public Law 78.

The tighter seasonal farm labor market coupled with increased

pressure from civic groups and legislative bodies to improve the con-

ditions under which seasonal agricultural employees live and work has

stimulated the development and adoption of mechanized harvesting

equipment for many fruit and vegetable crops produced in Michigan.

3 Although some experimental work has been done to mechanize

apple harvesting in Michigan, it is still primarily a job for a man

and a ladder. The 1964 Michigan production of apples on about 4,000

farms was approximately 692.4 million pounds which was valued at

slightly over 22.1 million dollars.4 Approximately 12,500 seasonal

 

41264 United States Census of Agriculture, U. S. Department of

Commerce, Bureau of the Census, Part 13, Michigan.
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3

Workers were used to harvest the Michigan apple crop in that year and

they were paid about 3.7 million dollars for their labor.5

Fisher has shown that under conditions of perfect competition in

both the product market and the harvest labor market that it will be to

the benefit of growers to have a larger rather than a smaller work force

when apples are being picked by piece-rate.6 Under the conditions out-

lined above the decision to harvest an apple crop is an all or nothing

decision since both the marginal revenue curve and the marginal cost

curve for the firm are perfectly elastic.7 With these two conditions

existing the total number of man-hours of labor (in units of standard

efficiency) is determined by the quantity of apples available to be

harvested. Given the above conditions the grower will prefer more

5"The Farm Labor Situation in Selected States, 1965-66," 92. cit.,

pp. 39 and 44.

6Lloyd H. Fisher, m Harvest Labor Market E; California, Cam-

bridge: Harvard University Press, 1953, pp. 151-160. Fisher's dis-

cussion is in terms of the harvest market in general, not specifically

for apples, but his findings are directly applicable to the harvesting

of apples. The grower will prefer a larger work force to a Smaller one

up to the point where the orchard becomes so crowded that damage occurs

due to an extreme concentration of workers in one area.

7Ibid., pp. 151-155. The marginal revenue curve is perfectly

elastic under the assumption of perfect competition in the product

market. The perfectly elastic marginal cost curve is a direct result

of the piece-rate method of payment. In developing his argument,

Fisher assumes that labor cost is the only harvest cost. This ignores

some minor items of harvest cost such as picking crates, but these

costs are minimal compared to those of labor.
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workers to fewer workers because this will shorten the time required

to harvest the apple crop; and risk is reduced in this way.8

_
v
_
-
~
.
_

1

.
s

A reduction in the total number of seasonal workers available

for employment on farms may result in growers experiencing the follow-

‘
.
'

ing two problems, among others. First, difficulty in recruiting

seasonal labor and, second, difficulty in completing the harvesting of

a crop during the period of peak quality. The main focus of this study

will be on the efficient utilization of the available supply of seasonal

b labor by growers in order to minimize these two problems. More

efficient utilization of a given number of harvest workers should have

the same effect as increasing the number of workers in a harvest crew--

risk should be reduced.

 Studies gfi 1111351 1&9;

The literature on agricultural labor can be separated into three

general types: 1) that concerned with characteristics of the laborers

themselves, 2) that concerned with labor mobility, and 3) econometric

studies of labor market relationships. The United States Department of

Agriculture has published a series on the hired farm working force

annually since 1945.9 This series gives information on the number of

days of farm wage work and wages earned by selected worker character-

istics on an aggregate United States basis.

8Increasing the number of workers to shorten harvest time is of

concern to the grower for several reasons: 1) minimizes fruit spoilage,

2) lowers risk of weather damage, 3) avoids product price fluctuations,

4) maximizes thme Span of control over crop, and 5) prevents selective

picking by workers of that part of the crop which is easiest to pick

and yields more return to workers per unit of time.

9For example, see "The Hired Farm Working Force of 1968, " Agri-

gyltggg1_gggngnig Rgport No. 164, ERS, USDA, 1969. Prior to 1962 this

series was published as an Agricultural Information Bulletin by AMS, USDA.
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Numerous reports on mobility as a characteristic of the popula-

tion of the United States are available in the literature. Numerically,

sociologists have probably made the greatest contribution in this

area.10 Economists have also been concerned with labor mobility since

this quality of labor is necessary for efficient use of resources in

a dynamic economy such as exists in the United States.11 Agricultural

economists have mainly been concerned with the rural to urban labor

flow as it relates to the relatively low labor return in agriculture

compared to alternative employment opportunities.

Economists have also attempted to analyze the structure of the

hired farm labor market empirically.12 Statistical estimates have

been made of both demand and supply relationships for hired farm labor.

These studies have treated labor as a homogeneous input and have been

concerned with the estimation of aggregate labor market relationships.

This is in contrast to one of the basic assumptions of this study which

is that labor is not a homogeneous factor. Specifically, individual

10For examples of this type of literature see: Paul J. Jehlik

and Ray E. Wakeley, "Population Change and Net Migration in the North

Central States, 1940-50," Ioga Agzigultggal Egpggimgn; Station 3;:

search Bulletin 439, July 1955, and Gladys K. Bowles, "Migration

Patterns of the Rural-Farm Population, Thirteen Economic Regions of

the United States, 1940-50," gpral Sgciology, Vol. 22, 1957, pp. 1-11.

11For example, see: C. E. Bishop, "Economic Aspects of Changes

in Farm Labor Force," in abor Mobility and Population ig Aggiculture,

Ames: Iowa State University Press, 1961.

12For example, see: 1) Zvi Griliches, "The Demand for Inputs

in Agriculture and a Derived Supply Elasticity," Jougnal 2f Fagm

Eggngmigg, Vol. XLI, May 1959, pp. 309-322; 2) G. Edward Schuh, "An

Economctric Investigation of the Market for Hired Labor in Agriculture,"

3) T. D. Wallace and D. M. Hoover, "Income Effects of Innovation: The

Case of Labor in Agriculture," Journal 2: Farm Econ ics, Vol. 48,

May 1966, pp. 325-336.
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differences exist with respect to worker unit productivity in apple

harvesting. The individual with the highest level of performance under

one set of conditions may not have the highest level of performance

under some alternative set of conditions. 0r two individuals having

the same level of performance under some condition may not have the

same performance level under another set of conditions.

Objectives

Three objectives were established for this study. The first was

to investigate factors related to the productivity of workers being paid

on a piece-work system for harvesting apples by hand.13 The second ob-

jective was to determine whether the relationship between certain inde-

pendent variables and worker productivity is different for specified

subgroups within the total population of workers. Fulfillment of this

objective may provide information allowing workers to be better placed

according to the situation(s) in which they must work or it may point

out certain practices which the grower could follow in order to better

utilize his available supply of labor. The third objective of this study

was to carry out a cross-validation14 procedure using observations on

worker productivity for the two years 1965 and 1966. This procedure en-

tailed using 1965 data in a regression analysis to establish tentative

relationships between picking rates and selected independent variables.

The 1966 data were then used to check the relationship discovered in the

1965 data.

 

,13The productivity of workers, or worker productivity, will be

used throughout this study to refer to the rate of apple picking

measured in.bushels of apples picked per hour.

14The process of cross-validation involves the asseSSment of

Orelationships for two separate samples within the same population.

 



CHAPTER II 1
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PSYCHOLOGICAL CONCEPTS RELATED TO STUDY

  

   

  

  

  

  

  

  

  

  

  

   

 

  

  

  

  

' ,Psychologists have for some time used statistical methods in

attempts to predict future performance of individuals from present

v 1

information. Most attempts have used psychological testing procedures

which measure certain traits which the individual possesses. The

relationship between the measured traits and later performance on the

job, which is used as a criterion, is used to set up standards for

selection of individuals for certain positions. The basis for this

Dux

type of selection procedure rests on the assumption that the relation-

31.9": '

ag‘l’upubetween an individual's traits and his later success on the job

, {“11} hold.across individuals. Until recently most studies in this area

_4:vused {a simple Pearsonian Correlation Coefficient to assess the relation-

1? 9:31pbetween the criterion and the traits measured. This approach is

I}

Jpgagxedon a simple model containing only two variables: 1) a predictor,

?: I,and 2) a criterion.

,fiha: '~ A'
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.‘Zifiodsls for predicting the future performance of individuals. These

W

Recently, psychologists have begun to consider more complicated

.-.. -.-

Vhodelmsuggest that not all groups of people will be predictable to the

efteht, that not all jobs within some broad category such as sales-

fig.
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mimlbepredictable to the same degree with a certain test; and that
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One such model has been discussed by Dunnette.1 He has drawn upon the

previous work of Guetzkow and Forehand2 in proposing a model for per-

sonnel selection composed of five components.

Prediction Model Proposed by Dunnette

Pregigtggs Indiyiduals Job Behagiors Situations Consequences

P1 I1 131—):31.‘ [W31

P3 I3 B3~——--)| 33‘ Ca

4P4 I B4 '84. c4

. . . ‘. ‘ .

I
Pn Ii Bj 'sk ' ce

 

Dunnette suggests that this formulation for a prediction model takes

account of the complex interactions which may occur between predictors

and various predictor combinations, different groups (or types) of

individuals, different behaviors on the job, and the consequences of

these behaviors relative to the goals of the organization. The model

permits the possibility of predictors being differentially useful for

predicting the behaviors of different subsets of individuals. It shows

that similar job behaviors may be predictable by quite different patterns

of interaction between groupings of predictors and individuals or even

1Marvin D. Dunnette, "A Modified Model for Test Validation and

Selection Research,” Jgugnal g§_Applied Psychology, Vol. 47, No. 5,

1965, pp. 317-23.

2Harold Guetzkow and Garlie A. Forehand, "A Research Strategy for

Partial Knowledge Useful in the Selection of Executives," In: figsearch

Needs in ggggugiye Selectigg, Renato Tagiuri (Editor), Boston: Harvard

Graduate School of Business Administration, 1961.
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that the same level of performance on predictors can lead to substan-

tially different patterns of job behavior for different individuals.

The model also recognizes the annoying reality that the same or similar

job behaviors can, after passing through the situational filter, lead

to quite different organizational consequences. The Dunnette Model

suggests that a typology for classifying people, tests, job situations,

and behaviors according to their relative predictability needs to be

developed. Dunnette calls for research studies "devoted to the defini-

tion of homogeneous subsets within which appropriate prediction equa-

tions may be developed and cross-validated."3

§gg§ Definitions

Qriterion - A criterion is a measure of success on a particular

job or task.4 Several criteria may exist for any particular job and a

really complete ultimate criterion is multiple and complex in almost

every case. Three categories of criteria are suggested by Thorndike:5

1) ultimate, 2) intermediate, and 3) immediate. An ultimate criterion

is camplete in the sense that there is no further or higher standard by

which performance can be judged. An ultimate criterion may be inaccessi-

ble or involve a long time lag. For this reason criteria which are more

immediately available and judged to be related to the ultimate criterion

are of more practical importance. Thorndike refers to these criteria

as intermediate and immediate.

 

3"A Modified Model for Test Validation and Selection Research,"

22- 9.1.1.1.” P- 320-

1'Robert L. Thorndike, Persopgel Selection, New York: John Wiley

& Sons, Inc., 1949, p. 119.

511111., p.121.
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10

Two types of criterion measures may be used in practice.6 The

first of these is the evaluation of performance on one specific task.

A general summary evaluation of a total phase of on-the-job performance

may also be used. All criterion measures must have some degree of

validity and reliability. The validity of a criterion measure usually

must be estimated largely on rational grounds as to its relevance to

some ultimate goal.7 A criterion measure must have some reliability,

that is, reliability must be greater than zero. Assessment of the

degree of reliability of criteria must be statistical. Criterion

measures may be in the form of rankings by either superiors or peers,

success or failure categories, or empirical measures of performance

such as production rates on the job.

Predictor yariables - A predictor variable is one which can be

observed or measured at the present time and has some relationships to‘

future success on a particular job. In a regression analysis these

variables would take the form of independent variables.

galidity - The validity of a measurement procedure depends upon

its correlation with some measure of success in the job for which it is

being used as a predictor. Wood8 lists four ways in which validity may

be assessed: 1) predictive, 2) concurrent, 3) construct, and 4) content.

Predictive validity and concurrent validity are assessed empirically.

Predictive validity is evaluated using some form of correlation

coefficient to measure the relationship between the measurement technique

 

6lpid., p..132.

7lpid., p. 125.

8Dorothy Adkins Wood, Test Construction, Columbus, Ohio: Charles

E. Merrill Books, Inc., 1961, pp. 16-19.
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in question and some later measure of performance in the job for

which it is being used as a predictor. The assessment of concur-

rent validity utilizes the same empirical techniques as does the

' .

I

assessment of predictive validity. However, the criterion measure

used is obtained at the same time as readings are taken on the pre-

dictor variable(s). The assessment of construct and content validity

depends largely upon personal judgement.

Reliability - This concept is concerned with the extent that

repeated measurement gives consistent results for the individual--

consistent in that his score remains Substantially the same when the

measurement is repeated, or in that his standing in the group shows

flittle change.9 The degree of reliability in a set of measurements is

determined by comparing error variance with the total variance. Reli-

ability is high if the amount of error variance is low relative to the

variation between persons and reliability is low if the amount of error

variance is high relative to the variation between persons. Error

variance is that part of total variance associated with a particular set

of measurements which would not be reproduced on subsequent measurements.

A reliability coefficient is generally calculated and used to represent

the degree of reliability. This coefficient is computed by calculating

the coefficient of correlation between two sets of scores.

The following are some of the methods commonly used to determine

the_degree of reliability in a set of measurements:10 1) equivalent

 

Ire ", 9Peraonne1 Selection, 92. cit., p. 68.

1oPersonnel Selection, 22. git., p. 79.
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test forms, 2) repetition of identical test forms, 3) subdivision of

a single total test, and 4) analysis of variance among items.

£12§§,2a1idatign - This process involves the assessment of the

validity of a particular measurement device on two separate samples

of individuals within the same population.11 Generally the first

sample of individuals is used to develop and refine a measurement

device. The degree of correlation between the scores on the measure-

ment device for the first sample and their scores on a criterion

measure is determined. After the above procedure has been carried out

using the first sample of individuals, a second sample of individuals

(different from the first) is obtained from the same population. The

measurement device developed and refined on the first sample is then

applied without further alteration to the second sample of individuals

and their scores on the measurement device are correlated with their

scores on the criterion. If the measurement device is to be considered

valid for prediction within the population sampled, essentially the

same relationship must exist between the criterion and the meaSurement

device for both samples.

geyiew 2f Psychological Literature Related £9 Study Area

Frederiksen and Melville12 have reported on a study of differ-

ential predictability in the use of test scores. They attempted to

identify subgroups of individuals for whom a test is especially

116. C. Helmstadter, ggingiplgg 2f Psychological Measureggnt,

New York: Appleton-Century-Crofts, 1964, pp. 131-133.

12Norman Frederiksen and 8. Donald Melville, "Differential

Predictability in the Use of Test Scores," Educational agd Psycholgg-

iga1_§gg§g;§mgng, Vol. XIV, 1954, p. 647.
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appropriate as a predictor. Their objective is based on the belief

that a specific regression formula is not likely to be uniformly

appropriate for every member of a group. Students were diohotomized

with respect to compulsiveness: 1) on the basis of scores on the

Accountant scale of the Strong Vocational Interest Blank, and 2) on

the basis of reading Speed in relation to ability. It was found that

there was a tendency for the correlation between interest scales and

average freshman grades in engineering to be higher for the "non-

compulsive" students.

Frederiksen and Gilbert13 later carried out a replication of

the above study of differential predictability in which they found

that "noncompulsive" students were more predictable than "compulsive"

students. Two indicators of compulsiveness were again used with fresh-

man engineering students as subjects. It was found that the correla-

tion between Strong Vocational Interest Blank scores and average grades

for freshman engineering students was higher for the "noncompulsive"

group than for the "compulsive" group.

Ghiselli14 has reported an attempt to improve the predictions

made with a tapping and dotting test by differentiation of the individ-

uals taking the test into two groups. A group of candidates for the

job of taxi-cab driver were screened on the basis of high and low

scores on an Occupational Level Inventory. One-third of the subjects

 

13Norman Frederiksen and Arthur C. F. Gilbert, "Replication of

a Study of Differential Predictability," Educational and Psychological

fleagurgggpt, Vol. XX, No. 4, 1960, p. 759.

14Edwin E. Ghiselli, "Differentiation of Individuals in Terms

of Their Predictability," Journal 2; Applied Psychology, Vol. 40, No.

6, 1956, p. 374.
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selected on the basis of lowest scores on the inventory had a consider-

ably higher validity coefficient between the Tapping and Dotting test

and the criterion which was production during the first 12 weeks of

employment.

Grooms and Endler15 used a group of 91 male college students to

study the differential contribution to prediction of academic achieve-

ment from aptitude test scores made by grouping the subjects on the

basis of high, medium, and low anxiety. Test Anxiety Questionnaire

   

  

   

   

   

  

  

   

  

 

   

  

scores were used to separate the students into groups. They concluded

that test anxiety serves as a modifier variable which enhances the

predictability of actual grade averages from aptitude test scores. As

used here a modifier variable is defined as an independent variable

which when dichotomized or trichotomized leads to differential subgroup

relationships between a predictor variable and a criterion variable.

Abelson16 reported research to test whether the college grades

of boys and girls were equally predictable. Three predictors were tested

separately. These were: 1) high school grades, 2) aptitude test scores,

and 3) high school grades and aptitude test scores in combination. The

findings were that girls' college grades were more predictable from

high school grades alone and from the combined high school grades and

aptitude test scores. No significant sex differences were found using

15Robert R. Grooms and Norman S. Endler, "The Effect of Anxiety

on Academic Achievement," lgugpal 9f Educatiogal Psyghology, Vol. 51,

No. 5, 1960, p. 299.

16Robert P. Abelson, "Sex Differences in Predictability of

College Grades," Eduggtiggal gag Psycholggical Measurement, Vol. XII,

1952, p. 638.

5.-
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aptitude test scores along. The greater predictability of girls'

college grades was attributed mainly to the greater homogeneity of

these grades, i.e., the standard deviation of college grades was

Smaller for the girls than it was for the boys.

Theoretical Mgggl

Generally, in economic studies, labor and other inputs are

assumed to be homogeneous. That is, one unit of labor is a perfect

substitute for any other unit of labor. A basic assumption underlying

this study is that labor is not homogeneous. Specifically, individuals

differ in their level of performance under specific conditions. The

individual with the highest level of performance under one set of con-

ditions is not necessarily the one with the highest level of performance

under some alternative set of conditions. And that individual workers,

or worker units, having inherently different abilities may perform at

the same levels if placed in differing working conditions.17

Drawing on the Dunnette Model, the predictors utilized in this

study are the worker unit characteristics of age, sex, ethnic origin,

experience, size, and residence. The individuals in Dunnette's Model

are represented here by the different worker units for which observa-

tions were made during data collection. Situations as viSualized here

are the alternative conditions under which apples were being picked by

the worker units observed. These situations include both those consid-

ered to be under the control of the operator of the orchard and those

17The basis for these statements is the model developed by

Marvin D. Dunnette which was discussed previously on page 8 of this

report.
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.er-ithis immediate control.18 The consequences, or outcome, of any

“:7" 'cular combination of individuals and situations in the Dunnette

. are measured here in terms of the number of bushels of apples

‘ .ififlcied per hour by a specific worker unit observed.

Ordinary least squares regression analysis was used in this

study to empirically test the Dunnette Model. A null hypothesis that

tibia was no difference in the relationship between situation and

fionsequsnce for individuals having differing predictor characteristics

ithEsted against the alternative hypothesis that the above relation-

*éurpss111 differ for worker units having differing predictor charact-
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CHAPTER III

DATA COLLECTION AND METHOD OF ANALYSIS

The primary purpose for collecting the data on apple picking

  

  

  

  
  

  

  

  

  

  

  

  

   

 

   

    

  

rates used in this study was to provide information to serve as a

guide to the Wage Deviation Board of the Department of Labor for the

State of Michigan. This Board was charged with establishing minimum

piece-rates for harvesting various fruit and vegetable crops in Michigan,

including apples, in compliance with legislation adopted in 1965 by the

Michigan State Legislature.1 The Rural Manpower Center of Michigan

State University carried out the fieldwork to collect information for

the Wage Deviation Board to use in its deliberations. The observations

made when this field work was carried out included information which

would allow an analysis of factors related to the picking rates of workers

harvesting apples by hand under the piece-work system. The variables

included were of three general types: 1) characteristics of the workers,

2) factors under the control of the farm operator, and 3) other factors

not directly under the control of the operator or the workers.

The data were gathered by trained enumerators under the super-

vision of members of the staff of the Department of Agricultural

Economics at Michigan State University. In 1965, 3,982 usable worker-day

observations2 were obtained, and 647 like observations were made in 1966.

 

iMichigan Public Act 296.

2Worker-day observations included the number of bushels of apples

picked each day by each worker unit in addition to information on the

gagriables hypothesized to be related to worker productivity for each day.

17



Q

 

 

  

  
  

  

  

  

  

  
   

 

  
  

  

   

¢
2
.
L
‘

'

18

Observations were made on 36 farms in 1965 from September 10 through

November 3. Ten farms were included in the 1966 sample, and observa-

tions were obtained from September 26 through October 21. About 560

worker groups3 were observed in 1965. In 1966, observations were

gathered on 95 such groups. Data were gathered from farms in Allegan,

Ionia, Kent, and van Buren counties in both 1965 and 1966. Several

additional counties were represented in the observations taken in 1965.

The sampling techniques used to select farms on which data were

collected in 1965 and 1966 were not exactly identical. A random sample

of a master list of apple growers in Michigan was used in 1965 to select

the farms used in data collection. In 1966 a different sampling tech-

nique was employed. In that year an area sample prepared by the

Statistical Reporting Service of the U.S.D.A., in addition to a list of

large farmers prepared by county agricultural extension agents, was used

-to obtain a list of apple growers for sampling. The area sample pro-

’duced very few apple growers in the counties where data was collected

in 1966. Therefore, the larger farms were heavily relied upon to provide

data on worker productivity in that year.

The 1966 population of farms is different from that of 1965

at least with respect to the size of farm. However, this study focuses

on worker productivity and there is no reason to expect differences in

.worker performance due to differing farm sizes. Therefore statistical

3A work group (worker unit) consisted of one person working alone

or several persons who worked together and pooled their apples and were

paid as a group.
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tests are calculated to test the differences in worker productivity

' between the two years for statistical significance.

In 1965 the arithmetic mean of the 3,982 observations on the

dependent variable (bushels of apples picked per hour per worker) was

9.61 bushels. The standard deviation of the dependent variable in that

year was 4.38 bushels. The following year the arithmetic mean of the

( dependent variable was 8.97 bushels for 647 observations, and this

variable had a standard deviation of 3.29 bushels. A test of the

difference between the sample means obtained for the dependent vari-

able in the two years observed resulted in the rejection of the hypoth-

esis that there was no difference between them.4

5 was used to check whether or notA test outlined by Johnston

the observations taken in 1966 came from the same relationship as those

taken in 1965. Regression coefficients were estimated separately for

each of the two years using the same regression model. The null hypoth-

esis that Bl = $2 =f3 was then tested against the alternative that

$1 f {32.6 This test of equality between coefficients in two regres-

sion relationships led to the rejection of the null hypothesis. This

suggests that either the workers observed in these two years came from

different populations; or that some independent variable(s) important

in explaining variation in worker productivity differed between years,

but was not observed in the data gathering process. This test result

4The form of this test and the calculations involved are pre-

sented in the Appendix.

53. Johnston, Econgmetric Methods, New York: McGraw-Hill Book

Company, Inc., 1963, pp. 136, 137.

6The B's are vectors of regression coefficients with B and B 2

being the coefficients for 1965 and 1966, respectively. The foim of

this test and the calculations involved are presented in the Appendix. 
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also suggests that the two years 1965 and 1966 should be separated for

purposes of data analysis and discussion of reSults. However, more im-

portance may be attached to variables which show similar relationships

to worker productivity in both 1965 and 1966, given the above test

results, than if the null hypothesis had been accepted since these re-

lationships may be expected to hold under a wider range of conditions.

Description pf Variables Analyzed ifl.§£2él

Observations on 19 independent (predictor) variables were used

in developing models to analyze factors related to worker productivity

in this study. These 19 predictor variables were classified into three

basic types: 1) people variables, 2) variables under farm operator

control, and 3) variables not under farm operator control. The vari-

ables classified in each of the three categories are given below.

Variables Not

People Variables Under Controlled by

Variables Operator Coptrol Operator

Worker Unit Age Type of Picking Tree Age

Worker Unit Sex Degree of Tree Pruning Topography of Orchard

Worker Unit Size Type Market Picked for Weather Conditions

Worker Unit Experience Rate of Pay Tree Spread

worker Unit Ethnic Origin Bonus Paid Fruit Size

Worker Unit Residence Type of Supervision

Type of Picking Equipment

Tree Height

The dependent (criterion) variable used in this study was bushels of

apples picked per hour.7

 

7If a worker unit consisted of more than one person the dependent

:variable was measured in bushels of apples picked per hour per person in

the worker unit, i.e., the arithmetic average was used.
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Eggplg Eagiables.

None of the variables in this group were analyzed as continuous

variables. The six variables observed were taken to be either dichotomous

or trichotomous for purposes of the regression analysis. Picking unit

size, experience, and residence were entered as dichotomous variables,

while picking unit age, sex, and ethnic origin were considered as

trichotomous.

Wprker Upit Age. The age of each individual picker was recorded

 

  
  

  

  

  

  

  

  

  

  
  

  

  
  

  

  

  

in years making it a discrete variable. In case a unit was made up of

more than one person, the average age of all the individuals in the unit

was-used to represent the age of the unit. This variable was later

trichotomized after a preliminary analysis indicated that it was not

linearly related to the dependent variable used in the regression equa-

tions. The three categories used in trichotomizing picking unit age

consisted of: 1) less than 26 years old, 2) 26-50 years old, and 3) over

50 years old.

flppker Unit Sex. Worker unit sex was not a quantifiable variable. 

A qualitative measure of this variable was made by classifying each

worker unit into one of three categories: 1) male, 2) female, or 3)

mixed male and female. The last category was applicable only in case

two or more persons worked together.

  Worker Unit Size. Picking unit size was determined by a count of

the number of persons working together and being paid as a unit. This

variable is by nature discrete, but it was dichotomized in order to

examine differences between units consisting of a single individual and

those containing two or more persons. Most of the units containing more

than one person were family groups consisting of husband and wife.

‘-v‘ ‘
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Since these apple harvest data were collected in the fall after the start

of the school year, they contain very few observations on units contain-

ing children of school age.

florkg; Egg; Experience. The picking unit experience variable was

a measure of the number of years of apple picking experience the unit

had prior to the year in which observations were made. It was also

discrete by nature, but dichotomized in the statistical analysis. The

two categories used in the analysis were designed to separate units

having little or no experience (less than two years) from more experi-

enced units. In case the experience of different individuals within a

given unit was not uniform, an arithmetic average was used to represent

the experience of the group.

Wgrker Egg; Ethgic Origin. The ethnic origin of each worker unit

was determined to be: 1) white, 2) colored, or 3) Mexican or Puerto

Rican. Puerto Rican workers were grouped with workers of Mexican ethnic

origin because too few Puerto Rican workers were observed to permit

analyzing them as a separate group and they were judged to be more similar

to the workers of Mexican ethnic origin than either of the other two

categories.

Honk n,flni£_B§fiigeng§. The place of residence of the picking

unit was not a quantifiable variable. The residence of the unit was

recorded as the state which the individuals in the unit claimed as their

permanent residence. The variable was then dichotomized into those

claiming Michigan as their residence and those claiming other states as

their residence. This was done to separate these seasonal workers into

nflgrant and nonmigrant categories.
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varkablea Under Operator Control
 

Only one variable in this group was entered into the regression

equations as a continuous variable. This was the rate of pay per bushel

of apples which the pickers received. All of the other variables in this

group were analyzed as dichotomous variables with the exception of the

degree of tree pruning. The pruning variable was trichotomized in the

regression analysis.

I Type 9f Pickigg. The type of picking variable was an indi-

 

  
  

  

  

  

   

 

  

  

  

  

  

   

 

  

  

  

cation of whether apples were picked such that the stems remained

on all apples or whether the apples were picked without regard for

stems. Whether apples were picked with or without regard for stems

was not directly observed. The variety of apple being picked was used

as a proxy variable for type of picking. For purposes of this study the

Delicious variety was assumed to be picked with all stems on and all

other varieties were assumed to be picked without regard for stems.

Deggee 2; Tree Pruning. Tree pruning was the only variable in
 

this group which was analyzed as a trichotomous variable. An "A"

pruned tree was one which was well pruned to permit maximum light penetra-

tion and was generally associated with apples being picked for the fresh

or retail market. The trees which were classed in category B with respect

to pruning had been pruned, but not to the extent of those in the A

category. The last pruning category, C, contained trees which had re-

ceived very little or no pruning.

Iypg,g§,narket Picked 22;. This variable indicated whether the

apples being picked would be sold as whole, fresh apples or would be

-pr0cesaed into various types of canned or frozen products. It would

Ibizexpected'that this variable would be correlated with the type of
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picking variable to a certain degree since processing apples can

generally be picked without regard for stems while certain varieties

of apples sold as fresh fruit are always packed with their stems on.

This type-of-market variable is by nature qualitative and it was

dichotomized as indicated above.

Bé£§.2£ Bay. The amount paid to workers for picking apples was

recorded in units of dollars and cents per bushel of apples picked. A

linear relationship between the rate of pay and worker productivity was

assumed in formulating the regression equations used in data analysis.

3233; 231i. In some cases the farm operator will promise workers

an additional payment at the end of the harvest season if they will work

in his orchard until the end of the season. The amount of this bonus

payment which the operator was promising to pay, if any, was recorded

in units of cents per bushel. Although not dichotomous by nature, this

variable was dichotomized in the regression analysis to analyze the

effects of bonus payment on productivity. The variable as used in the

analysis indicated whether or not a bonus was paid.

Egg; 9: Supervision. The type of supervision was a variable used

to give some indication of the employer-employee relationship on a giVEn

farm. This qualitative variable was dichotomized into two broad cate-

gories: 1) close supervision, and 2) little or no supervision.

I32; 9; Pickigg Eguipment. The types of picking equipment used

by workers observed during this study were grouped into two classes for

purposes of analysis. Picking equipment refers to the sacks, buckets,

or other containers used to hold apples which are carried by pickers.

Although this variable is not quantifiable by nature, it is not necessar-

ily dichotomous. It was dichotomized before being used in the regression
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analyses in order to examine differences between metal containers and

canvas or other types of containers.

I:g§_flgight. Tree height is a variable which can be quantified.

Observations on this variable were made by recording the average height

of the trees being picked by a particular worker unit on a given day.

This variable was dichotomized before being analyzed in order to get some

indication of the effect of topping trees on the productivity of pickers.

Trees are generally topped at approximately 18 feet, so this height was

used to separate trees into two categories: 1) tall (over 18 feet), and

2) medium (14-18 feet). A third category had been anticipated, but not

enough observations were made for trees less than 14 feet tall to permit

a short tree category to be included in the regression analyses. Any

observations on worker units picking in trees under 14 feet tall were

deleted from the data for both 1965 and 1966 before regression analysis.

[ariables fig; Controlled py_£hg Operator

The variables in this group contained those which seemed to be

beyond the control of the operator during the year in which data were

gathered. Three of the five variables in this group were measured

quantitatively; however, one of these was later dichotomized before

being analyzed.

Igg§,Agg. This variable was measured quantitatively and assumed

to be linearly related to worker productivity in setting up regression

equations. The age of trees being picked by worker units was recorded

in years.

V Ipppgpgpky pf Orchard. The topography of the orchard being

picked was recorded as being either level to gently rolling or hilly.
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It was, therefore, used as a dichotomous variable in all regression

equations.

Weather Conditiops. This variable was a composite of three

factors aSSumed to affect the performance of workers picking apples.

The three factors used to construct the composite weather variable

were: 1) temperature, 2) wind, and 3) moisture. The final weather

variable was dichotomous and indicated whether the weather was good or

bad for picking apples. The two weather categores were set up a

priori based on the judgment of those developing the questionnaire used

in data collection as to what constituted good and bad weather for

picking apples. In order to be classed as good, weather conditions had

to meet all of the following requirements: 1) temperature within the

range of 55 to 75 degrees, 2) wind calm or gentle, and 3) moisture condi-

tions dry. If any one of these three requirements was not met, weather

conditions were classed as bad.

Eggs Spread. The Spread of a tree refers to the diameter of the

area covered by the branches of a tree. A positive correlation would

be expected between the spread of a tree and its age. Tree spread was

quantitatively measured in feet and assumed to be linearly related to

worker productivity in regression analyses.

Fruit Size. This variable was meaSured quantitatively by making 

a determination of the number of apples in a bushel. There was, there-

fore, an inverse relationship between the magnitude of this variable and

the average size of the apples in a particular container. This variable

was entered into regression equations as a dichotomous variable, however,

in order to investigate productivity differences between workers picking

small and medium sized apples. Apples were classed as small when a bushel
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contained more than 175 apples and medium when a bushel contained 125-

175 apples. A breaking point between medium and small apples of 175

apples per bushel was chosen because 175 is an approximate figure for

8 The use of a thirdthe maximum number of size 2 3/4 apples per bushel.

category had been anticipated, but not enough large apples were picked

to permit the use of a third category defined by fewer than 125 apples

per bushel. Any observations on worker units picking large apples were

deleted from the data for both 1965 and 1966 before regression analysis.

Method pf Analysis

The principal method of statistical analysis used in this study

was ordinary least squares regression analysis. This technique was

used to determine the relationship between the rate at which workers

picked apples and several worker characteristics, certain orchard char-

acteristics, the worker-grower relationship, and certain external factors

such as weather.

Four different steps were carried out in the regression analysis.

These can be classified as follows:

1) Analysis of the total sample of workers in 1965.

2) Analysis of the total sample of workers in 1966.

3) Subgroup analysis based on worker characteristics using 1965

data.

4) Subgroup analysis based on worker characteristics using 1966

data.

 

, ~ 8W} D. Pheteplace, Jr., "Manufacture of Applesauce in the

Digestor or Pressure Cooker," Food ngustries, Vol. 10, 1938, p. 224.
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The general approach was to use the 1965 data to establish tenta-

tive relationships among the variables. These relationships were then

checked by rerunning the regression equation established with 1965 data

using the 1966 data. The relationships found to hold in both years were

taken to be essentially correct.

Eguations Used ip Analysis 

Seven different equations (models) were developed in this study

to analyze factors related to the productivity of apple pickers. These

equations were of two basic types--with and without interaction terms.

Model (1)

Only one model was developed which contained no interaction variables.

It was of the form: Y = a + blxl + bzxz + . . . . + b23X23, where the

variables Y and X1 through X23 were defined as follows:

Y = bushels of apples picked per hour per person

Type pf Picking

X1 = 1 if all apples picked with stems on, = 0 otherwise

(apples picked without regard for stems)9

9This and all the following categories of zero-one "dummy vari-

ables set off in parentheses were set equal to zero (omitted) in solving

for the regression coefficients. For a discussion of this technique as

well as other methods of solving for regression coefficients when

"dummy" variables are used see: William G. Tomek, ”Using Zero-One

Variables with Time Series Data in Regression Equations," Jougpal pf

£333 Ec ics, Vol. 45, No. 4, November 1963, pp. 814-22.
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jgusage of tree in years  
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fiesta—resins

.\

f .szgs 0‘31I1 if well pruned, = 0 otherwise

M“

.
.

.i {C . X; I 1 if some to moderate pruning, - 0 otherwise

(little or no pruning)

mmmmm

X5 -.1 if picked for retail market, - 0 otherwise

(picked for processing)

mmat .9;chard

W; Hfllkl; 36" 1 if level to gently rolling, - 0 otherwise

' (hilly)
. "0

mm

X7 I 1 if weather good, =‘0 otherwise

-, (weather bad)

38 I rate of pay per bushel in dollars

. ,_ Y- ,

3_ fig 1 if no bonus paid, = 0 otherwise

(bonus paid)
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Type 9;,Supegyision

X10 = 1 if close supervision, = 0 otherwise

(little or no supervision)

Type 2; Pickigg Eguipment

X11 = 1 if metal picking equipment, = 0 otherwise

(canvas or other picking equipment)

Worker Unit Ag
 

e

X12 = 1 if worker age less than 26, = 0 otherwise

(worker age 26-50)

X13 = 1 if worker age over 50, = 0 otherwise

Worker Unit Sex

X14 = 1 if workers all female, = 0 otherwise

X15 = 1 if workers mixed male and female, = 0 otherwise

(workers all male)

'Worker Unit Size

X16 = 1 if individual worker, = 0 otherwise

(two or more workers)

Worker Unit Experience
 

X17 = 1 if worker has less than two years experience, = 0

otherwise

(two or more years experience)
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Worker Unit Ethnic Origin

X18 1 if colored worker, = 0 otherwise

X19 1 if Mexican or Puerto Rican worker, = 0 otherwise

(white worker)

Worker gait Residence

X20 = 1 if Michigan resident, = 0 otherwise

(resident of state other than Michigan)

Tree Spread

X21 = tree spread in feet

Tree Height

X22 = 1 if tree height over 18 feet, = 0 otherwise

(tree height 14-18 feet)

Fruit Size

X23 = 1 if over 175 apples per bushel, = 0 otherwise

(125-175 apples per bushel)

Models (2)-(4)

An additional three equations used the variables outlined above

and they were constructed as shown below.

Model (2): Y = a + blxl + b2X2 + . . . . + b23X23 + b24X1X17 + b25X2X17 +

- + b391(16X17 + b4,0X18X17 + - - - - + b45X23X17

Model (3): Y = a + b1X1 + b2X2 + - - . - + b23X23 + b24X1X16+ b25X2X16 +

. + b38X15X16 + b39X17X16 + . . . . + b45X23X16
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Model (4): Y = a + blxl + b2X2 + . . . . + b23X23 + b24xlx20 +

bzsxzxzo + . . . . + b42X19X20 + b43X21X20 + . . . . +

b45X23X20

These three equations were constructed using the dichotomous variables

worker unit experience, worker unit size, and worker unit residence to

form interaction terms as indicated above. The interaction terms were

included in these models in order to investigate differences in the

relationships between the independent (predictor) variables and the

dependent (criterion) variable for the two subclasses of workers defined

for each of the three variables: 1) worker unit experience, 2) worker

unit size, and 3) worker unit residence,

Models (5)-(7)

The final three equations used in this study were developed

using variables defined in the following manner:

Y = bushels of apples picked per hour per person

Type 2f Picking

X1 = 1 if all apples picked with stems on, = 0 otherwise

(apples picked without regard for stems)10

Tree Age

X2 = age of tree in years

 

10As indicated previously, this and all the following "dummy"

variable categories set off in parentheses were omitted in solving

for regression coefficients.
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Degree g§_Tree Pruning

X3 1 if well pruned, = 0 otherwise

0 otherwiseX4 = 1 if some to moderate pruning,

(little or no pruning)

Type Market Picked For

X5 = 1 if picked for retail market, = 0 otherwise

 

(picked for processing)

Topography 2g Orchard

X6 = 1 if level to gently rolling, = 0 otherwise

(hilly)

Weather Conditions

X7 = 1 if weather good, = 0 otherwise

(weather bad)

Rate of Pay
 

X8 = rate of pay per bushel in dollars

Bongs Payment

X9 = 1 if no bonus paid, = 0 otherwise

(bonus paid)

X10 = 1 if close supervision, = 0 otherwise

(little or no supervision)
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Type pf Picking Eguipmept

X11 = 1 if metal picking equipment, = 0 otherwise

(canvas or other picking equipment)

gorge; flpig_Age

X12 = 1 if worker age less than 26, = 0 otherwise

X13 = 1 if worker age 26-50, = 0 otherwise

X14 = 1 if worker age over 50, 0 otherwise

Worker Unit Se
 

x

X15 = 1 if workers all male, = 0 otherwise

X16 = 1 if workers all female, 0 otherwise

X17 = 1 if workers mixed male and female, = 0 otherwise

Worker Unit Ethnic Origin

1 if white worker, = 0 otherwiseN
H 0
0

ll

X19 = 1 if colored worker, = 0 otherwise

- 1 if Mexican of Puerto Rican worker, = 0 otherwise3
*
:

N O

I

Worker Unit Size

X21 = 1 if individual worker, = 0 otherwise

(two or more workers)

Worker Unit Experience

X = 1 if worker has less than two years experience, = 0
22

otherwise

(two or more years experience)
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Worker Unit Residence

X23 = 1 if Michigan resident, = 0 otherwise

(resident of state other than Michigan)

Tree Spread
 

X24 = tree spread in feet

Tree Height

X25 = 1 if tree height over 18 feet, = 0 otherwise

 

(tree height 14-18 feet)

Erpit Size

X26 = 1 if over 175 apples per bushel, = 0 otherwise

(125-175 apples per bushel)

The variables defined for models (5)-(7) above are exactly the

same as those previously defined for models (1)-(4) with the exception

of three variables: 1) worker unit age, 2) worker unit sex, and 3) work-

er unit ethnic origin. Several additional independent variables were

renumbered in models (5)-(7), but their definitions remained the same

as when used in models (1)-(4). In contrast to the way they were defined

for models (1)-(4) all three categories of the trichotomized variables

worker unit age, worker unit sex, and worker unit ethnic origin were

retained in constructing models (5)-(7), i.e., none of the three cate-

gories of these "dummy" variables were omitted in setting up models

(5)-(7). Defining the above three variables in this manner facilitated

testing for differences between regression coefficients for the three

subgroups defined for each of them.
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Models (5)-(7) were developed using the trichotomized variables

worker unit age, worker unit sex, and worker unit ethnic origin in

interaction terms as follows.

Model (5):

Model (6):

Model (7):

Y = a + b1X1X12 + b2X1X13 + b3X1X14 + b4X2X12 + b5X2X13 +

Y

Y

b6X2X14 + .

b34X16X12 +

b38X17X13 +

b42X19X14 + -

a + b1X1X15

b6X2X17 + .

b37X14X15 +

b41X19X16 +

b63X26X17

a + b1X1X18

b6X2X20 + .

b37X14X18 +

b41X16X19 +

b45X17X2o +

° + b31X11X12 + b32X11X13 + b33X11X14 +

b35X16Xl3 + b36X16X14 + b37X17X12 +

b39X17X14 + b40X19X12 + b41X19X13 +

- + b61X26X12 + b62X26X13 + b63x26X14

+ b2X1X16 + b3X1X17 + b4X2X15 + b5X2X16 +

. + b34X12X15 + b35X12X16 + b36X12X17 +

b38X14X16 + b39X14X17 + b40X19X15 +

b42X19X17 + - - - - + b61X26X15 + b62X26X16 +

+ blex19 + b3X1X20 + b4X2X18 + b5X2X19 +

- + b34X12X18 + b35x12X19 + b36X12X20 +

b38X14X19 + b39X14X20 + b40X16Xl8 +

b42X16X20 + b43X17X18 + b44X17X19 +

b46X21X18 + b47X21X19 + baslexzo +

- + b61X26x18 + b62X26X19 + b63X26X20

A test for difference in the interaction term regression coef-

ficients associated with the three age subgroups of each independent

variable of model (5) was made in conjunction with the computer solution

for the coefficients of model (5). For example, in the case of the inde-

pendent variable tree age (X2) in model (5) the null hypothesis that 134

= fl 5 = p 6 was tested against the alternative that these coefficients

for the three age subgroups were not equal. This test was made for each
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other independent variables in model (5). A similar testing procedure

was carried out for models (6) and (7) using the sex and ethnic origin

subgroups, respectively. This testing procedure was carried out in an

attempt to identify differences which might exist in the relationship

between the independent variables included in models (5)-(7) and the

dependent variable for different subgroups of workers based on age,

sex, and ethnic origin.



CHAPTER IV

RELATIONSHIP OF PEOPLE VARIABLES TO WORKER PRODUCTIVITY

The results of the regression analyses of models (1)-(7) for

those variables classed as "people variables" are presented in this

chapter. The variables of worker unit age, sex, size, experience,

ethnic origin and residence will be considered in that order. The

empirical results of models (1)-(7) for both the years 1965 and 1966

will be discussed for each of these six variables.‘ The nine tables

included in this chapter give the regression coefficients and standard

errors obtained in models (1)-(7) for the variables under discussion.

A complete listing of the regression coefficients and standard errors

for all variables included in these models is given in Chapter VII.

Workerlypip,égg

Pickers in the 26-50 age range were more productive in both 1965

and 1966 on the average than were either younger or older workers.

1 higher thanThese middle-aged workers had picking rates significantly

either of the other two age groups in both years. Workers who were 51

years of age or older had the lowest productivity level of the three age

subgroups in both years while the younger workers held the median posi-

tion with reapect to productivity in both years.

 

lWhen reference is made to significant or to significant differ-

ence; a statistical significance or a statistically significant differ-

ence at the 0.05 level should be understood in all cases unless specified

otherwise.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Age Less Than 26

 

Model Year Variables

X12

(1) 1965 Coefficient -0.424

Standard Error 0.162

1966 Coefficient -l.290

Standard Error 0.296

X12 x12x17

(2) 1965 Coefficient -0.967 1.099

Standard Error 0.242 0.327

1966 Coefficient -1.590 1.105

Standard Error 0.427 0.625

x12 x121‘16

(3) 1965 Coefficient -0.028 -0.580

Standard Error 0.277 0.342

1966 Coefficient -l.l73 -0.266

Standard Error 0.521 0.635

Xlg x12X20

(4) 1965 Coefficient -0.376 -1.307

Standard Error 0.169 0.592

1966 Coefficient -1.201 0.066

Standard Error * 0.309 * 1.267 *

X12x12 x12X13 x1,2"14

(5) 1965 Coefficient omit omit omit

Standard Error

1966 Coefficient omit omit omit

Standard Error

X12X15, x12X16 x12x17

(6) 1965 Coefficient -0.491 -0.639 -0.256

Standard Error 0.204 0.524 0.313

1966 Coefficient -1.435 -1.314 -1.240

Standard Error 0.389 1.211 0.524

xileg X12x12 xlzng

(7) 1965 Coefficient -0.952 -0.324 -0.382

Standard Error 0.249 0.333 0.285

1966 Coefficient -l.389 -0.594 -O.822

Standard Error 0.393 0.523 1.394

 

 

 

 

 

*Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.
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Having one or fewer years of experience picking apples reduced

the productivity of younger pickers less than that of middle-aged

workers in both 1965 and 1966. The interaction term for worker unit

experience and worker unit age for the younger pickers approached being

significant at the .05 level in both years.2 The interaction effects

of worker unit experience and worker unit age were not consistent for

the workers more than 50 years old in these two years. In 1965 the

productivity of these older workers was reduced less than that of middle-

aged pickers by having limited apple picking experience, but in 1966

the picking rates of the older workers were reduced more than those of

the middle-aged workers in this situation. This worker unit age-worker

unit experience interaction term for the pickers over 50 years old was

significant in only 1965. In 1965, when only workers with no more than

one year of experience were considered, the pickers in the youngest age

group had higher picking rates than either of the other two age groups;

with workers over 50 years old having the lowest rates. But in 1966 the

younger pickers out-performed only the workers over 50 years old when

only inexperienced units were considered. When worker units with more

than one year of experience were considered, the relative picking rates3

of the three age groups were more consistent in these two years than

were those of the inexperienced picking units. Among experienced units,

 

2In 1965 it was significant at the 0.001 level and in 1966 it

was significant at the 0.074 level.

3Relative picking rates, or relative productivity, is determined

by the relative magnitudes of the regression coefficients for the vari-

ables in question, i.e., 1.276 is greater than -0.234 is greater than

-1.725.



41

 

 

 

 

 

 

 

 

 

Table 3. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Age Over 50

Model Year Variables

X1;

(1) 1965 Coefficient -2.007

Standard Error 0.218

1966 Coefficient ~1.621

Standard Error 0.302

X1; X13X17

(2) 1965 Coefficient -2.501 2.097

Standard Error 0.244 0.560

1966 Coefficient -1.444 -0.106

Standard Error 0.387 0.794

x13 xl§X16

(3) 1965 Coefficient -2.l32 0.063

Standard Error 0.399 0.477

1966 Coefficient -l.012 -0.925

Standard Error 0.564 0.676

x13 X13X20

(4) 1965 Coefficient -1.826 -0.490

Standard Error 0.285 0.453

1966 Coefficient -1.258 -l.450

Standard Error 0.336 1.221

* *

x14x12 x14X13 x14X14

(5) 1965 Coefficient omit omit omit

Standard Error

1966 Coefficient omit omit omit

Standard Error

x14x15 xl4xl6 Xigxlz

(6) 1965 Coefficient -2.175 -0.959 -2.296

Standard Error 0.272 0.782 0.423

1966 Coefficient -2.086 -0.701 -0.931

Standard Error 0.391 1.398 0.562

x14X18 x14x19 xigxzo

(7) 1965 Coefficient -2.422 -1.559 -2.917

Standard Error 0.281 0.425 0.719

1966 Coefficient -1.499 -1.109 -l.100

Standard Error 0.365 0.678 2.290

I 

model, the variable was excluded in formulating the model.

  

1kWhere "omit" is indicated for a variable in both years for a
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the middle-aged pickers had the highest productivity levels in both

1965 and 1966. The younger units ranked next in productivity in both

of these years among experienced pickers; while workers over 50 had

the slowest picking rates in both years. Within Specific age subgroups,

picking units having more than one year of experience had the fastest

picking rates in both 1965 and 1966 only in the case of middle-aged

workers. In the cases of picking units less than 26 years old and

over 50 years old, experienced pickers did not out-perform less ex-

perienced ones in both years. Within both of these age groups, pickers

with less than two years of experience had the highest productivity in

1965, while in 1966 the more experienced units had the highest picking

rates.

The productivity of workers less than 26 years old was lower on

the average than that of middle-aged pickers in both 1965 and 1966.

And the productivity of younger workers who picked alone was reduced

even more in both of these years than that of units of the same age

who worked in groups of two or more. This interaction term was not

significant in either year, however. Pickers more than 50 years old

had lower picking rates than middle-aged pickers in both 1965 and 1966

on the average, as did young pickers. But the interaction of picking

unit size and picking unit age for the older workers was not consistent

between years. In 1965, the productivity of older workers picking

alone was reduced less than that of those working in groups of two or

more. But in 1966 the picking rate of the older workers picking alone

was reduced more than that of those working with other pickers. This

interaction term for the older workers was not significant in either
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year. When the productivities of the young and old pickers working

alone are compared, the young workers had faster picking rates in

both years.

Among working units which were residents of Michigan, those

26-50 years of age had the highest productivity in both 1965 and 1966.

These middle-aged workers were followed in both years by pickers less

than 26 years old in order of their picking rates, while older Michigan

residents had the slowest picking rates. When the relative picking

rates of units in different age groups who were not Michigan residents

were compared, the middle-aged worker units again had the fastest

picking rates in both years. Workers falling in the two other age

groups who were not residents of Michigan occupied the same relative

positions with respect to productivity as did workers in these age

groups who were Michigan residents. Regardless of which age subgroup

was being considered, nonresidents had higher productivity levels in

both 1965 and 1966 than did Michigan residents when the performance of

residents and nonresidents within any particular age group was examined.

The picking rates of workers less than 26 years old were lower

in both 1965 and 1966 than those of the average worker 26-50 years old

regardless of which sex group the younger workers were in. Male

pickers in the younger age category were the only ones having signifi-

cantly lower picking rates than the average picker 26-50 years old in

both years, however. Within the younger age group, the mixed male

and female units had the fastest picking rates of the three sex

subgroups in both 1965 and 1966. The productivity levels of the male,

female, and mixed male and female units which were less than 26 years
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old were not significantly different from each other in either year.

Nor did workers in these three sex subgroups who were over 50 years

old differ significantly with respect to productivity in either year.

Within this older age group female worker units had the fastest picking

rates in both 1965 and 1966. The productivity of these older female

units did not differ significantly from that of the average unit 26-50

years of age in either year. All three types of sex subgroups in which

the pickers were over 50 years old did have lower picking rates than

the average 26-50 year-old picker in both years, however. But the

male units in this age group, as was the case in the youngest age group,

were the only ones having significantly lower productivity than the

average middle-aged picker in both years.

Even though the picking rates of workers in different ethnic

subgroups were not significantly different from each other in either

year for workers who were less than 26 years old, a pattern did hold

in both 1965 and 1966 with respect to the relative productivity of

these ethnic subgroups. Within the younger age group colored worker

units had the highest picking rates in both years. White worker units

had the lowest productivity in both years among young workers; while

the Mexican and Puerto Rican units occupied a median position with

respect to productivity in both years. All of the young ethnic sub-

,groups had picking rates in both of these years which were less than

the average rate of all units made up of workers 26-50 years of age.

Only the white workers among the younger group, however, had pro-

ductivity levels significantly lower than the average middle-aged

worker in either year; rthey had significantly lower picking rates in
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both 1965 and 1966. The pattern observed in the relative productivity

of the three ethnic subgroups of young workers did not hold for worker

units over 50 years old. For these older units colored pickers had

faster picking rates than white units in both 1965 and 1966. But the

Mexican and Puerto Rican pickers in this older age group did not hold

a median position with respect to productivity in either year as was

true for the workers under 26 years old. These Mexican and Puerto

Rican worker units had the lowest picking rates of the three ethnic

subgroups in 1965, but in 1966 they had the highest rates. The ethnic

subgroups in the older age group did not differ significantly from

each other in either year with respect to productivity. All of the

ethnic subgroups in this age group had significantly lower picking

rates in 1965 than the average worker unit 26-50 years old. However,

only the older white pickers differed significantly from the average

middle-aged picker in both 1965 and 1966 even though all older ethnic

subgroups had lower productivity levels than the average middle-aged

picker in both years.

Worker 11M gig

Male picking units on the average over all situations had

faster picking rates than either female or mixed male and female units

in both 1965 and 1966. The productivity of only the female picking

units was significantly less than that of the male units in both years,

however. The mixed male and female units had picking rates signifi-

cantly lower than those of males in 1965, but not in 1966.

Model (2) indicated that male picking units were more productive

than female units in both 1965 and 1966 as long as only units with more
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than one year of apple picking experience were considered. However,

when only pickers with less than two years of experience were con-

sidered, male and female units did not have the same relative pro-

ductivity in both years. In 1965, inexperienced males outperformed

females with the same amount of experience, but in 1966, this relation-

ship was reversed. The interaction term in this model between worker

unit sex and worker unit experience picking apples was not significant

in either year for the female units. An interaction term for mixed

Inale and female units was not calculated due to insufficient data.

'When the productivities of picking units in different classes with

reSpect to apple picking experience were compared, experienced pickers

were found to rank higher than inexperienced ones of the same sex

regardless of whether they were male or female.

Model (1) indicated that for the average female worker unit

productivity was lower than for the average male worker unit in both

1965 and 1966. However, in model (3) the productivity of male units

was higher than that of females only in 1965. The interaction of

worker unit size with the female sex variable indicated that working

alone, as opposed to working in a group, reduced the productivity of

female units even more in 1965. In 1966 when model (3) showed females

to have faster picking rates than males, this interaction term showed

the productivity of female pickers working alone to be increased less

than that of females working in groups. The regression coefficient

for this interaction term was significant in 1966, but not in 1965.

The cases in which a picking unit contains one person and is in the

mixed male and female subgroup are mutually exclusive so no coefficient
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could be computed for an interaction term consisting of these two

variables.

Male worker units out-performed female units on the average

under all conditions in both 1965 and 1966. This relationship held

true also when only non-residents of Michigan were considered, but

not when Michigan residents were examined separately. For Michigan

residents, female picking units had higher productivity levels than

male units in 1966. The interaction term for female units between

'worker unit sex and worker unit residence approached being significant

in both 1965 and 1966.4 Male picking units also had higher productivity

levels than mixed male and female units in both 1965 and 1966 as an

average for all conditions. However, when residents and non-residents

of Michigan were considered separately, the above relationship between

the productivity of male units and mbced male and female units did not

hold in both years. Both resident and nonresident male units had

higher picking rates than mixed male and female units having similar

residences in 1965. But in 1966 Model (4) suggests that the mixed

male and female picking units had higher productivity levels than

male units in the same residence category regardless of whether it was

resident or nonresident.5 In 1965 the relative productivity of the

three sex subgroups was the same regardless of whether pickers were

 

4This term was significant at the 0.055 level in 1965 and at

the 0.012 level in 1966.

5This apparent inconsistency may be explained by the fact that

little confidence can be placed in the estimate of the regression co-

efficient for the interaction term: mixed male and female unit-‘Michi-

gan resident. This coefficient had a standard error over ten times

larger than the coefficient itself in model (4) for 1966.
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(7), 1965 and 1966, Worker Unit Sex Female

 

Regression Coefficients and Standard Errors for'Models (1)-

 

Model Year Variables

214

(l) 1965 Coefficient -1.651

Standard Error 0.253

1966 Coefficient -l.276

Standard Error 0.572

x14 x14x12

(2) 1965 Coefficient -1.703 -0.022

Standard Error 0.324 0.520

1966 Coefficient -1.156 1.320

Standard Error 0.638 2.049

X14 x14x16

(3) 1965 Coefficient -1.097 -0.543

Standard Error 0.650 0.709

1966 Coefficient 5.766 -6.949

Standard Error 2.362 2.436

xi4 x18%

(4) 1965 Coefficient -2.145 1.037

Standard Error 0.331 0.548

1966 Coefficient -2.145 1.037

Standard Error 0.331 0.548

xl6x12 X16X13 X16X14

(5) 1965 Coefficient -l.818 -2.094 0.522

Standard Error 0.533 0.326 0.812

1966 Coefficient -9.348 -1.666 -0.457

Standard Error 8.641 0.869 1.543

* * *

x16X1§ Xlgxle Xigxlz

(6) 1965 Coefficient omit omit omit

Standard Error

1966 Coefficient omit omit omit

Standard Error a

X16Xl§ X16x19 x16X20

(7) 1965 Coefficient -1.084 -1.837 omit

Standard Error

1966 Coefficient -1.663 0.052 no data

Standard Error

 

 

 

w
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Table 4 (cont'd.)

*Where "omit" is indicated for a variable in both years for

a model, the variable was excluded in formulating the model.

8"No data" signifies that no observations were made for the

variable in the year indicated. The variable was dropped from the

model for both years.

residents of Michigan or not. Their picking rates in order from high

to low ranked: male, mixed male and female, and female. In 1966 the

relative productivity of the three sex subgroups was not the same for

residents and nonresidents of Michigan. Nor did the pattern of the

three sex subgroups with respect to their relative productivity

follow that of 1965 for either residence class. In this year, the

mixed male and female units had the fastest picking rates among non-

resident workers. They were followed by male units and female units

in order of their productivity. When Michigan residents were con-

sidered separately in 1966, female worker units ranked highest in

productivity followed by mixed male and female units and male units in

that order. When nonresident and resident workers were compared within

a given sex subgroup, nonresidents of Michigan were found to have higher

productivity levels in both 1965 and 1966 than Michigan residents

regardless of whether the units were in the male, female, or the mixed

male and female category.

The productivity of female pickers over 50 years old was higher

in both 1965 and 1966 than that of females in either of the other two

age groups. The average picking rate of these older female workers was

not significantly different from that of the average male picker in

either 1965 or 1966. The picking rates of female worker units in the



Table 5.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Sex Mixed Male and Female

   

 

 

an“- ________i.I _M-IW“ I,“ ___ l A -i __,i _.m ._.

Model Year Variables

X15

(1) 1965 Coefficient -1.281

Standard Error 0.317

1966 Coefficient -1.402

Standard Error 1.147 b

x15 x15x17

(2) 1965 Coefficient -1.292 omit

Standard Error 0.328

1966 Coefficient -1.381 singular

Standard Error

*

_Z‘_l_s_ x15x16
(3) 1965 Coefficient -O.827 omit

Standard Error 0.369

1966 Coefficient -0.452 omit

Standard Error 1.518

x12 x1;"20

(4) 1965 Coefficient -1.348 0.438

Standard Error 0.351 0.876

1966 Coefficient 1.203 -0.222

Standard Error 1.875 2.931

x17x12 x11X1; X12X14

(5) 1965 Coefficient -2.279 -l.218 -l.964

Standard Error 0.567 0.392 0.473

1966 Coefficient 5.079 -2.024 -0.575

Standard Error 2.835 1.561 0.707

* * *

x17x12 Xlle6 xllez

(6) 1965 Coefficient omit omit omit

Standard Error

1966 Coefficient omit omit omit

Standard Error

X17X1§ x17x12b x X

(7) 1965 Coefficient -1.74o omit 0.461

Standard Error 0.547 0.596

1966 Coefficient -2.131 singular -0.034

Standard Error 1.470 2.919
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Table 5. (cont'd.)

*Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

cated. The variable was dropped from the model for both years.

three age classes observed were significantly different from each

other in 1965, but not in 1966. No one age group ranked highest or

lowest in productivity for both 1965 and 1966 among mixed male and

female picking units. The average productivity levels for the three

age classes within this sex subgroup were not significantly different

from each other in either year. Both the 26-50 year old age group and

the over 50 age group among mixed male and female picking units had

picking rates lower than the average male picking unit in both years.

But the sign of the regression coefficient for young mixed male and

female units was not the same in both 1965 and 1966.6

Female worker units of white and colored ethnic origin did not

have the same relative productivity levels in both 1965 and 1966.7

Nor were their picking rates significantly different from each other

in either of these years. The productivity of the white female units

was significantly lower than that of the average male picking unit in

both years, while the productivity of the colored units in this sub-

group differed significantly from that of the average male unit in

 

6Even though the signs of this coefficient were different in

these two years, the coefficient approached significance at the 0.05

level in both years. In 1965, it was significant at less than the

0.0005 level and in 1966 at the 0.070 level.

7The available data for 1966 did not contain any observations

on Mexican and Puerto Rican units in this sex subgroup.
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only 1965. When only picking units falling in the mixed male and

female sex subgroup were considered, Mexican and Puerto Rican workers

had faster rates of picking than white pickers in both 1965 and 1966.8

The Mexican and Puerto Rican units had significantly higher producti-

vity than white units in 1965, but not in 1966. The picking rates of

the Mexican and Puerto Rican workers in the mixed sex subgroup were

not significantly different from those of all male pickers in either

1965 or 1966.

Nahum

Picking units made up of one person working alone had signifi-

cantly higher productivity levels on the average than those containing

two or more workers in 1965. Picking units containing one person also

had faster average picking rates than groups in 1966, but the difference

was not significant in that year.

The interaction effects of worker unit size with worker unit

experience indicated that although pickers working alone had faster

picking rates on the average than groups, the productivity of individual

pickers differed depending upon the experience he had picking apples.

In both 1965 and 1966 the productivity of a one-man unit with less

than two years of experience was increased less than that of a one-man

unit having two or more years of experience. This interaction term

was not significant in either year, however. Individuals had

higher productivity than groups in both 1965 and 1966 when only

"experienced" units were compared. But when units having less than two

 

8Sufficient data was not available to permit the calculation

of a coefficient for colored units in this sex subgroup.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Size Individual Worker

 

 

 

Model Year Variables

X16

(1) 1965 Coefficient 1.292

Standard Error 0.296

1966 Coefficient 0.184

Standard Error 1.117

X16 x16X17

(2) 1965 Coefficient 1.469 -0.480

Standard Error 0.347 0.292

1966 Coefficient 0.243 -0.552

Standard Error 1.136 0.752

x b x x *
_l§__ _1§_1§_

(3) 1965 Coefficient omit omit

Standard Error

1966 Coefficient singular omit

Standard Error

x16 X1(3‘20

(4) 1965 Coefficient 1.495 -1.286

Standard Error 0.330 0.775

1966 Coefficient 2.419 1.972

Standard Error 1.840 2.904

b

x21x12 x21x13 x21x14

(5) 1965 Coefficient 0.339 1.499 omit

Standard Error 0.519 0.367

1966 COefficient 4.308 -0.245 singular

Standard Error *

X21X1§ x21X16 XlelZ

(6) 1965 Coefficient 1.262 1.194 omit

Standard Error 0.344 0.610

1966 Coefficient 4.802 5.600 omit

Standard Error 1.485 3.425

x21x1§ x213‘19 x21x20

(7) 1965 Coefficient 0.789 1.690 3.442

Standard Error 0.520 0.297 0.589

1966 Coefficient -0.481 0.360 3.551

Standard Error 1.442 0.748 2.460
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Table 6. (cont'd.)

*Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

cated, The variable was dropped from the model for both years.

years apple picking experience were examined separately the relative

picking rates of the two sizes of picking units were not the same in

these two years. For inexperienced pickers, those working alone had

higher productivity than those working in groupsin 1965, but in 1966

this relationship was reversed. Regardless of the size of the worker

unit, experienced pickers harvested more bushels of apples per hour

in both years than inexperienced pickers working in a comparable sized

unit. That is, when the productivity of only pickers working alone

was examined, units with more than one year of experience had faster

picking rates than those with one or fewer years of experience. The

same was true for units containing two or more persons.

Model (4) indicated that pickers working in groups of two or

more persons had lower picking rates than pickers working alone in

both 1965 and 1966 when both sizes of units were in the same residency

category regardless of whether resident or nonresident of Michigan.

And nonresidents were found to out-perform Michigan residents in both

years within a given picking unit size class for both size classes

contained in this analysis. The interaction terms for worker unit

size and worker unit residence had different regression coefficient

signs in the two years included in this study, but neither of the

coefficients was significant.
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Pickers working alone who were less than 26 years old approached

having significantly lower productivity levels than pickers 26-50

years old working alone in 1965.9 In 1966, the productivity levels of

pickers working alone in these two age groups were not significantly

different from each other. In addition, the relative performance of

these two groups in 1966 was reversed from what it was in 1965. Neither

the young nor the middle-aged pickers working alone had picking rates

in both years which were significantly different from those of the

average unit made up of two or more persons. The data available did not

permit the calculation of a coefficient for workers over 50 years old

who worked alone.

Both male pickers and female pickers who worked alone had

higher productivity levels in both 1965 and 1966 than the average

picking unit containing more than one worker.10 The male pickers

working alone were the only ones having significantly higher picking

rates in both years, however. The productivity rates of the male

workers were not significantly different from those of females in

either year when both types of units were made up ofpickers working

alone. Nor did one of these sex subclasses have a faster picking rate

in both years when only pickers working alone were considered.

A consistent pattern was found in the performance of different

ethnic subgroups when pickers working alone were separated from those

 

9The level of significance was 0.058.

10No coefficient could be calculated for a mixed male and female

unit containing only one person since these two categories are mutually

exclusive.
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working in groups. Mexican and Puerto Rican pickers who worked alone

had faster picking rates in both 1965 and 1966 than either colored or

white pickers who also worked alone. White units had the lowest rates

of the three ethnic subgroups in both of these years when only indivi-

dual pickers were considered; while the colored units occupied a median

position with reapect to productivity in both years. The productiv-

ities of pickers working alone in the three ethnic subgroups were signi-

ficantly different from each other in 1965, but not in 1966.

Worker Unit Experience
 

Picking units having less than two years of apple picking

experience had lower productivity levels on the average in both 1965

and 1966 than those units having two or more years of experience.

In 1965, the productivity of inexperienced workers was significantly

lower than that of more experienced workers and in 1966 it approached

being significantly lower.11

Less than two years of apple picking experience tended to lower

productivity on the average for all types of picking units in both

1965 and 1966. And when an inexperienced picker worked alone, his

productivity was reduced even more than that of two or more inexperi-

enced pickers working together in 1965. The interaction effect of

picking unit size and picking unit experience was not the same in 1966,

however, as it was in 1965. In 1966, the productivity of inexperienced

pickers working alone was not reduced as much as the productivity of

 

11In 1966 the picking rates for inexperienced and experienced

workers were significantly different at the 0.065 level.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Experience Less Than Two

Years

 

Model Year Variables

X17

(1) 1965 Coefficient -2.093

Standard Error 0.148

1966 Coefficient -0.517

Standard Error 0.284

*

X17 x17X17

(2) 1965 Coefficient -1.049 omit

Standard Error 1.402

1966 Coefficient -4.706 omit

Standard Error 6.850

x17 xl7x16

(3) 1965 Coefficient -1.882 -0.334

Standard Error 0.248 0.305

1966 Coefficient -0.843 0.687

Standard Error 0.492 0.618

X17 X17X20

(4) 1965 Coefficient -2.309 1.483

Standard Error 0.163 0.435

1966 Coefficient -0.580 1.238

Standard Error 0.307 0.912

xzlez x22x1; x22x14

(5) 1965 Coefficient -l.772 -2.478 0.415

Standard Error 0.300 0.179 0.604

1966 Coefficient -0.058 -0.632 -0.113

Standard Error 0.589 0.517 0.818

xzles x22X16 x22x12

(6) 1965 Coefficient -2.202 omit -2.054

Standard Error 0.185 0.271

1966 Coefficient -0.289 singular -0.908

Standard Error 0.410 0.494

b

x22X18 X22x19 x22x20

(7) 1965 Coefficient -2.420 -l.649 omit

Standard Error 0.241 0.254

1966 Coefficient ~0.754 0.799 singular

Standard Error 0.359 0.569
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Table 7. (cont'd.)

*

Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

cated. The variable was dropped from the model for both years.

two or more inexperienced pickers working together. However, the re-

gression coefficient for this interaction term was not significant in

either year. Regardless of whether inexperienced workers picked alone

or in groups, they had lower picking rates in both years than

experienced workers picking in the same size picking unit.

Either having a lack of experience or being a Michigan resident

tended to reduce productivity in both 1965 and 1966. But the inter-

action of worker unit experience and worker unit residence showed that

not all workers were affected to the same degree by these factors. The

productivity of inexperienced workers who were Michigan residents was

reduced less in both years than that of inexperienced workers who were

not residents of Michigan. This interaction term was significant in

1965, but not in 1966. When only picking units which were not resi-

dents of Michigan were considered, those with two or more years of

eXperience had the highest productivity levels in both years. One

experience category was not associated with the highest level of produc-

tivity in both years for workers who were Michigan residents, however.

Among units which came from Michigan, those with two or more years of

apple picking experience had the fastest picking rates in 1965, but in

1966 it was those with less than two years of experience which had

the fastest rates. Within a given experience category, nonresidents

of Michigan out-produced Michigan residents in both years regardless
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of whether workers had two or more years of experience or whether they

had less than two years of experience.

The picking rates of units having less than two years of experi-

ence picking apples were significantly different from each other in

1965 when the units were grouped on the basis of age. The three age

categories used to group these worker units were: (1) less than 26

years old, (2) 26-50 years old, and (3) more than 50 years old. The

picking rates of inexperienced workers in these three age categories

were not significantly different from each other in 1966, however.

When the performance of inexperienced pickers was examined, those in

the middle-aged class displayed the lowest picking rates of the three

age groups in both 1965 and 1966. No pattern could be established

for the younger age group or the older age group in these two years

with respect to their picking rates except they both had higher rates

than the middle-aged workers in both years. None of the three age

groups of inexperienced workers had a productivity level significantly

different from that of the overall average of units having two or more

years of experience in both 1965 and 1966.

Worker units with less than two years of experience in both the

male and the mixed male and female sex subgroups had slower picking

rates than the average unit with two or more years of experience in

both 1965 and 1966. These two sex subgroups of inexperienced workers

did not differ significantly from each other in either year with

respect to picking rates. Nor did one of these subgroups perform better

than the other in both years. No regression coefficient could be

calculated for inexperienced female worker units because of insufficient

data.
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The performance of only white and colored picking units could

be examined when workers with less than two years of experience were

separated from those having more experience.12 The regression analysis

indicated that inexperienced white worker units had significantly

slower picking rates in both 1965 and 1966 than those of inexperienced

colored worker units. The white units with less than two years of

experience had significantly lower productivity levels in both years

than the average unit with two or more years of experience, but the

inexperienced colored units did not.

Werker Egg; Ethnic Origin

The ethnic origin of a particular picking unit was not a

consistent predictor of worker productivity in the two years 1965

and 1966. In 1965 colored picking units had significantly lower

productivity on the average than white units; while the average Mexican

and Puerto Rican picking unit picked more bushels of apples per hour

than the average white unit picked. But in 1966, it was the colored

workers who had the fastest average picking rates of the three ethnic

subgroups observed and the Mexican and Puerto Rican workers observed

in this year had lower average picking rates than did white units.

Neither the colored nor the Mexican and Puerto Rican workers had pro-

ductivity levels significantly different from the productivity of white

picking units in 1966.

When workers were separated into two subgroups on the basis of

their apple picking experience in model (2), the relationship between

 

12The available data did not permit calculation of a

coefficient for inexperienced Mexican and Puerto Rican units.
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Table 8. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Ethnic Origin Colored Worker

M

Model Year Variables

X

18

(l) 1965 Coefficient -1.181

Standard Error 0.182

1966 Coefficient 1.174

Standard Error 1.223

x18 x1§X17

(2) 1965 Coefficient -1.619 1.206

Standard Error 0.224 0.394

1966 Coefficient 0.404 1.301

Standard Error 1.340 3.637

X1§ X18X16

(3) 1965 Coefficient -0.884 -0.224

Standard Error 0.339 0.385

1966 Coefficient -0.665 1.429

Standard Error 3.572 3.836

b

x13 x123x20

(4) 1965 Coefficient -1.088 omit

Standard Error

1966 Coefficient 3.614 singular

Standard Error 1.366

x12X12 Xlgxlg X19xia

(5) 1965 Coefficient -0.689 -1.347 -1.323

Standard Error 0.439 0.218 0.560

1966 Coefficient -15.217 0.916 -4.940

Standard Error 22.043 1.541 3.293

b

x19X15 £19319 x19x17

(6) 1965 Coefficient -l.249 omit -0.551

Standard Error 0.227 0.391

1966 Coefficient -0.703 singular 0.796

Standard Error 1.638 3.701

* * *

X19X18 x19"1g x12x20

(7) 1965 Coefficient omit omit omit

Standard Error

1966 Coefficient omit omit omit

 

Standard Error
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Table 8. (cont'd.)

*Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

cated. The variable was dropped from the model for both years.

ethnic origin and productivity was unchanged from that observed in

'model (1). In 1965, Mexican and Puerto Rican pickers had the highest

productivity levels among units having less than two years of experience

picking apples. They were followed by white and colored picking units

in order of productivity. The three ethnic origin subgroups had the

same relative picking rates in 1965 when only workers having two or

more years of experience were considered as they had when only inex-

perienced units were examined. However, in 1966 colored units had the

fastest picking rates of the three ethnic subgroups regardless of

whether experienced or inexperienced picking units were considered.

The colored units were followed in order of their productivity levels

by the white worker units and the Mexican and Puerto Rican worker

units in both the experienced and inexperienced cases in 1966. Work-

ers in all three ethnic subgroups who had more than one year of ex-

perience picking apples had higher productivity levels in both 1965

and 1966 than those having no more than one year of experience with

only one exception. The exception was for colored pickers in 1965.

In this case, the inexperienced workers out-picked the ones having

two or more years of experience.

Colored workers were shown to have lower picking rates than

white workers in both 1965 and 1966 by model (3). This result for
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Table 9. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Ethnic Origin Mexican or

Puerto Rican Worker

Model Year Variables

x19

(1) 1965 Coefficient 0.146

Standard Error 0.205

1966 Coefficient -0.365

Standard Error 0.571

x19 x19X12

(2) 1965 Coefficient 0.162 0.500

Standard Error 0.279 0.416

1966 Coefficient -0.380 -1.419

Standard Error 0.670 2.079

Xi9 X19x16

(3) 1965 Coefficient 0.084 0.443

Standard Error 0.311 0.409

1966 Coefficient -0.297 2.256

Standard Error 0.730 1.248

x19 xlgxgo

(4) 1965 Coefficient 0.485 -2.451

Standard Error 0.216 0.939

1966 Coefficient 1.250 5.855

Standard Error 0.810 3.909

X20x12 x20x13 x20X14

(5) 1965 Coefficient 0.811 0.118 -0.592

Standard Error 0.422 0.252 0.790

1966 Coefficient -Z.369 -0.542 -3.489

Standard Error 2.177 0.970 2.141

b

x20X1§ Xzoxle x20x17

(6) 1965 Coefficient 0.575 omit 0.406

Standard Error 0.278 0.321

1966 Coefficient 2.561 singular -1.069

Standard Error 1.157 0.789

* 7: 9c

xzoxig x20x19 xzoxzo

(7) 1965 Coefficient omit omit omit

Standard Error

1966 Coefficient omit omit omit

 

Standard Error

 

 

 



64

Table 9. (cont'd.)

*Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

cated. The variable was dropped from the model for both years.

1966 did not agree with model (1), but the regression coefficient in

model (3) for colored workers in 1966 cannot be viewed with much con-

fidence due to its extremely high standard error. In 1965 the pro-

ductivity of colored workers was reduced even more if they worked

alone, but this was not true in 1966. In the latter year the pro-

ductivity of colored workers was reduced less by working alone than

if they worked in groups of two or more. The productivity of Mexican

or Puerto Rican picking units was shown to be higher than that of

white units by model (3) in 1965, but not in 1966. This result agrees

with those of model (1). In 1965 the productivity of Mexican or

Puerto Rican worker units was increased even more if these units were

composed of individual pickers. The interaction of worker unit ethnic

origin with unit size showed the picking rates of Mexican or Puerto

Rican units to be reduced less in 1966 by pickers working alone as

opposed to working in groups of two or more persons. Neither inter-

action term discussed above was significant in either 1965 or 1966.

Regardless of whether a picking unit was of white or Mexican

and Puerto Rican ethnic origin, its productivity was higher in both

1965 and 1966 if its members were not residents of Michigan than if
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they were.13 When only nonresidents of Michigan were considered,

Mexican and Puerto Rican units had faster picking rates than white

workers in both 1965 and 1966. This was not true in the case of

Michigan residents, however, for in 1965 white pickers had higher

productivity levels than pickers of Mexican and Puerto Rican ethnic

origin when both were Michigan residents. The interaction term

between worker unit ethnic origin and worker unit residence did not

show the same interaction effect in 1965 and 1966 for these two

variables in the case of Mexican and Puerto Rican units. In 1965,

being both a nonresident of Michigan and of Mexican and Puerto Rican

ethnic origin was associated with significantly greater increases in

productivity than being a resident of Michigan and of Mexican and

Puerto Rican ethnic origin. But in 1966 the combination of Michigan

resident and'Mexican and Puerto Rican ethnic origin was associated

with greater productivity increases than was the nonresident - Mexican

and Puerto Rican combination. This interaction effect was not signifi-

cant in 1966, however.

The picking rates of colored workers in three different age

classes: less than 26 years old, 26-50 years old, and over 50 years

old, were not significantly different from each other in either 1965

or 1966. And the productivity of the colored workers in these three

age groups varied so much from 1965 to 1966 that no one age group

could be identified as the most productive or the least productive in

 

13No coefficient was calculated for the interaction of unit

residence with unit ethnic origin in the case of colored workers be-

cause of insufficient data.
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both of these years. Colored units in both the less than 26 year-old,

and the over 50 Year-old age groups had picking rates below that of

the average white unit in both 1965 and 1966. The middle-aged colored

unit had a productivity level below that of the average white unit in

1965, but not in 1966. When the productivity of workers in the same

three age categories as above, but having Mexican and Puerto Rican

ethnic background was examined, the different age groups were found

to have picking rates which were not significantly different from each

other in either 1965 or 1966. Among the Mexican and Puerto Rican

workers, those over 50 years old had the slowest picking rates in both

years. They were also the only age subgroup among this ethnic category

to have lowering picking rates than the average white unit in both 1965

and 1966. The other two age subgroups of Mexican and Puerto Rican

ethnic background had higher productivity than the average white unit

in 1965 and lower productivity than the average white unit in 1966.

Two relationships were found to hold in both 1965 and 1966 in

model (6) for the ethnic origin variable. Colored worker units con-

taining both male and female pickers had higher productivity levels in

both years than units made up of only male workers. And among Mexican

and Puerto Rican units, those containing only male workers had the

fastest picking rates in both 1965 and 1966.14 The productivities of

the colored pickers in the male units and the mixed male and female

units did not differ significantly from each other in either year,

while the productivities of the same two sex subgroups among Mexican

 

14Regression coefficients for colored female units and Mexican

and Puerto Rican female units were not calculated due to insufficient

data.
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and Puerto Rican workers did differ significantly from each other in

1966. Male pickers of Spanish ethnic origin had significantly higher

picking rates in both 1965 and 1966 then the average white unit.

Worker Unit Residence

Michigan residents had lower average picking rates than non-

residents of Michigan in both 1965 and 1966. But the average pro-

ductivity of Michigan residents was significantly lower than that of

nonresidents in only 1965.

The interaction effects of worker unit residence and worker

unit apple picking experience in model (4) have been discussed

15 This interaction variable was also included in model (2)previously.

and the interaction effects observed were the same as in model (4).

The results of model (2) indicate that the productivity of Michigan

residents having less than two years of experience is reduced less

than the productivity of nonresidents of Michigan who have less than

two years of experience. Or, viewed in another way, one could say

that the effect of being a Michigan resident reduced the productivity

of inexperienced workers less than it did the productivity of workers

with more than one year of experience. As was the case in model (4),

the coefficient for this interaction term was significant in 1965, but

not in 1966. When the level of picking rates were compared for differ-

ent subgroups of the total sample of workers, models (2) and (4) did

not give the same results in all cases, however. ‘Model (2) showed

experienced nonresidents of Michigan to have higher picking rates than

 

15See the discussion of model (4) under the heading of Worker

Unit Experiepce on page 56,
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Table 10. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Worker Unit Residence Michigan Resident

 

 

Model Year Variables

x20

(1) 1965 Coefficient -0.005

Standard Error 0.180

1966 Coefficient -0.301

Standard Error 0.411

X20 XZOXlZ

(2) 1965 Coefficient -1.311 1.449

Standard Error 0.208 0.447

1966 Coefficient -0.632 1.515

Standard Error 0.512 1.090

x20 x20x16

(3) 1965 Coefficient 0.262 -1.714

Standard Error 0.378 0.433

1966 Coefficient -0.843 1.330

Standard Error 0.713 0.917

*

x20 xzoxzo

(4) 1965 Coefficient -1.909 omit

Standard Error 1.790

1966 Coefficient -14.834 omit

Standard Error 10.556

x23X12 x23X13 x23X14

(5) 1965 Coefficient -0.765 -0.959 -1.186

Standard Error 0.587 0.217 0.421

1966 Coefficient 0.360 -0.588 0.236

Standard Error 1.648 1.050 0.864

b

ngxls Xzzxie x23X17

(6) 1965 Coefficient -l.500 omit 0.250

Standard Error 0.222 0.417

1966 Coefficient 0.511 singular -0.154

Standard Error 0.576 0.786

b

x23X1§ x23X12 xzsxzo

(7) 1965 Coefficient -1.423 '0.795 omit

Standard Error 0.242 0.321

1966 Coefficient 0.559 0.523 singular

Standard Error 0.589 1.169
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Table 10. (cont'd.)

*Where "omit" is indicated for a variable in both years for a

model, the variable was excluded in formulating the model.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

cated. The variable was dropped from the model for both years.

inexperienced nonresidents in both 1965 and 1966 as was the case in

model (4). Models (2) and (4) also both indicated experienced non-

residents to have higher productivity than experienced Michigan

residents in both years. But when the productivity levels of inexper-

ienced workers having different places of residence were examined, the

results obtained with model (2) were just the opposite of those

indicated by model (4). Model (2) showed inexperienced nonresidents

of Michigan to have lower picking rates in both years than inexperienced

Michigan residents had. It also indicated that in 1965, inexperienced

residents of Michigan had faster picking rates than Michigan residents

with more than one year of experience and that in 1966 the experienced

residents out-performed the inexperienced ones. Both of these results

were contrary to those of model (4).

The interaction term of worker unit residence with worker unit

size in model (3) did not give the same results in 1965 as it did in

1966. The productivity of Michigan residents working alone was in-

creased less than that of residents working in groups in 1965. While

in 1966 the productivity of Michigan residents working alone was

reduced less than that of residents working in groups. Michigan

residents working alone had lower picking rates than the average of all

nonresident picking units in 1965, but in 1966, the residents working
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alone had faster rates than the average nonresident unit. The coef-

ficient of the unit residence - unit size interaction term was signifi-

cant in 1965, but not in 1966.

When the average productivity of all pickers less than 26 years

old was compared to the average productivity of all workers 26-50

years old, the younger workers had lower picking rates in both 1965

and 1966. But when only Michigan residents were considered in model

(5) pickers less than 26 years old had higher productivity levels

than any other age group in both 1965 and 1966. 'This result does not

agree with that of model (4).16 The picking rates of Michigan

residents in the three age classes used in this analysis were not

significantly different from each other in either year for model (5),

however. The relative picking rates of Michigan residents who were

26-50 years old and over 50 years old were not the same in both 1965

and 1966.

Regression coefficients for only two sex subgroups were cal-

culated in model (6) for Michigan residents.17 Among units which were

 

16See the discussion of worker unit residence under the heading

of Worker Unit Agg on page 38 of this chapter. Model (4) shows workers

aged 26-50 to have the highest productivity of the three age subgroups

among Michigan residents. In addition to being more consistent with

the results of model (1), the results of model (4) seem to be more in

accord with expectations. The middle-aged subgroup should have more

maturity and experience than the younger workers and more physical

capability than the older pickers. Model (5) does not separate out

the influence of age on productivity as well as model (4) since non-

residents of all ages are grouped together in model (5). Therefore,

model (4) would be expected to give a stronger explanation of the

influence of age and residence on productivity.

17The available data did not permit the calculation of a co-

efficient for female Michigan residents.
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from Michigan those containing only male pickers had significantly

lower productivity levels in 1965 than those containing both male and

female pickers. In 1966 the picking rates of the male units were

faster than those of the mixed male and female units, but not signifi-

cantly so. This outcome in model (6) was just the opposite of what

was found in model (4). Part of the explanation for this inconsistent

result between models (4) and (6) may be due to the accuracy with

which the regression coefficient for the mixed male and female sex -

Michigan resident variable in these two models was calculated. The

standard error of this coefficient in both models was about twice

as large as the coefficient itself in 1965. In 1966 the coefficient

for this variable was estimated even less accurately.

Again, in model (7) only two regression coefficients were cal-

culated for Michigan residents.18 Both white and colored ethnic

subgroups which were Michigan residents had slower picking rates than

the average picking unit which was not from Michigan in 1965. But in

1966, Michigan residents in both of these ethnic subgroups had higher

productivity levels than the average nonresident picking unit. This

finding does not agree with the results of model (1) which showed

Michigan residents to have lower average picking rates than nonresi-

dents in 1966.19 The white and colored picking units which were from

 

18Sufficient observations were not available for Mexican and

Puerto Rican units to permit the calculation of a coefficient for

this interaction effect.

19This result may have occurred because the coefficients for

Michigan residents in the white and colored ethnic subgroups in model

(7) were not estimated very accurately in 1966. The standard errors

of the coefficients for both of these subgroups were larger than the

coefficients themselves in that year.
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Michigan did not have significantly different productivity levels in

either 1965 or 1966. Nor did one of these ethnic subgroups have the

fastest picking rate in both of these years.

Summary

The relationship of selected worker unit characteristics to

the unit's productivity picking apples was discussed in this chapter.

The age, sex, size, experience, ethnic origin, and residence of the

unit were the characteristics considered. The effect on worker

productivity of each of these characteristics individually as well

as selected interaction effects were presented.

Apple pickers from 26 to 50 years old were more productive on

the average than either younger or older pickers and units having two

or more years of experience picking apples harvested more bushels per

hour than less experienced ones. Considering only females, those

over 50 were faster pickers than either of the two younger age groups.

Being inexperienced tended to reduce the productivity of younger

pickers less than it did the productivity of those 26-50 years of age.

In fact, when only inexperienced pickers were considered those 26-50

years old had the lowest picking rates of the three age subgroups.

Male worker units were faster pickers on the average than

either female worker units or mixed male and female units. But among

workers less than 26 years old mixed male and female units picked more

bushels of apples per hour than either male units or female units.

Mixed male and female units also had higher picking rates than all-

male units when only colored workers were considered; while females

were the fastest pickers among workers over 50 years old.
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Persons working alone tended to harvest more bushels of apples

per hour than persons working in groups of two or more and residents

of Michigan were less productive apple pickers than nonresidents on

the average. But ethnic origin was not found to be consistently

related to apple picking productivity when analyzed for the total

sample of workers. Within certain subgroups of workers, however,

some consistent relationships were found for the ethnic origin

variable. Colored pickers out-performed either white pickers or

Mexican and Puerto Rican pickers in the under 26 age group. While

Mexican and Puerto Rican units were more productive than either of

the other two ethnic subgroups among pickers working alone. In

addition, Mexican and Puerto Rican picking units were faster than

white picking units when only mixed male and female units were con-

sidered, when only inexperienced units were considered, and when

only nonresidents of Michigan were considered.



CHAPTER V

RELATIONSHIP OF OPERATOR CONTROLLED VARIABLES

T0 WORKER PRODUCTIVITY

A discussion of the regression analysis results for those

variables "under operator control" is presented in this chapter. The

relationships found in 1965 and 1966 for models (1)-(7) will be

discussed for the variables: type of picking, degree of tree pruning,

type of market picked for, bonus paid, type of supervision, type of

picking equipment, and tree height. The tables included in this

chapter give regression coefficients and standard errors for only

those variables under discussion.

Type pf Pickipg

Preserving the stems on all apples picked seems to have the

expected effect of reducing apple picking rates. This effect is

expected since the stem must be grasped along with the apple during

picking and, in addition, apples picked in this manner are sold as

fresh fruit which requires greater care in handling to prevent bruising.

When workers were required to pick apples in such a manner that

stems remained on all apples their productivity was lower on the

average in both 1965 and 1966 than the productivity of workers picking

apples without regard for stems. Workers picking apples with all

stems on showed a significant difference in picking rates from other

pickers in only 1965, however.

74
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Table 11. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Type of Picking with Stems on

M

 

 

 

 

 

 

 

 

 

 

Model Year Variables

X1

(1) 1965 Coefficient -0.806

Standard Error 0.202

1966 Coefficient -1.696

Standard Error 1.666

a

X1 XIXJZ

(2) 1965 Coefficient -0.793 omit

Standard Error 0.204

1966 Coefficient -1.294 no data

Standard Error 1.743

a

X1 X1X16

(3) 1965 Coefficient -0.794 omit

Standard Error 0.203

1966 Coefficient -4.505 no data

Standard Error 2.965

a

_Xl_ 3315.9.

(4) 1965 Coefficient -0.736 omit

Standard Error 0.203

1966 Coefficient 0.522 no data

Standard Error 1.879

a

Xlxlz X1x13 X1X14

(5) 1965 Coefficient -0.604 -0.840 omit

Standard Error 0.384 0.261

1966 Coefficient -11.329 -2.388 no data

Standard Error 20.671 2.388

a

xixig X1x16 x1X12

(6) 1965 Coefficient -0.863 omit -1.1l6

Standard Error 0.253 0 384

1966 Coefficient -l.724 no data -5.431

Standard Error 2.796 3.308

8 b

x1x18 X1X19 X1X20

(7) 1965 Coefficient 0.022 omit omit

Standard Error 0.285

1966 Coefficient -3.546 no data singular

Standard Error 2.652
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Table 11. (cont'd.)

3"No data" signifies that no observations were made for the

variable in the year indicated. The variable was dropped from the

model for both years.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year

indicated. The variable was dropped from the model for both years.

The interaction of this variable with the experience, size,

and residence of the picking units could not be examined because of

the unavailability of data. Workers in both the age classes less

than 26 years old and 26-50 years old had slower picking rates when

all apples were picked with stems on than did the average worker who

picked without regard to stems.1 However, neither of these age

groups had rates picking "stems on" which were significantly different

from those of the average worker picking without regard for stems.

The productivity levels of the young and middle-aged workers did not

differ significantly from each other in either year when they were

both picking all apples with the stems on. But, the relative pro-

ductivity levels of the young and middle-aged workers picking "stems

on" changed from 1965 to 1966.

The picking rates of male worker units and worker units con-

taining both males and females did not differ significantly in either

1965 or 1966 when both types of work groups were picking all apples

with the stems on. Both worker units containing only males and those

containing both males and females had lower productivity levels in

 

Observations on workers over 50 years old were not available.
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both years when they were picking all apples with the stems on than

did the average worker unit which did not have to preserve all stems.

The relative productivity of male and mixed male and female worker

units was the same in both years when both picked all apples with the

stems on. Mixed units of males and females had lower picking rates

than the all-male units in both 1965 and 1966.2

No comparison of worker units of different ethnic origin pick-

ing all apples with the stems on could be made because a regression

coefficient could only be calculated for white workers in this case.

No clear evidence emerges from this analysis as to differences

in the abilities of the various subclasses of workers studied under

this picking condition with the exception of the all-male sex cate-

gory. The all-male units did not diSplay significantly different

picking rates, however. The analysis of this variable was hampered

by a lack of observations on several subclasses of workers.

Degree pf Tree Prunipg

The influence of tree pruning on the productivity of workers

is difficult to predict. 0n the one hand, one would hypothesize that

a well pruned tree should be easier to pick because of fewer obstacles

to reaching the fruit. However, to the extent that a high degree of

pruning is associated with an attempt to produce large, highly-colored

fruit for the fresh market expected productivity might be lower.

The degree of tree pruning did not have a consistent influence

on average worker productivity for the observations made in 1965 and

 

2No observations were available for female picking units in

this situation.
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1966. The signs of the regression coefficients for both A and B

pruning were reversed in the two years for which model (1) was fitted.

In 1965 the regression coefficient for A pruning was negative (compared

to C pruning), while it was positive in the following year. The signs

of the regression coefficients for B pruning were just the reverse of

those for A pruning in the same two years. The coefficient for A

pruning was not significant in either year, while B pruning had a

significant influence on productivity in only 1965.

Only the interaction effects of A pruning with worker unit

experience could be assessed in model (2). This interaction was not

significant in either 1965 or 1966. But it showed that regardless of

the experience, productivity was higher in C-pruned trees than in

A-pruned trees in 1965 and the reverse was true in 1966. Experienced

workers did have faster picking rates in both years than those with'

less than two years of experience when both types of workers picked in

trees of the same degree of pruning regardless of whether it was A or

C type.

The interaction effects of the degree of pruning with worker

unit size could not be assessed for either A or B pruning because of

insufficient data. The same was true for the interaction of pruning

with worker unit residence.

The results of model (5) show that workers 26-50 years old

picked more apples per hour than workers less than 26 years old in both

1965 and 1966 when both age groups worked in A-pruned trees. The same

results occurred when both age groups worked in B-pruned trees.3 The

 

3

A regression coefficient could not be calculated for workers

over 50 years old in trees of either A or B type pruning in both years.
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Table 12. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Degree of Tree Pruning Well Pruned

Model Year Variables

X3

(1) 1965 Coefficient -0.235

Standard Error 0.251

1966 Coefficient 0.731

Standard Error 1.413

X3 XEXIZ

(2) 1965 Coefficient -0.024 -0.121

Standard Error 0.273 0.344

1966 Coefficient 0.973 0.014

Standard Error 1.445 2.842

b
X: szlg

(3) 1965 Coefficient -0.21l omit

Standard Error

1966 Coefficient -1.664 singular

Standard Error 1.669

b

x:3 31m

(4) 1965 Coefficient -0.142 omit

Standard Error 0.253

1966 Coefficient 0.399 singular

Standard Error 1.417

xx xx xxb
3 12 3 13 3 l4

(5) 1965 Coefficient -0.758 0.077 omit

Standard Error 0.523 0.308

1966 Coefficient -29.970 1.131 singular

Standard Error 22.160 1.818

£3312 £33519. £11

(6) 1965 Coefficient -0.558 -0.165 0.053

Standard Error 0.316 0.552 0.449

1966 Coefficient 5.672 36.743 1.533

Standard Error 6.448 18.367 2.280

b b

fife 3.25.9 332.9
(7) 1965 Coefficient omit omit 2.590

Standard Error 0.690

1966 Coefficient singular singular -1.335

Standard Error 2.997

 

matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.

 

 

b"Singular" indicates that the variable resulted in a singular
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Table 13. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Degree of Tree Pruning Some to Moderate

Pruning

Model Year Variables

1?

(1) 1965 Coefficient 0.464

Standard Error 0.209

1966 Coefficient -0.223

Standard Error 1.057

x x x b
_.4__ __‘+__1.7..

(2) 1965 Coefficient 0.648 omit

Standard Error 0.209

1966 Coefficient 0.059 singular

Standard Error 1.095

b
x4 ngle

(3) 1965 Coefficient 0.525 omit

Standard Error 0.207

1966 Coefficient -0.858 singular

Standard Error 1.195 b

X4 x4x20

(4) 1965 Coefficient 0.636 omit

Standard Error 0.210

1966 Coefficient 1.149 singular

Standard Error 1.186

X4X12 x4x13 x4x14

(5) 1965 Coefficient 0.274 0.722 omit

Standard Error 0.441 0.252

1966 Coefficient -25.412 -1.064 singular

Standard Error 16.716 1.640

b

X4x15 x4xl6 x4x12

(6) 1965 Coefficient 0.485 omit 0.628

Standard Error 0.258 0 388

1966 Coefficient 8.556 singular -2.4l3

Standard Error 6.104 1.805

X4X18 x4x19 x4X20

(7) 1965 Coefficient -0.053 1.465 2.741

Standard Error 0.214 0.281 0.647

1966 Coefficient -l.318 0.429 0.076

Standard Error 1 529 2.958 3.801

 

cated.

 

 

 

  

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-

The variable was dropped from the model for both years.
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productivity rates for the two age groups were not significantly

different from each other under either type of tree pruning in either

year, however. When only young pickers, less than 26 years old, are

considered they picked more bushels of apples per hour in B-pruned

trees than in A-pruned trees in both years. The 26-50 year old work-

ers did not consistently perform at higher rates under one type of

pruning in both years, however. Neither the young nor the middle-

aged pickers had productivity levels in either A- or B-pruned trees

which were significantly different from the average worker in trees

of type C pruning in both 1965 and 1966.

The only consistent relationships in both years between type

of pruning and worker unit sex in model (6) were that females picked

‘more bushels of apples per hour than did males when both types of

units worked in A-pruned trees and that males had higher picking

rates in B-pruned trees than under pruning condition A. Female workers

had higher productivity levels than males in both 1965 and 1966 when

both sex groups worked in A-pruned trees. The performance of mixed

‘male and female work units in trees pruned "A" was inconsistent. In

1965 their productivity was higher than either all-male units or all-

female units. In 1966 the productivity of the mixed units was the

lowest of the three groups working in A-pruned trees. The difference

between the male, female, and mixed worker units picking A-pruned trees

was not significant in either year. ‘Male pickers had higher productivity

levels when picking apples in B-pruned trees than in A-pruned trees in

both 1965 and 1966. The productivity of mixed male and female units was

higher under pruning condition B in 1965 than when picking A-pruned
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trees, but not in 1966. No comparison of this nature was possible

for female pickers. In 1966 the productivity of male units was

significantly higher at the 0.071 level than that of mixed male and

female units when both worked in B-pruned trees, but the relative

picking rates of these two units in 1966 in either A- or B-pruned

trees was reversed from what it was in 1965. None of the three sex

groups had picking rates in both years which were significantly

different in either trees pruned "A" or "B" from that of the average

picker in trees of type C pruning.

No comparison of working units of different ethnic origin was

possible for well pruned trees since data were only sufficient under

this pruning condition to calculate regression coefficients for

Mexican and Puerto Rican workers in both years. In B-pruned trees,

however, white pickers had the slowest picking rates of the three

ethnic types in both 1965 and 1966. White pickers in B-pruned trees

picked fewer bushels of apples per hour than did the average picker

working in trees pruned type C in both years.4 Colored worker units

and Mexican and Puerto Rican worker units, while both having higher

productivity levels than white picking units in both 1965 and 1966

in B-pruned trees, did not have the same relative productivity levels

in both years. Colored picking units picked fewer apples per hour on

the average under these conditions in 1965, and more apples per hour

in 1966, than did Mexican and Puerto Rican units. In 1965 the pro-

ductivity levels of the three ethnic origin groups picking B-pruned

 

4

But the difference was not significant in either year.
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trees were significantly different from each other, but not in 1966,

Mexican and Puerto Rican picking units, the only group for which a

comparison is possible, picked more apples per hour in B-pruned trees

than in A-pruned trees in both 1965 and 1966. Although the picking

rates of both colored and Mexican and Puerto Rican workers were

higher in B-pruned trees than those of the average worker in trees

of type C pruning in both years, they were significantly higher in

only 1965.

There is no evidence in the above results to support the

hypothesis that trees which are highly pruned increase worker pro-

ductivity. To the extent that type A pruning is associated with

apples picked for the fresh market one would expect to find females

having higher productivity levels than males when picking fruit for

this market since they had higher picking rates in A-pruned trees.

The results above showing that all-male worker units and Mexican and

Puerto Rican worker units had higher picking rates in B-pruned trees

than in trees of A pruning supports the observation that a high

degree of pruning may be associated with fruit being picked for the

fresh market thereby reducing worker productivity.

Type pf_uarket Picked E2;

Picking apples to be sold as fresh fruit would be expected to

reduce worker productivity below that of picking apples to be pro-

cessed because greater care must be exercised to prevent bruising

and in fruit selection. The results of the statistical analysis of

this study support the above expectation for on the average picking
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Table 14. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Type of Market Picked For Retail

Model Year Variables

x5

(1) 1965 Coefficient -0.938

Standard Error 0.185

1966 Coefficient ~4.500

Standard Error 0.978

X X X b

___5_ _.5._1.7.

(2) 1965 Coefficient -0.873 omit

Standard Error 0.188

1966 Coefficient -4.654 singular

Standard Error 0.986

X5 sz16

(3) 1965 Coefficient -1.250 0.654

Standard Error 0.302 0.364

1966 Coefficient -13.738 10.299

Standard Error 5.939 5.968

b

X5 x5x20

(4) 1965 Coefficient -0.863 omit

Standard Error 0.187

1966 Coefficient -4.065 singular

Standard Error 0.982 b

x5X12 x5x13 sz14

(5) 1965 Coefficient -0.777 -0.918 omit

Standard Error 0.393 0.225

1966 Coefficient -6.853 -3.408 singular

Standard Error 2.452 1.168

b

XSXlS X5x16 x5x17

(6) 1965 Coefficient -0.516 -l.057 omit

Standard Error 0.235 0.597

1966 Coefficient -2.309 58.251 singular

Standard Error 1.164 27.484

b

XSXlB X5X19 xgxzo

(7) 1965 Coefficient -0.581 omit omit

Standard Error 0.269

1966 Coefficient -4.418 singular singular

Standard Error 0.987

 

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.
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apples for the fresh market reduced worker productivity significantly

below that for picking processing apples.5

The data available did not permit an examination of the

interaction effects of either worker unit experience or residence

with the type of market on which apples were to be sold. But the

number of persons in a picking unit did have a significant relation-

ship to the productivity of the unit when they picked apples for the

retail market. Picking apples for sale as fresh fruit reduced the

productivity of all worker units on the average in both years, but

this reduction was less for individuals picking alone than for picking

units of two or more persons.6

Models (5)-(7) produced only one relationship which was

significant with reSpect to the market for which apples were being

picked. The picking rates of young and middle-aged workers were

not significantly different in either 1965 or 1966 when both picked

apples for sale as fresh fruit and both had rates picking apples for

this market which were significantly lower than the average worker

7 The relativepicking processing apples in both of these years.

productivity of the young and middle-aged workers was not the same

in both years, however.

The productivity of males picking apples for the retail market

was significantly less than that of females picking for the same

 

5Significant at less than .0005 level in both years.

6Significant at least at the 0.081 level in both years.

7Data did not permit the calculation of a coefficient for

workers over 50 years old.
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market in 1966. But in 1965 the productivities of these two groups

picking apples for the retail market were not significantly different

and the relative productivity of these two groups was reversed from

what it was in 1966. Male workers picking apples for sale as fresh

fruit had picking rates significantly lower than the average worker

picking processing apples in both years. While females, when picking

for the fresh market, had lower rates in 1965, and higher rates in

1966, than the average worker picking processing apples. This dif-

ference for females was significant only in 1966. Apparently, there

was not a perfect correlation between trees being classed as A-pruned

and their being picked for the fresh market. The analysis of this

variables does not support the observation made earlier that all-

female worker units might be expected to have higher productivity

levels than all-male units when picking for the fresh market.

Sufficient data were available to permit the examination of

only white workers picking apples for the fresh market. Therefore,

the relative productivities of workers in other ethnic groups could

not be compared. The white workers picked significantly fewer bushels

of apples for the fresh market in both years than did the average

picker working with processing apples.

Rate pf Pay
 

Changes in the rate of payment per bushel of apples received

by pickers were on the average negatively related to changes in

productivity in both 1965 and 1966, but the regression coefficient

for this variable was significantly different from zero only in 1965.
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Table 15. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Rate of Pay

Model Year Variables

X8

(1) 1965 Coefficient -0.l74

Standard Error 0.025

1966 Coefficient -2.l37

Standard Error 5.420

X8 X8Xl7

(2) 1965 Coefficient -0.163 -0.101

Standard Error 0.030 0.053

1966 Coefficient -6.828 16.677

Standard Error 6.286 13.162

X8 X3X16

(3) 1965 Coefficient -0.217 0.063

Standard Error 0.036 0.039

1966 Coefficient 20.572 -42.602

Standard Error 7.659 11.017

X8 X8x20

(4) 1965 Coefficient -0.145 -0.128

Standard Error 0.030 0.054

1966 Coefficient '0.659 7.297

Standard Error 5.592 34.038

X3X12 X3X13 X8X14

(5) 1965 Coefficient -0.l83 -0.173 '0.238

Standard Error 0.046 0.029 0.053

1966 Coefficient 2.035 ~8.305 -4.994

Standard Error 24.539 7.450 10.431

b

3311; Me _X_8’£Lz

(6) 1965 Coefficient -0.517 omit -0.265

Standard Error 0.031 0.042

1966 Coefficient -24.3ll singular 16.314

Standard Error 8.222 7.950

b

Wm sz12 sz20

(7) 1965 Coefficient -0.150 omit -0.857

Standard Error 0.028 0.113

1966 Coefficient -2.980 singular 8.425

Standard Error 5.588 28.729

 

b"Singular" indicates that the variable resulted in a singular

‘matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.
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This result may have two possible explanations. First, growers commonly

adjust the amount they offer workers for picking apples in accord with

picking conditions. Growers with orchards which are difficult to

pick must offer more per bushel in order to secure an adequate number

of pickers. Second, the goal of pickers may be such that they desire

some relatively fixed income level. Given this condition, pickers

would be able to attain their income goals by reducing their picking

rate if the rate of payment per bushel was raised.

Model (2) indicated that an increase in the rate of pay was

associated with a decrease in worker productivity in both 1965 and

1966. In 1965 this relationship was significantly different from

zero and the productivity of units with less than two years of ex-

perience picking apples was reduced more by an increase in pay rates

than was the productivity of more experienced pickers.8 The following

year an increase in pay rates was not associated with a decrease in

productivity which was significantly different from zero. And the

picking rates of inexperienced worker units were not decreased as

'much by an increase in pay rates as were the rates of the experienced

worker units. This interaction term was not significant in 1966.

The rate of pay variable did not have a consistent regression

coefficient sign in model (3) for the two years analyzed. In 1965

the coefficient for this variable had a negative sign and it was

significantly different from zero. The interaCtion of rate of pay

with picking unit size showed that the productivity of individuals

working alone tended to be decreased less by an increase in the rate

 

8This relationship approached being significant at the .05

level. It was significant at the .054 level.
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of pay than was the productivity of pickers working in groups of two

or more.9 The coefficient for the rate of pay variable was positive

in 1966 and it was also significantly different from zero. And in

this year individuals working alone had smaller increases in produc-

tivity as pay rates were increased than did workers in groups of two

or more.10

In model (4) the regression coefficients for the rate of pay-

worker unit residence interaction terms for 1965 and 1966 differed

in sign, but there was a negative relationship between rate of pay

11 In 1965and worker unit productivity in both years for this model.

the productivity of Michigan residents was decreased significantly

-more than was the productivity of nonresidents by an increase in pay

rates. In 1966 Michigan residents' productivity was decreased less

than that of nonresidents by a pay rate increase and this interaction

term was not significant.

Model (5) indicates that an increase in the rate of pay tended

to decrease the productivity of workers over 50 years old more than

that of workers less than 26 years old in both 1965 and 1966. The

relative influence of a change in pay rates was not consistent for

the workers aged 26-50, however. In 1965 a one-unit increase in pay

rates resulted in the smallest decrease in productivity for this

 

9The coefficient for the interaction term was significant at

the .10 level in 1965.

10The interaction term coefficient in this year was signifi-

cant at less than the .0005 level.

11In 1965 this relationship was significantly different from

zero and in 1966 it was not.
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group amont the three age subgroups; and in 1966 it resulted in the

greatest decrease. The relationship was negative for all age groups

in both years with the exception of the youngest workers in 1966. The

effects of changes in pay rates on the productivity of the three age

groups were not significantly different from each other in either

1965 or 1966. Nor were any of the changes in productivity resulting

from a one-unit change in the rate of pay for a particular age group

significantly different from zero in more than one year.

An increase in the pay rate was associated with a decrease

in the picking rates of male units in both 1965 and 1966. But a

change in the rate of pay was not associated with a consistent change

for both years in the productivity of mixed male and female picking

units. The changes in picking rates made by male and mixed male and

female units in reSponse to a given pay rate change were significantly

different from each other in both years, however. And the changes in

productivity resulting from a unit change in pay rates were signifi-

cantly different from zero for both male and mixed male and female

units in both years.12

Changes in the rate of payment per bushel of apples were

associated with negative changes in productivity for white workers

in both 1965 and 1966. The changes in the picking rates of Mexican

and Puerto Rican workers in reSponse to a pay rate change were not

consistent in these two years, however. In 1965 the response of

 

12All-female units were not analyzed due to insufficient data.
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these workers due to a change in pay rates was negative and in 1966

it was positive.13 A given increase in pay rates decreased the pro-

ductivity of Mexican and Puerto Rican pickers significantly more

than that of white workers in 1965. The influence of a change in

payment rates on productivity was not significantly different for

these two types of picking units in 1966. Neither the white nor

the Mexican and Puerto Rican workers had changes in picking rates

significantly different from zero in both years in response to a

one-unit change in pay rates.

The results of the statistical analysis of the rate of pay

variable were not consistent. This may have been due in part to the

relatively small number of observations for some of the worker unit

subgroups in 1966.

mm

The bonus payment as used by most fruit growers generally

consists of a part of the total payment to workers being withheld

until the end of a harvest season. As such, it is an incentive to

pickers to remain in one location during the harvest thus minimizing

the growers labor recruitment problems. Pickers receiving a bonus

may realize higher earnings at the end of the harvest season than

those receiving no bonus, but they probably forego some immediate

compensation.

The relative productivities of the average workers receiving

bonuses and those not receiving bonuses were not consistent for the

 

13The data did not permit the response of colored workers

to be evaluated.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Bonus Paid No Bonus

 

 

 

 

 

 

Model Year Variables

x9

(1) 1965 Coefficient 0.478

Standard Error 0 214

1966 Coefficient -l.253

Standard Error 1.159

x9 x9x17

(2) 1965 Coefficient 0.234 0.665

Standard Error 0.252 0.456

1966 Coefficient -l.959 1.433

Standard Error 1.337 3.000

b
X2 X2X16

(3) 1965 Coefficient 0.567 omit

Standard Error 0.216

1966 Coefficient -O.146 singular

Standard Error 1.309

X2 X9X20

(4) 1965 Coefficient 0.221 1.561

Standard Error 0.243 0.409

1966 Coefficient 1.209 5.982

Standard Error 1.371 4.142

X9X12 x9x1; fixm

(5) 1965 Coefficient 0.386 0.647 0.076

Standard Error 0.424 0.278 0.548

1966 Coefficient -3.014 0.019 -7.100

Standard Error 9.262 1.531 2.772

b

1&2 fail X X17

(6) 1965 Coefficient 0.109 omit 0.899

Standard Error 0.277 0.366

1966 Coefficient -1.174 singular 3.871

Standard Error 1.443 2.559

b b

Eli 53.1; 32320.

(7) 1965 Coefficient 0.246 omit omit

Standard Error 0.236

1966 Coefficient -2.864 singular singular

Standard Error 1.491

 

matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.

 

b"Singular" indicates that the variable resulted in a singular
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two years 1965 and 1966. The average worker receiving a bonus had

a lower picking rate than did those not receiving a bonus in 1965,

but this relationship was reversed in 1966. Workers under these

two alternative payment situations had significantly different pick-

ing rates only in 1965.

The interaction term between bonus payment and the experience

of the worker had a consistent sign in both years. The regression

coefficient for this variable was not significant in either year,

however. The picking rates of inexperienced workers who did not

receive a bonus were increased more in 1965, and decreased less in

1966, than were the rates of workers with more than one year of

experience who did not receive a bonus. But workers with no more

than one year of experience had lower productivity in both years

than more experienced workers when both types of workers picked

under the same bonus conditions regardless of whether they were

paid a bonus or not. The use of a bonus payment did not affect

pickers in the same way in both 1965 and 1966. In 1965 both the

experienced workers and those with less than two years of experience

picked more bushels of apples per hour when they received no bonus.

The following year both types of pickers had faster picking rates

when they were paid a bonus than when they received none.

The interaction effects of worker unit size with bonus pay-

ment could not be assessed because of insufficient data.

In model (4) the worker unit residence was used as an inter-

action term with the bonus payment variable and more consistent

results for 1965 and 1966 were obtained. Workers who were residents

of Michigan had higher productivity levels in both years when they
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received no bonus than when a bonus was paid. The same was true for

nonresidents of Michigan. Regardless of whether pickers received a

bonus or not, Michigan residents could not match the productivity of

nonresidents in either year when both types of workers picked under

the same bonus payment conditions. This was true even though Michigan

residents had greater increases in their picking rates in both years

than did nonresidents when both types of workers did not receive a

bonus. The bonus payment-worker unit residence interaction effect

was significant in only 1965.

The relative productivity of picking units in different age

categories, receiving no bonus, was not changed from that of the

average of all units in the sample. Of those units receiving no

bonus payment, workers 26-50 years old had the highest picking rates

in both 1965 and 1966 while those over 50 years old had the lowest

in both years. The productivities of the workers in the three age

groups were significantly different in only 1966 when no bonus was

paid.14 Of the age subgroups which received no bonus, none had signif-

icantly different performance in both years from the average of all

workers paid a bonus.

The most interesting result of models (5) through (7) for this

variable was that of the interaction between bonus payment and worker

unit sex. Model (1) showed male workers to have higher productivity

levels on the average than either females or mixed male and female

units. But model (6) indicates that when workers receive no bonus

 

14These productivities differed at a level of 0.060 in 1966.
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payment, the mixed male and female units had higher picking rates than

15
male units. The productivity of mixed male and female units was

higher than that of male picking units in both years when neither type

of unit received bonus payments.16 When they did not receive a bonus

neither the mixed nor the male picking units had picking rates signi-

ficantly different in both years from the average of all units paid

bonuses.

No comparison of the productivity of workers in different

ethnic groups could be made when no bonus was paid because a regression

coefficient could only be calculated for white workers under this

condition in both years.

The nature of the bonus payment variable may help explain the

observed interaction effects of no bonus payment with the inexperienced

workers and with Michigan residents. The inexperienced picker may be

spurred on by visions of getting rich quick when he receives his total

compensation immediately. Many Michigan residents who harvest fruit

do so on a part-time basis on week-ends or after work or school and

may not plan to work for one grower during an entire harvest season.

An explanation for the mixed male and female worker units having higher

productivity than the male worker units when no bonus was paid is not

readily apparent. One possible explanation of this empirical result

is that the structure of the sample of workers in the "no bonus"

category was such that most of the mixed worker units were nonresidents

 

5 O O O

A coefficient was not calculated for worker units containing

only females.

16The productivity levels of these two types of units were

significantly different at the 0.082 level in 1965 and at the 0.083

level in 1966.



96

of Michigan while most of the males were Michigan residents. This

seems reasonable since Mexican workers usually travel as family groups.

In this situation the effect of being a nonresident may have out-

weighed the influence of being a male worker.

Type pf Supepyisiop

Close supervision did not have a consistent influence on the

productivity of the average picking unit in 1965 and 1966. The signs

of the regression coefficient for this variable were reversed for the

two years in model (1). However, this coefficient was significant at

least at the 0.07 level in both years.

The data available permitted the calculation of only one

interaction coefficient in.models (2) through (4). This was for the

interaction between type of supervision and worker unit size for

which the signs of the regression coefficient were reversed for the

two years in which observations were made. The results indicated

that when working under close supervision, the productivity of

individual pickers was increased more than was the productivity of

two or more pickers working together in 1965. But in 1966 the

productivity of pickers working alone was increased less than that

of groups of workers under these same conditions. As a result,

pickers working alone under close supervision had higher productivity

levels than the average unit under other types of supervision in 1965.

But in 1966 the individual picker under close supervision had lower

picking rates than the average worker under other types of super-

vision. This interaction term was significant in only 1965.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Type of Supervision Close

W

 

Model Year Variables

x10

(1) 1965 Coefficient 0.728

Standard Error 0.173

1966 Coefficient -2.823

Standard Error 1.592

x x x b
_19_ .19_ll

(2) 1965 Coefficient 0.585 omit

Standard Error 0.173

1966 Coefficient -3.059 singular

Standard Error 1.737

x10 x10x16

(3) 1965 Coefficient 0.003 0.939

Standard Error 0.280 0.342

1966 Coefficient 0.333 -0.946

Standard Error 2.221 1.372

b

x10 x10x20

(4) 1965 Coefficient 0.568 omit

Standard Error 0.174

1966 Coefficient 1.205 singular

Standard Error 1.908

x10x12 x10x13 x10x14

(5) 1965 Coefficient 1.327 0.486 -0.353

Standard Error 0.379 0.207 0.508

1966 Coefficient -4.202 -3.558 -6.274

Standard Error 4.232 2.356 2.412

b b

X101‘15 x10x16 x10x17

(6) 1965 Coefficient 0.997 omit omit

Standard Error 0.217

1966 Coefficient 0.254 singular singular

Standard Error 2.241

b

x10X1§ X10X19 x10x20

(7) 1965 Coefficient 0.062 omit 3.624

Standard Error 0.240 0.532

1966 Coefficient -3.887 singular -19.619

Standard Error 1.922 14.468

 

 

 

 

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.
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Only workers over 50 years old had the same relative productivity

in both 1965 and 1966 under close supervision. These workers had the

lowest picking rates of the three age groups observed under close

supervision in both years. The productivity of the older workers under

this type of supervision was less than that of the average picking unit

under other types of supervision in both years. The productivities of

the three age groups under close supervision were significantly

different from each other in 1965, but not in 1966. And none of the

three age groups under close supervision had picking rates significantly

different from the average of all workers under other types of super-

vision in both years.

All-male picking units working under close supervision had

higher productivity levels in both 1965 and 1966 than the average unit

under other types of supervision. This difference was significant in

only 1965, however. Insufficient data made comparisons of male units

with units from other sex groups impossible under close supervision.

The productivity of white workers was significantly less than

that of Mexican and Puerto Rican workers when both worked under close

supervision in 1965, but not in 1966.17 In fact, the relative product-

ivities of the white and the Mexican and Puerto Rican workers were

reversed in 1966 from what they were in 1965. Neither the white nor

the Mexican and Puerto Rican workers had picking rates under close

supervision which differed significantly in both years from the average

of all workers under other types of supervision.

 

17Sufficient data were not available for colored pickers working

under this type of supervision to permit the calculation of a regression

coefficient.
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The lack of consistent relationships for this variable may

have been in part due to the way in which this variable was measured.

The determination of type of supervision was made subjectively by the

enumerators in both years. This was further complicated by the fact

that the same enumerators were not used in both 1965 and 1966. Analysis

of this variable was also hampered by a limited number of observations

on workers under rather close supervision.

Iypg pf Picking Eguipment

Worker picking units which used metal picking containers had

higher productivity levels on the average than those using canvas or

other types of picking containers in both 1965 and 1966. The picking

rates of those using metal containers were significantly higher in

only 1965, however.

The interaction effect of metal picking containers with pickers

having under two years of experience was not the same in both 1965 and

1966. In 1965, the use of metal equipment tended to increase product-

ivity more for inexperienced pickers than for those having more than

one year of experience picking apples. But the productivity of in-

experienced workers was increased less than that of experienced workers

by the use of metal picking containers in 1966. This interaction effect

was significant in only 1966. When all workers were experienced, those

using metal containers had higher productivity levels in both years.

But the highest picking rate was not associated with one type of pick-

ing container in both years when only workers with less than two years

of experience were considered. Of those pickers using one particular

type of container, those with more than one year of experience had
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Table 18. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Type of Picking Equipment Metal

 

 

 

 

 

 

 

 

Model Year Variables

‘ X11

(1) 1965 Coefficient 1.343

Standard Error 0.318

1966 Coefficient 0.440

Standard Error 0.515

X11 X11x17

(2) 1965 Coefficient 1.186 0.348

Standard Error 0.367 0.728

1966 Coefficient 1.348 -2.967

Standard Error 0.675 1.148

X11 x11X16

(3) 1965 Coefficient 1.497 -0.339

Standard Error 0.624 0.696

1966 Coefficient -1.439 2.396

Standard Error 0.984 1.159

X11 x11x20

(4) 1965 Coefficient 1.116 1.661

Standard Error 0.358 0.844

1966 Coefficient 0.252 0.760

Standard Error 0.608 1.783

x11X12 x11X13 x11X14

(5) 1965 Coefficient 1 198 1.320 -0.559

Standard Error 0 944 0.383 0.880

1966 Coefficient -0.817 -0.205 1.271

Standard Error 1.390 0.926 0.951

X11x15 Xllxlé x11x17

(6) 1965 ' Coefficient 1.112 -5.280 1.281

Standard Error 0.377 1.308 0.692

1966 Coefficient 1.135 0.212 -1.399

Standard Error 0.688 1.385 0.978

xllx18 x11X19 x11X20

(7) 1965 Coefficient 0.721 1.568 4.735

Standard Error 0.485 0.495 2.889

1966 Coefficient 0.481 -l.669 -18.975

Standard Error 0.543 1.750 17.406
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the highest productivity levels in both years regardless of the type

of picking container considered.

Pickers working alone and using metal picking containers had

faster picking rates than the average of all picking units using other

types of equipment in both 1965 and 1966. The use of metal equipment

did not influence picking units consisting of only one person in the

same manner in both years, however. Using this type of container

tended to increase the picking rates of individuals less than it did

the rates of units containing two or more persons in 1965. And in

1966 the use of metal containers by individuals decreased their pro-

ductivity less than did the use of these containers by two or more

persons picking together.

Michigan residents using metal picking equipment had faster

picking rates in both 1965 and 1966 than residents using canvas bags

or other types of equipment. Pickers who were not residents of Michigan

also had higher productivity levels using metal equipment in both years.

The use of metal picking containers tended to increase the productivity

of Michigan residents more than that of nonresidents in both years.

However, when using the same type of equipment, regardless of the type,

‘Michigan residents picked fewer apples per hour than did nonresidents

of Michigan in both 1965 and 1966.

Middle-aged workers had higher picking rates than young workers

in both 1965 and 1966 when both age groups used metal picking equipment

as opposed to other types. The influence of this type of equipment on

older workers was not consistent in these two years, however. These

workers had the fastest picking rates in 1965, and the slowest rates

in 1966, when using metal containers. The average picking rates of
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the three age groups were not significantly different in either year

when each group worked with metal picking equipment. Nor was the aver-

age productivity of any age group using metal containers significantly

different in both years from the average picking rate of all workers

using other types of equipment.

The relative picking rates of male workers and female workers

using metal containers were the same in both 1965 and 1966. The males

picked more apples per hour in both years. Males also picked more

apples per hour using metal equipment than the average worker using

other types of equipment in both years, but the difference was signi-

ficant in only 1965. Mixed male and female picking units did not per-

form consistently in the two years observed when they used metal

containers. In 1965 the mixed units had the highest picking rates using

these containers, and in 1966 they had the lowest of the three sex

groups. The average productivity levels of the male, female, and mixed

picking units using metal containers were significantly different in

1965, but not in 1966.

White pickers using metal picking equipment picked more bushels

of apples per hour in both 1965 and 1966 than did the average picker

using other types of equipment. But the picking rates of the white

workers using metal equipment did not differ significantly from the

average worker using other equipment in either year, however. Workers

of the other two ethnic backgrounds did not behave in this manner when

using metal containers. In 1965 Mexican and Puerto Rican workers had

the highest productivity levels using metal containers, but in 1966

their rates were lowest. Although white workers had higher picking

rates when using metal containers than the average worker using other
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equipment, they had the lowest rate of the three ethnic groups using

metal containers in 1965. While in 1966 they had the highest rate of

the three groups using metal containers. Colored pickers maintained a

median picking rate in both years when using metal equipment. The aver-

age picking rates of the three ethnic groups did not differ significantly

in either year when they all used the metal picking containers.

I£§§,Height

The productivity of workers picking apples in trees over 18

feet tall would be expected to be lower than that of workers in shorter

trees since a higher percentage of picking in the taller trees must be

done from ladders. The effect of tree height on the average worker's

productivity picking apples in 1965 was not consistent with its effect

in 1966. The regression coefficients for this variable were not signi-

ficant in either year, however. Working in trees over 18 feet tall

tended to reduce picking rates below what they were in trees 14-18 feet

tall in 1965. But in 1966 picking rates tended to be higher in the

taller trees.

The interaction term in model (2) of tree height with picking

unit experience was significant only in 1965. But its sign was positive

in both 1965 and 1966 indicating that productivity was decreased less

in 1965 and increased more in 1966 when working in tall trees if pickers

had less than two years of apple picking experience than it would have

been if pickers had over one year of experience. This analysis indi-

cated that those workers with less than two years of experience had

higher picking rates in tall trees than in shorter ones in both 1965 and

1966. But more experienced workers did not have higher productivity
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Table 19. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Tree Height Over 18 Feet

W

Model Year Variables

x22

(1) 1965 Coefficient -0.182

Standard Error 0.185

1966 Coefficient 0.263

Standard Error 1.188

x22 X221‘17

(2) 1965 Coefficient -0.307 0.702

Standard Error 0.225 0.373

1966 Coefficient 0.157 0.645

Standard Error 1.352 3.356

X22 x22X16

(3) 1965 Coefficient -0.236 0.107

Standard Error 0.299 0.368

1966 Coefficient -3.100 4.085

Standard Error 3.319 3.599

x22 x22x20

(4) 1965 Coefficient -0.052 -0.353

Standard Error 0.197 0.496

1966 Coefficient 2.968 -8.391

Standard Error 1.400 3.227

x2gxiz x25x13 x25xl_4

(5) 1965 Coefficient 0.756 -0.308 -0.958

Standard Error 0.387 0.228 0.502

1966 Coefficient -15.581 -0.325 -4.696

Standard Error 18.367 1.563 3.208

’25"); X25X16 X2sxiz

(6) 1965 Coefficient -0.234 -0.610 0.223

Standard Error 0.239 0.554 0.321

1966 Coefficient -0.078 212.887 ~2.138

Standard Error 1.585 88.004 3.350

b

iui‘ia £2512 flag

(7) 1965 Coefficient -2.115 omit 1.963

Standard Error 2.276 2.265

1966 Coefficient '1.946 singular 0.990

Standard Error 1.491 4.934

 

 

 

b"Singular" indicates that the variable resulted in a singular

Inatrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.
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levels in trees in one particular height range in both years. When the

performance of experienced pickers was compared with that of workers

having no more than one year of experience, and both types of workers

were picking in trees of comparable heights, the more experienced

pickers had higher productivity levels in both years regardless of

whether they worked in short or tall trees. The relative picking rates

of inexperienced workers in "tall” and "short" trees was not what was

expected a priori. This outcome might have occurred for more than one

reason. It is possible that picking in tall trees gives the inexperienced

worker some psychological stimulus not present when he works from the

ground. In effect, he has not learned that taller trees are harder to

pick. It is also possible that apple yields were not the same for

trees in the two height categories studied. Higher apple yields in

the taller trees picked by the inexperienced workers could have more

than offset the expected disadvantage from picking in taller trees.

Apple yield was only indirectly reflected through the fruit size variable

in the regression models used in this study.

‘Model (3) indicated that the productivity of picking units made

up of one person was decreased less in both 1965 and 1966 by working in

tall trees than was the productivity of units consisting of two or more

workers. But this interaction term was not significant in either year.

Pickers working alone had higher picking rates in trees 19 or more feet

tall than did the average picking unit working in trees 14-18 feet tall

in 1966, but not in 1965.

Residents of Michigan had their picking rates decreased more

in 1965 and increased less in 1966 than did residents of other states

by working in trees over 18 feet tall compared to trees 14-18 feet high.
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This interaction variable in Model (4) was significant in only 1966.

This model indicated that residents of Michigan picked more bushels of

apples in short trees than in tall ones in both years. But that non-

residents had faster picking rates in the short trees in 1965 and in

the tall trees in 1966. ‘Michigan residents did not match the perfor-

mance of nonresidents in either year in either tree height category.

Working in trees over 18 feet tall reduced the productivity

level of both middle-aged workers and those over 50 years old below

the average of all workers in trees 14-18 feet tall in both 1965 and

1966. And the picking rate of workers over 50 years old was less than

that of middle-aged pickers in both years when both age groups were

working in tall trees. Workers under 26 years old were not affected

in the same way in these two years by working in tall trees. In 1965

young workers had the highest productivity level of the three age

groups when all worked in tall trees. But in 1966 the young pickers

had the lowest picking rate in these trees. Workers in the three age

groups had significantly different average picking rates when working

in tall trees in 1965, but not in 1966. And none of the age groups

had a picking rate in tall trees which was significantly different

from the average rate of all pickers in trees 14-18 feet tall.

Mexican and Puerto Rican workers were faster pickers in tall

trees in both 1965 and 1966 than were white pickers in trees of the

18
same height. But the picking rates for these two types of workers

were not significantly different in either year when both types worked

 

18Date were not available to permit an analysis of colored

worker units.
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in the tall trees. Neither the white nor the Mexican and Puerto

Rican pickers had a productivity level in tall trees significantly

different from that of the average worker picking in trees 14-18

feet tall in either 1965 or 1966.

The observed effect of picking in tall trees tending to

depress picking rates of Michigan residents more than those of non-

residents may be explained by nonresidents having a more professional

status as fruit pickers and being more experienced handling ladders

and working in trees. The fact that Mexican-Puerto Rican worker

units were found in this analysis to have faster picking rates than

white units in trees over 18 feet tall tends to support the above

"professional status" explanation.

Summary

The relationship of seven variables under the control of the

operator to worker productivity in apple harvesting was presented in

this chapter. Type of picking, degree of tree pruning, type of

market picked for, bonus paid, type of supervision, type of picking

equipment, and tree height were the variables considered. The effect

of each of these variables individually on worker productivity was

presented along with selected interaction effects with worker unit

characteristics.

Picking apples in such a manner that the stems remained on

all apples reduced worker productivity below what it was when apples

were picked without regard for stems.

A consistent relationship between the degree of tree pruning

and worker productivity could not be established for the overall



108

sample of workers. But when only workers less than 26 years old were

considered, when only male workers were considered, or when only

Mexican and Puerto Rican workers were considered they picked more

bushels of apples per hour in moderately pruned trees than in well

pruned trees. When well pruned trees were being picked by all workers,

female units were more productive than male units. White worker units

were the least productive of the three ethnic subgroups when only

moderately pruned trees were being picked.

Worker units picking apples for sale as fresh fruit had lower

productivity than units picking processing apples on the average.

And picking apples for the fresh market did not reduce the productivity

of individual workers as much as it did the productivity of two or

‘more workers picking together.

Apple picking productivity was negatively related for the

average picker to the rate of payment he received for each bushel of

apples picked. And the productivity of workers over 50 years old was

reduced more by an increase in payment rates than was the productivity

of pickers under 26.

A consistent relationship was not found for the over-all sample

of workers between the practice of paying bonuses to workers and their

apple picking Speed. But both Michigan residents and nonresidents of

‘Michigan, when analyzed separately, had faster picking rates when they

received no bonus payment; with the productivity of Michigan residents

being increased more by the practice of making no bonus payment than

was the productivity of nonresidents. Even though all-male worker

units had the highest productivity level of the three sex subgroups on

the average, when no bonus payment was made the mixed male and female
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sex subgroup picked more bushels of apples per hour than the all-male

subgroup.

Close supervision of workers did not have a consistent in-

fluence on the productivity of the average picking unit in this

analysis.

Workers using metal picking containers had higher productivity

levels on the average than those using other types of containers.

And the use of metal picking containers tended to increase produc-

tivity of Michigan residents more than that of nonresidents.

The relative productivity of workers picking tall and short

trees was not found to be consistent in this study for the total

sample of workers. But when only workers with less than two years

of experience were considered they picked more bushels of apples per

hour in tall trees than in short ones. The productivity of pickers

working alone was decreased less by working in tall trees than was

the productivity of units containing two or more workers. And when

only Michigan residents were considered, they picked more bushels of

apples per hour in short trees than in taller ones. Although on the

average over-all conditions one ethnic subgroup was not found to be

the most productive, Mexican and Puerto Rican workers were faster

pickers than white workers when only tall trees were being picked.



CHAPTER VI

RELATIONSHIP OF VARIABLES NOT CONTROLLED

BY OPERATOR TO WORKER PRODUCTIVITY

An analysis of those variables classed as not being directly

controlled by the farm operator is presented in this chapter. In

the order they are considered, the variables are: tree age, topography

of orchard, weather conditions, tree Spread, and fruit size. The

table accompanying the discussion of each of these variables gives

the regression coefficients and standard errors obtained in regression

'models (1)-(7) for the variables under discussion. Both the years

1965 and 1966 will be considered in presenting the results of the

regression analyses.

Tie—9.1122

As apple trees mature they grow taller and their Spread becomes

greater. This would be expected to make picking more difficult since

longer ladders would be needed in addition to more ladder movement in

older trees. The results support the above expectation for the most

part. There was a negative relationship for the average worker between

his productivity and the age of the trees he was picking in both 1965

and 1966. That is, picking rates tended to decline as tree age in-

creased. The change in productivity associated with a unit change in

tree age was significantly different from zero in only 1965, however.

When the influence of tree age on workers having different

amounts of apple picking experience was examined, tree age was found

110
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Model Year
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Variables

Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Tree Age

 

 

 

 

 

X

_.2._

(1) 1965 Coefficient -0.046

Standard Error 0.005

1966 Coefficient -0.059

Standard Error 0.037

X2 X2X12

(2) 1965 Coefficient '0.039 -0.024

Standard Error 0.006 0.013

1966 Coefficient -0.086 0.199

Standard Error 0.042‘ 0.103

x2 x2x16

(3) 1965 Coefficient -0.053 0.014

Standard Error 0.010 0.012

1966 Coefficient 0.055 -0.064

Standard Error 0.062 0.079

X2 sz 0

(4) 1965 Coefficient -0.050 0.022

Standard Error 0.006 0.019

1966 Coefficient 0.006 -0.022

Standard Error 0.045 0.108

x2x12 xgxig xlell-

(5) 1965 Coefficient -0.060 -0.045 -0.028

Standard Error 0.010 0.007 0.020

1966 Coefficient 0.376 -0.l31 0.030

Standard Error 0.604 0.064 0.087

sz1§ x2X16 sz12

(6) 1965 Coefficient -0.038 -0.026 -0.049

Standard Error 0.007 0.018 0.012

1966 Coefficient 0 .045 8.100 -0 .020

Standard Error 0.057 3.425 0.098

b

X2x18 xleg sz20

(7) 1965 Coefficient -0.047 -0.006 omit

Standard Error 0.007 0.010

1966 Coefficient -0.044 -0.392 singular

Standard Error 0.044 0.112

 

dated. The variable was dropped from the model for both years.

b"Singular" indicates that the variable resulted in a singular

matrix in the solution for regression coefficients in the year indi-
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to be negatively associated with productivity in both 1965 and 1966

for workers having more than one year of experience. The influence

of tree age on productivity was Significantly different from zero in

both years for these workers. But the effect of tree age on workers

having no more than one year of experience was not consistent between

years. In 1965 there was a negative relationship between tree age

and productivity for the inexperienced worker, while in 1966 this

relationship was positive. In addition, the interaction term for tree

age and worker unit experience suggests that the productivity of

inexperienced pickers was decreased more in 1965, and decreased less

in 1966, by an increase in tree age than was the productivity of more

experienced pickers. The difference in the influence of tree age on

productivity for the experienced and the inexperienced workers

approached being significant in both years.1

The effect of an increase in tree age on picking rates was not

the same in both 1965 and 1966 for picking units consisting of two or

'more persons. There was a negative relationship between changes in

tree age and changes in productivity for these units in 1965, but in

1966 this relationship was positive. Productivity changes resulting

from changes in tree age were significantly different from zero in

only 1965, however, for picking units containing two or more persons.

There was a negative relationship between changes in tree age and

changes in picking rates in both years for units consisting of only

one person. The influence of tree age on productivity was not

 

1In 1965 the difference was significant at the 0.070 level and

in 1966 it was significant at the 0.052 level.
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significantly different in either year for these two sizes of picking

units even though the direction of the influence was not the same in

1966. An increase in tree age tended to decrease productivity less

for persons working alone than it did for units containing two or

more persons in 1965, but in 1966 an increase in tree age tended to

increase productivity less for individual pickers than for persons

working in groups.

A negative relationship existed between changes in tree age

and changes in worker productivity for residents of Michigan in both

1965 and 1966. But residents of other States exhibited a negative

relationship between productivity and changes in tree age in 1965,

while in 1966 this relationship was positive. The influence of a

change in tree age on picking rates was significantly different from

zero in only 1965 for nonresidents of Michigan, however. An increase

in tree age tended to decrease the productivity of Michigan residents

less than that of nonresidents in 1965, while in 1966 an increase in

tree age tended to increase Michigan residents' productivity less

than it did that of nonresidents. The influence of tree age on the

productivity of Michigan residents was not significantly different

from that on nonresidents in either year.

The effect of a change in tree age on the productivity of

workers 26-50 years old was significantly different from zero in

both 1965 and 1966. This was not true for either the younger or

the older age groups observed in this study. An increase in tree

age was associated with a decrease in the picking rates of workers

26-50 years old in both 1965 and 1966. Both the younger and the older

workers displayed a negative relationship between changes in tree age
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and changes in productivity in 1965 and a positive relationship

between these variables in 1966. A given increase in tree age

decreased the productivity of middle-aged workers more than that of

older workers in both years. For the younger workers, however, the

same increase in tree age was associated with the largest decrease

in productivity of the three age groups in 1965 and the largest

increase in productivity in 1966. The influence of tree age on

picking rates did not differ significantly for the three age groups

in either 1965 or 1966.

When males and females worked together in the same picking unit

an increase in tree age tended to reduce productivity in both 1965 and

1966. The effect of an increase in tree age on productivity for the

mixed units was significantly different from zero in only 1965,

however. The productivity of both the all-male and the all-female

units was affected differently in 1965 than it was in 1966 by a change

in tree age. A negative relationship existed between changes in tree

age and productivity for both these types of units in 1965, but in

1966 this relationship was positive for both units. The influence

of a change in tree age on productivity was significantly different

from zero only in 1965 for the male units and only in 1966 for the

female units. The influence of a change in tree age on the product-

ivity of workers in the three sex subgroups approached being signifi-

cantly different from each other in 1966, but not in 1965.2

There was a negative relationship for both white and colored

pickers between changes in tree age and productivity in both 1965

 

2These influences were significantly different at the 0.053

level in 1966.
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and 1966.3 But the relative influence on productivity of a change in

tree age was not the same for pickers of these two ethnic groups in

these two years. In 1965 a given change in tree age reduced the

productivity of white units more than that of colored ones. But in

1966 the same change in tree age reduced the productivity of colored

workers the most. Even though the above was true, the influence of

a change in the age of trees on the productivity of white pickers

was significantly different from what it was on the productivity of

colored workers in both years. The influence of a change in tree age

on productivity was not significantly different from zero in both

years for either the white or the colored pickers.

Topography pf Qrcpard

The productivity of pickers working in extremely hilly or

rough orchards would be expected to be less than what it would be if

they worked in level to gently rolling orchards because of the diffi-

culty of moving ladders and other equipment from one location in the

orchard to another. On the average picking units working in orchards

having a level to gently rolling topography picked more bushels of

apples per hour in both 1965 and 1966 than did units picking orchards

which were hilly. The difference in the picking rates of units work-

ing under these two topographical conditions was not Significant in

either year, however.

The interactions of topography with worker unit experience,

size, and residence could not be determined because of insufficient

data.

 

3This relationship could not be assessed for Mexican and Puerto

Rican workers because of singularity problems.
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Table 21. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Topography of Orchard Level to Gently

Rolling

Model Year Variables

__"_6__

(1) 1965 Coefficient 0.743

Standard Error 0.647

1966 Coefficient 0.675

Standard Error 1.191

X X X b

6 6 12

(2) 1965 Coefficient 0.058 omit

Standard Error 0.689

1966 Coefficient 1.282' singular

Standard Error 1.243

b

X6 Xoxio

(3) 1965 Coefficient 1.081 omit

Standard Error 0.657

1966 Coefficient -l.289 Singular

Standard Error 1.318

b

X6 x6X20

(4) 1965 Coefficient 0.372 singular

Standard Error 0.662

1966 Coefficient 0.006 omit

Standard Error b 1.251 b

Xexiz x6X13 X6Xl4

(5) 1965 Coefficient omit 0.386 omit

Standard Error 0.646

1966 Coefficient Singular 1.100 singular

Standard Error b 1.45%

X6X15 X6xl6 x6x17

(6) 1965 Coefficient omit omit '0.264

Standard Error 1.340

1966 Coefficient singular Singular -1.648

Standard Error 1.379

b

X6x18 X6X1 Xoxzo

(7) 1965 Coefficient 0.959 omit omit

Standard Error 0.684

1966 Coefficient 0.099 Singular singular

Standard Error 1.347

 

b
"Singular" indicates that the variable resulted in a Singular

matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.
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The coefficient for workers 26-50 years old in model (5) was

the only one calculated.4 It indicated that workers in this age

group had faster picking rates in leveler orchards than did the

average picker in orchards classed as hilly in both 1965 and 1966,

but the difference in rates was not significant in either of these

years.

In model (6) sufficient data were available to calculate only

one coefficient. This was for mixed male and female picking units

which showed units of this type picking in level to gently rolling

orchards to have lower productivity levels in both years then the

average of all pickers in hilly orchards. The picking rates of the

‘mixed male and female units in this case were not significantly

lower in either year, however.

Sufficient data were available to calculate only one coef-

ficient in model (7), also. White pickers working in orchards having

no steep hills had higher, but not significantly so, productivity

levels than the average of all workers in hilly orchards in both 1965

and 1966.

A lack of observations on pickers working in orchards classes

as "hilly" made statistical analysis of the topography variable almost

impossible except from the standpoint of the average worker unit.

Sufficient data were not available to permit statistical analysis of

various worker unit subgroups for this variable.

 

4No comparison between workers in different age subgroups could

be made because of insufficient data.
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Weather Conditions

Good weather conditions were hypothesized a priori to be the

most favorable for high performance by pickers. In this category

both high and low temperature extremes were excluded, wind velocity

was low, and there was no precipitation. The results of the statis-

tical analysis of the weather variable did not support the above

hypothesis. Good weather was found to be associated with lower

picking rates in both 1965 and 1966 for the average worker than were

other types of weather. In addition, picking rates for the average

worker in good weather were significantly different in both years

from rates during other weather conditions.

Pickers had higher productivity levels in bad weather than in

good weather in both 1965 and 1966 regardless of whether they had

less than two years of apple picking experience or whether they had

two or more years experience. Experienced pickers had faster picking

rates on the average in both years than did those with no more than

one year of apple picking experience when both types of pickers worked

under the same weather conditions regardless of the type. The inter-

action effect of weather conditions with worker unit experience did

not have the same sign in both years. In 1965, the productivity of

inexperienced workers under good weather conditions was reduced less

than was that of more experienced pickers in the same type weather.

A year later the data showed the productivity of inexperienced workers

to be reduced more in good weather than was the productivity of

pickers having two or more years of experience. The regression

coefficient for this interaction term was not significant in either

year, however.



Table 22.
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Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Weather Conditions Good

 

 

 

 

 

 

 

 

Model Year Variables

x7

(1) 1965 Coefficient -0.7l9

Standard Error 0.128

1966 Coefficient -0.719

Standard Error 0.271

x7 x7x17

(2) 1965 Coefficient -0.890 0.348

Standard Error 0.162 0.263

1966 Coefficient -0.405 -0.720

Standard Error 0.340 0.558

x7 x7x16

(3) 1965 Coefficient -0.829 0.112

Standard Error 0.224 0.271

1966 Coefficient -0.275 -0.623

Standard Error 0.429 0.542

x7 x7x20

(4) 1965 Coefficient -0.816 0.044

Standard Error 0.141 0.341

1966 Coefficient -0.822 1.080

Standard Error 0.283 1.021

x7x12 2x1; x7x14

(5) 1965 Coefficient -0.321 -0.960 -0.521

Standard Error 0.275 0.156 0.399

1966 Coefficient -0.732 -0.986 0.242

Standard Error 0.558 0.385 0.535

XZX15 XZX16 xelz

(6) 1965 Coefficient -0.767 -0.211 -0.763

Standard Error 0.159 0.488 0.245

1966 Coefficient -0.830 -0.976 -0.348

Standard Error 0.353 1.107 0.428

'X7X1§ XZX19 XZX20

(7) 1965 Coefficient -0.431 -0.686 -0.447

Standard Error 0.193 0.238 0.281

1966 Coefficient -0.312 -1.714 -0.597

Standard Error 0.324 0.573 1.514

 



120

Good weather was associated with lower productivity on the

average for all pickers in both 1965 and 1966 than was bad weather in

model (3). The productivity of pickers working alone was reduced less

in 1965 than was that of worker units consisting of two or more persons

when both sizes of picking units worked in good weather. But in 1966

the productivity of individuals was reduced more in good weather than

was the picking rate of larger sized picking units. The picking rates

of different sized picking units were not significantly different from

each other in either year, however, when both worked in good weather.

Although individuals were shown in model (1) to have higher product-

ivity levels on the average than larger sized picker units, in good

weather individuals had lower picking rates than the average of all

picking units working in bad weather.

Michigan residents had lower productivity levels than residents

of other states in both 1965 and 1966 regardless of whether they

worked in good or bad weather. The productivity of Michigan residents

was reduced less than that of nonresidents by good weather, however, in

both years. But the performance of Michigan residents was not signifi-

cantly different from that of nonresidents in good weather in either

year. When the productivity of nonresidents of Michigan under the

two weather categories was compared, picking rates were higher in bad

weather than in good weather in both years. But Michigan residents

did not perform consistently better under one type of weather in the

two years. In 1965 their picking rates were higher in bad weather,

while in 1966 their performance was better in good weather.

Model (1) indicated that workers aged 26-50 years old had higher

picking rates on the average in both 1965 and 1966 than either younger
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or older workers. But in both years pickers 26-50 years old had the

lowest productivity levels of the three age groups when all workers

were picking in good weather. The picking rates of this middle-aged

group in good weather were significantly less than those of the aver-

age worker in bad weather in both 1965 and 1966. Neither the younger

nor the older workers had picking rates significantly different in

good weather from the average worker in bad weather in either year.

The picking rates of the three age groups did not differ significantly

from each other in either year, however, when all three worked in good

weather. The relative productivities of the younger and older workers

in good weather were not the same in 1965 as in 1966.

Mixed male and female picking units had higher productivity

levels than all-male units in both 1965 and 1966 when both types of

units picked in good weather. This differs from what was found to be

true on the average for all conditions; in which case male units had

the highest productivity of the three types of picking units based on

sex. The productivity of female units was inconsistent in these two

years relative to that of the other two sex subgroups. In 1965 female

picking units had the highest productivity in good weather, while in

1966 their productivity was the lowest of the three sex subgroups in

this weather. Male picking units working in good weather had signifi-

cantly lower picking rates in both years than the average worker in

bad weather. Neither the female nor the mixed male and female units,

although having lower productivity in both years in good weather, had

picking rates significantly different in good weather from that of the

average worker under bad weather conditions in both years. The picking
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rates of the three sex subgroups in good weather did not differ Signi-

ficantly from each other in either 1965 or 1966.

All three ethnic groups observed in this study had lower picking

rates under good weather conditions than the average of all pickers

under the other weather condition in both 1965 and 1966. But only

colored workers had significantly lower picking rates in both years

in good weather than the average worker under other conditions. These

workers had the lowest productivity rates of the three ethnic types

in both years in good weather. White workers picked more bushels of

apples per hour in good weather than either of the other two ethnic

groups, while Mexican and Puerto Rican pickers held a median position

with reSpect to productivity under these weather conditions in both

years. The picking rates of the three ethnic subgroups did not differ

Significantly from each other in either year when they all worked in

good weather.5

There may be two possible explanations for the unexpected

empirical results of the analysis of the weather variable. First, the

determination of what constitutes "good" weather was made by Michigan

residents who were white. They may not have been aware of what was

considered ”good" weather by nonresident members of other ethnic

groups. This explanation tends to be supported by the empirical results

showing the productivity of Michigan residents to be reduced less in

both years by good weather than was the productivity of nonresidents.

It is also supported by the finding that white picking units had

faster picking rates in both years than either of the other two ethnic

 

5In 1966 the average picking rates of these three subgroups

did differ at the 0.105 level, however.
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subgroups when all subgroups were working under good weather conditions.

This was not found to be true on the average over-all conditions.

Another possible explanation may be that the sample of workers observed

under what were believed to be less favorable weather conditions was

not the same as the sample observed under more favorable conditions.

Those worker units observed under bad weather conditions may have been

only one segment of all workers observed--those who were regular

pickers with this activity as their sole means of support. The part-

time workers may have chosen not to pick under disagreeable weather

conditions. This may have also been true of women and children in

migrant worker units. Under this explanation the weather variable

would not have a direct influence on the performance of a given

individual, but would determine the make-up of the sample of workers

observed under different weather conditions.

Tree Spread

A negative relationship would be expected between worker unit

picking rates and tree spread Since increases in tree spread are

associated with increases in tree height and tree age. The proportion

of ladder time required in picking increases with tree height and more

movement of ladders around trees is required as tree Spread increases.

The analysis of this variable showed the productivity of the average

worker to be negatively related to the spread, or diameter of the

bearing surface, of the trees being picked in both 1965 and 1966. The

change in worker unit picking rates associated with a unit change in

tree Spread was significantly different from zero in only 1965, however.
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Table 23. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Tree Spread

Model Year Variables

.321.

(l) 1965 Coefficient -0.006

Standard Error 0.003

1966 Coefficient -0.107

Standard Error 0.097

x21 x21x17

(2) 1965 Coefficient -0.010 0.005

Standard Error 0.007 0.008

1966 Coefficient -0.075 -0.305

Standard Error 0.116 0.237

x21 X21X16

(3) 1965 Coefficient -0.008 0.001

Standard Error 0.021 0.021

1966 Coefficient -0.114 -0.090

Standard Error 0.196 0.232

X21 x21x20

(4) 1965 Coefficient -0.007 0.057

Standard Error 0.003 0.037

1966 Coefficient -0.288 0.442

Standard Error 0.126 0.263

x24x12 x24KB x24x14

(5) 1965 Coefficient -0.007 -0.007 0.042

Standard Error 0.008 0.003 0.045

1966 Coefficient 0.973 -0.020 -0.028

Standard Error 0.901 0.160 0.201

x24x15 X24X16 £33511

(6) 1965 Coefficient -0.008 -0.005 -0.005

Standard Error 0.003 0.005 0.023

1966 Coefficient -0.237 -16.246 -0.102

Standard Error 0.136 6.868 0.209

b b

X24x1§ X24Xl9 X24x20

(7) 1965 Coefficient singular omit -0.006

Standard Error 0.003

1966 Coefficient omit singular -0.046

Standard Error 0.715

 

matrix in the solution for regression coefficients in the year indicated.

 

b"Singular" indicates that the variable resulted in a Singular

The variable was dropped from the model for both years.



125

The interaction term of tree spread with worker unit experience

showed that the relationship between tree Spread and productivity for

workers with less than two years of experience was not significantly

different from this relationship for pickers with two or more years

of experience. The signs of the coefficients for this term in the two

years 1965 and 1966 were reversed and neither coefficient was signi-

ficant.

The Sign of the regression coefficient for the interaction term

between tree spread and unit Size was positive one year and negative

the next.6 The effect of tree Spread on the productivity of an

individual working alone was not significantly different from this

effect on pickers working in groups of two or more in either 1965 or

1966.

The influence of tree spread on the productivity of Michigan

residents was not as great as it was on nonresidents of Michigan. There

was a tendency in both years for the productivity of Michigan residents

to be reduced less by a given increase in tree spread than was the

productivity of nonresidents by the same increase in tree spread.7

The influences of tree spread on productivity for the three age

groups examined in this study were not Significantly different from

each other in either 1965 or 1966. The 26-50 year old age group was

the only one of the three groups which showed a consistent Sign for

the regression coefficient for both years. Productivity was negatively

 

6This coefficient was not significant in either year.

7The coefficient for this interaction term was significant at

less than or equal to the 0.12 level in both years.
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related to tree Spread in both years for this group, but the effect

of tree Spread on productivity was significantly different from zero

in only 1965. The signs of the regression coefficients for both the

younger and the older age groups were reversed in the two years

observed, but both of these groups had coefficients which did not

differ significantly from zero in either year.”

Worker unit picking rates were negatively related to tree

spread in both 1965 and 1966 for male, female, and mixed male and

female units. A given change in tree Spread had the smallest in-

fluence on the productivity of the mixed units in both years. The

effect of tree spread on productivity was not significantly different

from zero in either year for this group. Male picking units did

display changes in productivity which approached being significantly

different from zero in both years as a result of changes in tree

Spread.8 The effects of tree spread on productivity for the three

sex subgroups approached being significantly different from each other

in 1966, but not in 1965.9

A regression coefficient for the tree spread variable in model

(7) was calculated for only one ethnic origin subgroup.10 A negative

relationship existed between picking rates and tree spread for Mexican

and Puerto Rican units in both 1965 and 1966. The effect of tree

 

8In 1965 the tree spread coefficient was significantly different

from zero at the 0.025 level for this group and in 1966 the signifi-

cance level was 0.078.

9The tree Spread coefficients for these three subgroups were

significantly different at the 0.057 level in 1966.

10The data available did not permit the calculation of coefficients

for the white and colored subgroups.
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spread on productivity was not significantly different from zero in

eitheryear for these workers.

No significant differences in the productivity of workers in

different subgroups emerged from the analysis of the tree spread

variable. Michigan residents did, however, tend to show less of a

reduction in picking rates than did nonresidents to a given increase

in tree spread.

Ell-11$ flee

Fruit size would be expected to influence apple picking speed,

measured in bushels picked per hour, since more hand and arm movements

would be required in picking a bushel of small apples compared to

movements required in picking larger apples. Thus, picking speed

would be expected to decrease as apple size decreases. Model (1)

indicated that the average worker picked fewer bushels of apples per

hour in both 1965 and 1966 when picking smaller apples numbering at

least 176 per bushel than when picking apples numbering from 126 to

175 per bushel. The difference in the average worker's productivities

when picking apples in these two Size classes was significant in only

1966.

In 1965, the productivity of pickers with less than two years

of experience picking apples was decreased more than that of more

experienced pickers by working in trees producing small apples.

However, in 1966 the productivity of the less experienced pickers was

reduced less by picking small apples than was the productivity of

units having two or more years of experience. The picking rates of

the experienced and inexperienced workers were not significantly
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Table 24. Regression Coefficients and Standard Errors for Models (1)-

(7), 1965 and 1966, Fruit Size Over 175 Apples Per Bushel

W

 

Model Year Variables

X

23

(l) 1965 Coefficient -0.138

Standard Error 0.157

1966 Coefficient -2.369

Standard Error 0.363

X2; X2 3x17

(2) 1965 Coefficient -0.081 -0.398

Standard Error 0.184 0.303

1966 Coefficient -2.704 1.057

Standard Error 0.446' 0.763

_"_23_ 19219
(3) 1965 Coefficient 0.371 -0.831

Standard Error 0.253 0.306

1966 Coefficient -3.685 2.003

Standard Error 0.633 0.765

X23 £23320
(4) 1965 Coefficient -0.242 0.538

Standard Error 0.171 0.368

1966 Coefficient -2.286 1.921

Standard Error 0.364 3.067

Xg6X12 X26xl§ x26x14

(5) 1965 Coefficient 0.061 -0.274 0.036

Standard Error 0.340 0.189 0.419

1966 Coefficient -1.857 -1.811 -3.803

Standard Error 0.671 0.533 0.752

x2c3"15 x26xl6 x26x12

(6) 1965 Coefficient -0.433 0.059 0.334

Standard Error 0.195 0.529 0.270

1966 Coefficient -1.789 -1.016 -3.677

Standard Error 0.450 1.408 0.634

x2 6x1 § XZ§X12 ngxzob

(7) 1965 Coefficient 4.662 -4.852 omit

Standard Error 1.308 1.329

1966 Coefficient -2.623 -1.353 singular

Standard Error 0.417

 

 

 

"Singular" indicates that the variable resulted in a Singular

matrix in the solution for regression coefficients in the year indicated.

The variable was dropped from the model for both years.
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different in either year, however, when both types of units picked

apples numbering more than 175 per bushel. And experienced units

picked more bushels of apples per hour in both years than did units

having less than two years of experience when both types of units were

picking apples in the same size class regardless of whether they were

large or small. Model (1) also indicated that regardless of which

experience category a worker unit belonged to, it picked more bushels

of apples per hour when working with larger apples.

The Size of the picking unit had differing effects on product-

ivity in 1965 and 1966 when workers were picking apples numbering

more than 175 per bushel. The productivity of units consisting of

only one person was increased less in 1965, and decreased less in

1966, by picking small apples than was the productivity of units con-

taining more than one person. Even though units of these two sizes

differed in the above manner in these two years, the difference

between their picking rates when working with small apples was

significant in both years. Model (1) indicated that individual pickers

on the average had higher productivity in both 1965 and 1966 than units

of two or more persons. But individuals picking small apples had lower

picking rates in both years than the average of all workers picking

larger apples.

Picking small apples, those numbering more than 175 per bushel,

reduced the productivity of Michigan residents less than that of non-

residents of Michigan in both 1965 and 1966. But Michigan residents

and nonresidents did not have significantly different picking rates

in either year when both types of units picked small apples. Non-

residents did, however, have higher productivity levels than Michigan
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residents in both years when both types of workers picked apples in

the same size class regardless of whether they were large or small.

Nonresidents picked more bushels of apples per hour in both 1965 and

1966 when they were picking apples numbering 125-175 per bushel than

they did when picking smaller apples. But this was not the case with

Michigan residents. In 1965 residents picked more bushels of apples

per hour when the apples were classed as Small than they did when

picking large apples, while in 1966 the reverse was true.

Young workers had higher productivity levels than workers over

50 years old in both 1965 and 1966 when both age groups picked small

apples. The productivity of middle-aged workers relative to that of

the other two age groups was not consistent in these two years, how-

ever. In 1965 workers 26-50 years old had the lowest productivity

of the three age groups when all types of workers picked small apples,

but in 1966 these middle-aged workers had the fastest picking rates

in this Situation. The average productivity levels of the three age

groups when they all picked small apples were not significantly

different from each other in either year.11 In 1966 each of the

three age groups had picking rates Significantly lower when picking

small apples than the average of all workers picking apples numbering

125-175 per bushel. But in 1965 none of these subgroups had a picking

rate for small apples significantly different from that of the average

worker for larger apples.

 

11In 1966 these levels did approach being significantly dif-

ferent at the 0.05 level. They were significantly different at the

0.073 level.
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The picking rates of male, female, and mixed male and female

worker units were significantly different in 1966 when all three types

picked small apples and in 1965 these rates approached being Signifi-

cantly different at the 0.05 level in this Situation.12 Only the

male units and female units had productivity levels which were con-

sistent relative to each other in both years, however. When workers

were picking small apples numbering more than 175 per bushel, female

worker units had faster picking rates than male units in both years.

The performance of the mixed male and female units was not consistent

in these two years relative to that of the other two types of units

when small apples were being picked by all workers. Mixed units had

the highest productivity in 1965, and the lowest in 1966, in this

situation. When male units picked small apples their productivity

was significantly lower in both years than that of the average unit

picking larger apples. Female units picking small apples did not

differ significantly in productivity from the average unit picking

larger apples in either year.

Coefficients for only two ethnic groups were calculated for

the case in which small apples were being picked.13 White pickers had

productivity levels Significantly different from those of colored

workers in 1965, but not in 1966, when both types were picking small

apples. The performance of white pickers relative to that of colored

pickers was not the same in both years, however, in this situation.

 

12These units had productivity levels significantly different

at the 0.064 level in 1965 when picking small apples.

13The data available did not permit the calculation of a

coefficient for Mexican and Puerto Rican workers in this situation.
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In 1965 white pickers had faster rates than colored workers when both

types of units picked Small apples, but in 1966 this relationship was

reversed. The Sign of the regression coefficient for white units

picking small apples was not the same in 1966 as it was in 1965. But

in both years these workers in this situation had picking rates signifi-

cantly different from those of the average unit picking larger apples.

Colored units had rates lower in both years than those of the average

picker working with large apples, when they picked smaller ones, and

in 1965 their rates were significantly lower.14

The analysis of the fruit Size variable produced two types of

worker unit subgroup categories which showed significant differences

between worker subgroups. Pickers working alone had significantly

faster picking rates than units consisting of two or more pickers in

both 1965 and 1966 when small apples were being picked by units of

both sizes. There does not seem to be any apparent reason for the

above result stemming directly from worker unit size. However, the

baCkground of the pickers working alone may have been different with

respect to age, sex, experience, and other factors which do display

some relationship to productivity. There may have been some tendency

for families to work as units. To the extent that this is true one

would expect the units containing two or more workers to be younger

and less experienced on the average due to the presence of children.

Both age and experience are Shown in this study to have an effect on

productivity. The other significant difference between subgroups of

 

14The rates of the colored units approached being Significantly

lower in both years, but in 1966 they differed only at the 0.062 level.
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workers appeared with respect to worker unit sex. The result Showing

female units to have higher productivity levels than male units when

both types of units were picking small apples can probably be explained

by females having more nimble fingers and more experience at close,

fine work such as sewing. One other consistent difference with respect

to productivity was present between worker unit subgroups in the

analysis of the fruit size variable, but a statistically significant

result was not found. Workers less than 26 years old picked more

bushels of apples per hour than workers over 50 years old in both

1965 and 1966 when both age subgroups were picking small apples. The

quickness of the younger workers compared to older ones may explain

this result.

3mm

The relationship of tree age, topography of orchard, weather

conditions, tree spread, and fruit size to worker productivity picking

apples was discussed in this chapter. These five variables were

classed as not being directly controlled by the farm operator. They

were analyzed both individually and in interaction terms with worker

unit characteristics.

A negative relationship was found on the average between the

age of a tree being picked and the productivity of workers harvesting

apples. A given increase in tree age decreased the productivity of

middle-aged workers more than it decreased the productivity of older

workers.

Pickers working in hilly orchards harvested fewer bushels of

apples per hour than did pickers working in level to gently rolling

ones on the average.
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Contrary to expectations, the productivity of the average

picker in good weather was lower than his productivity in bad weather.

This relationship held regardless of whether workers had less than

two years of experience or whether they were more experienced. The

productivity of Michigan residents was reduced less by working in

good weather than was the productivity of nonresidents working under

the same weather conditions. And pickers 26-50 years old had slower

picking rates than either of the other two age subgroups when all

pickers were working under good weather conditions, even though they

were the most productive of the three subgroups on the average. The

relative productivity of the three sex subgroups in good weather also

differed from that found on the average. Mixed male and female units

were faster pickers in good weather than all-male units. In good

weather white workers picked more bushels of apples per hour than

either of the other two ethnic subgroups; while colored workers were

the least productive ethnic group in this situation.

Apple picking productivity was negatively related to the

Spread of trees being picked for the average worker. The reduction

in the picking rates of Michigan residents caused by a given increase

in tree Spread was less than the reduction in the rates of nonresidents.

And mixed male and female units suffered the smallest decrease in

picking speed among the three sex subgroups as a result of a given

increase in tree spread.

A positive relationship existed between the Size of apples

being picked and worker productivity for the average picker, i.e.,

more bushels of apples were picked per hour when picking large apples
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than when picking small ones. The productivity of pickers working

alone was higher than that of pickers working in groups when only

Small apples were being picked. And the productivity of Michigan

residents was reduced less by picking small apples than was the

productivity of nonresidents. In contrast to the average picking

rates of male worker units and female worker units over-all situations,

female units were more productive than male units when only small

apples were being picked.



CHAPTER VII

PRODUCTIVITY DIFFERENCES BY

WORKER UNIT SUBCLASSES

A discussion of the empirical relationships found between selected

variables and the productivity of workers picking apples on a piece-

rate system was presented in Chapters IV, V and VI on a variable-by

variable basis. This chapter summarizes the results of the regression

analyses of worker productivity on a model-by-model basis. A detailed

analysis of each variable included in the seven regression models used

will not be repeated here. Rather, a discussion of the number and types

of variables which were significantly related to worker productivity or

showed a consistent relationship to productivity in both 1965 and 1966

will be presented in this chapter. Particular attention will be given

to the results of the subgroup analyses utilized in this study which

were designed to identify differential rates of productivity among

selected subgroups of workers in the picking situations observed. The

subgroups analyzed in this study were set up on the basis of the experi-

ence, size, residence, age, sex, and ethnic origin of the worker units

for which data were collected.

Eeéelil).

The regression coefficients estimated for model (1) in both 1965

and 1966, and the standard errors of these coefficients, are presented

in Table 25. This model did not contain any interaction terms so no

inferences can be drawn about differing relationships between worker

136



137

Table 25. Regression Coefficients and Standard Errors, Model (1),

1965 and 1966

  

 

1965 1966

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

Constant 14.845 1.046 23.031 3.485

X1 -0.086 .202 -l.696 1.666

X2 -0.046 .005 -0.059 .037

X3 -0.235 .251 .731 1.413

X4 .464 .209 -0.223 1.057

X5 -0.938 .185 -4.500 .978

X6 .743 .647 ' .675 1.191

X7 -0.719 .128 -0.719 .271

X8 -0.l74 .025 -2.137 5.420

X9 .478 .214 -l.253 1.159

X10 .728 .173 -2.823 1.592

X11 1.343 .318 .440 .515

X12 -0.424 .162 -1.290 .296

X13 -2.007 .218 -1.621 .302

X14 -l.651 .253 -l.276 .572

X15 -l.281 .317 -l.402 1.147

X16 1.292 .296 . .184 1.117

X17 -2.093 .148 -0.517 .284

X18 -1.181 .182 1.174 1.223

X19 .146 .205 -0 .365 .571

X20 -l.005 .180 -0.301 .411

X21 -0.006 .003 -0.107 .097

X22 -0.l82 .185 .263 1.188

x23 -0.138 .157 -2.369 .363
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unit productivity and the independent variables of model (1) for worker

unit subclasses. A picture of the types of variables which show a

significant and/or consistent relationship to picking unit productivity

in the two years studied can be obtained, however.

The independent variables in model (1) explained only about 19

percent of the variation in apple picking rates of worker units

observed in 1965.1 In 1966 about 25 percent of this variation was

explained by the independent variables in model (1).2 Although the

amount of variation in apple picking rates explained by model (1) was

relatively low in both 1965 and 1966, several variables did diSplay

a consistent relationship to worker productivity in both years. The

Signs of the regression coefficients for 16 of 23 independent variables

in model (1) were consistent in the two years studied. Seven of the

variables which displayed consistent regression coefficient signs

were in the category of "people" variables. An additional five of

these variables were designated as "not controlled by operator." The

remaining four variables showing consistent signs were assumed to be

"controlled by operator." The direction of the influence of an

independent variable on worker productivity was questionable in seven

of the above 16 cases. In these seven cases the standard error of the

coefficient was larger than the coefficient itself in at least one of

the two years for which this model was fitted. A fair degree of con-

fidence may be placed in the direction of the influence of the

 

1'R, the multiple correlation coefficient, was 0.4368 for

model (1) in 1965.

2In 1966 the coefficient of multiple correlation, R, was

0.4990 for model (1).
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independent variables on productivity for the remaining nine variables

because their regression coefficients were larger than the associated

standard errors in both years for model (1).

Only one of the nine variables which had regression coefficients

of the same Sign in both years, and for which the standard errors of

the coefficients were smaller than the coefficients in both years, was

designated as being "under operator control". This variable indicated

the type of market that apples were being picked for. Picking apples

to be sold on the retail market as fresh fruit significantly reduced

apple picking rates in both years below rates achieved when apples were

being picked for processing.3 Therefore, if harvest labor is in short

supply growers should consider more than the addition to price per

bushel which the retail market may provide. The possible loss of a

portion of the crop when picking apples for the retail market due to

slower picking rates should also be considered when choosing a market

outlet.

Among those variables which had the same regression coefficient

signs in both years in the variable class "not controlled by operator"

only the variables of tree age, weather conditions, and tree spread

had regression coefficients which were larger than the standard errors

of these coefficients in both years. Weather conditions was the only

one of these three variables which was significantly related to worker

productivity in both years. Picking in "good" weather reduced pro-

ductivity in both 1965 and 1966 significantly bEIOW'What it was in

 

3This reduction was significant at less than the 0.0005 level

in both years.
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weather classed as "bad".4 The weather variable would not be a factor

which the grower could manipulate in the operation of his orchard.

However, the age of trees and tree spread, although not significantly

related to productivity in both years, should be factors to consider

in long range planning. Both of these variables appear to be negatively

related to worker productivity in apple picking.5

The "people" variable category contained the largest number of

variables having standard errors for regression coefficients which were

smaller than the coefficients themselves in addition to consistent

regression coefficient signs. These two properties were diSplayed by

worker units which were less than 26 years old, over 50 years old, in

the female sex category, in the mixed male and female sex category, and

in the less than two years of experience class. The worker units in

either the young or the old age range had Significantly lower picking

rates in both years than those in the middle age range.6 Female worker

units had significantly lower productivity in both years than units in

7
the male sex category. In addition, inexperienced worker units ape

proached having Significantly lower picking rates than units with two

 

4This reduction was significant at least at the 0.008 level in

both years.

5It should be kept in mind that statistical significance does

not necessarily imply an economically significant difference. Nor

will a difference which is economically important necessarily Show up

as statistically significant.

6The younger workers had significantly lower rates at least at

the 0.009 level in both years while the older units had significantly

lower rates at least at the 0.0005 level in both years.

7Significantly lower at least at the 0.025 level in both years.
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or more years of experience in both years.8 The picking units of mixed

male and female sex had lower productivity than all-male units in both

years, but the productivity levels for these two sex groups were signi-

ficantly different in only one year. These results suggest that growers

who have the opportunity Should consider the age, sex, and experience

of workers in the selection and recruitment of piece-rate harvest labor

if timeliness in harvesting is of importance to them.

Model (2)

The number of years of experience a worker unit had picking

apples was used as a basis for the interaction terms included in model

9 This model was designed to permit the identification of differ-(2).

ences which might exist in the relationship between the independent

variables of the model and worker productivity for the two subgroups

of workers based on apple picking experience. 'Model (2) explained

approximately 20 percent (R = 0.4476) of the variation in the apple

picking rates of workers in 1965 and in 1966 about 29 percent (R = 0.5357)

of this variation was accounted for by this model. The regression

coefficients obtained for model (2) and the Standard errors of these

coefficients are presented in Table 26.

Experienced worker units, those having picked apples in two or

more previous years, were found to have faster apple picking rates than

 

8This difference was significant at less than the 0.0005 level

in 1965, but in 1966 it was significant at only the 0.065 level.

9The variables included in model (2) are given on Page 31 in

Chapter III.
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Table 26. Regression Coefficients and Standard Errors, Model (2),

1965 and 1966

 

 
 

 

Regression Standard Regression Standard

gariaple Coefficient Error Qoefficient Error

Constant 15.535 1.139 24.019 3.851

X1 -0.793 .204 -l.294 1.743

X2 -0.039 .006 -0.086 .042

X3 -0.024 .273 .973 1.445

Xh .648 .209 .059 1.095

X5 -0.873 .188 -4.654 .986

X6 .058 .689 1.282 1.243

X7 -0.890 .162 -0.405 .340

Kg -0.163 .030 -6.828 6.286

X9 .234 .252 -1.959 1.337

X10 .585 .173 -3.059 1.737

X11 1.186 .367 1.348 .675

X12 -0.967 .242 -l.590 .427

X13 -2.501 .244 -1.444 .387

X14 -1.703 .324 -1.156 .638

X15 -1.292 .328 -l.381 1.175

X16 1.469 .347 .243 1.136

X17 '1-049. 1.402 -4.706 6.850

X13 -1.619 .224 .404 1.340

X19 .162 .279 -0.380 .670

X20 -1.311 .208 -0.632 .512

X21 -0.010 .007 -0.075 .116

X22 -0.307 .225 .157 1.352

X23 -0.081 .184 -2.704 .446

x1X17 * *
X2X17 -0.024 .013 .199 .103

XBX17 '0.121 .344 .014 2.842

x4X17 * *

£2?” : :

X7Xi; .348 .263 -0.720 .558

X8X17 -0.101 .053 16.677 13.162

X9X17 .665 .456 .1.433 3.030

x10x17 * *
X11X17 .348 .728 ‘2.967 1.148

X12X17 1.099 .327 1.105 .625

X13X17 2.097 .560 -0.106 .794

X14X17 “0.022 .520 1.320 2.049

x x * *

15 17

X16X17 -0.480 .292 -0.552 .752

X18X17 1.206 .394 1.301 3.637

X19X17 .500 .416 -1.419 2.079

X20X17 1.449 .447 1.515 1.090

X21X17 .005 .008 -0.305 .237

X22X17 .702 .373 .645 3.356

X23X17 '0.398 .303 1.057 .763

_ 

*No regression coefficient was calculated.
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inexperienced units in both 1965 and 1966 in nine of 13 situations

analyzed in which the independent variable representing the situation

in model (2) was entered as a zero-one "dummy" variable (see Table 27).

However, none of the interaction terms of model (2) were significant.

This result indicates that the relationship between the explanatory vari-

ables observed in this study and worker productivity did not differ for

different subgroups of workers based on their experience picking apples.

Having less than two years of apple picking experience--variable

X17 in model (2)--tended to reduce apple picking rates in both 1965 and

1966, but this variable was not significant in either year. In Table

27, experienced units are shown to have had higher productivity levels

than inexperienced units among female workers, pickers who worked alone,

and worker units of Mexican or Puerto Rican ethnic origin. Experienced

pickers are also shown to have higher productivity in both years when

picking well-pruned trees, when no bonus was paid to workers, when metal

picking equipment was used, and when trees over 18 feet tall were being

picked. In good weather and when small apples numbering over 175 per

bushel were being picked, model (2) also showed experienced workers to

pick more bushels of apples per hour than inexperienced ones.

Four situations represented by zero-one variables did not Show

worker units in one of the experience subclasses to have higher product-

ibity in both the years 1965 and 1966. The variables representing these

four situations were 1) worker age less than 26 years, 2) worker age over

50 years, 3) colored ethnic origin, and 4) resident of Michigan. Six

situations represented by zero-one variables could not be analyzed in

this manner because the necessary regression coefficients were not

calculated.
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Table 27. Summary of Performance of Experienced and Inexperienced

Worker Units for Various Situations Represented by Zero-

One Variables, 1965 and 1966, Model (2)

  

Picking Rate of Experienced

Units Minus Picking Rate

0 I ex erie ced U its

Situation 1965 1966

 

People Zagiables

Worker age less than 26 years -0.050 3.601

Worker age over 50 years -l.048 4.812

Female sex 1.071 3.386

Mixed male and female sex * *

Unit size one person 1.529 5.258

Colored ethnic origin -0.157 3.405

Mexican or Puerto Rican ethnic origin .549 6.125

Michigan resident -0.400 3.191

yariables Upde; Qperator Control

Stems on all apples * *

Tree pruning (well pruned) 1.170 4.692

Tree pruning (some to moderate pruning) * *

Picking for retail market * *

No bonus payment .384 3.273

Close supervision * *

Metal picking equipment .701 7.673

Tree height over 18 feet .347 4.061

W

Level to gently rolling topography * *

Good weather conditions .701 5.426

Fruit size over 175 apples per bushel 1.447 3.649

 

*No comparison could be made because appropriate regression

coefficients were not calculated.
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Three variables in model (2) were entered as continuous variables.

None of the interaction terms with worker unit experience for these

three: tree age, rate of pay, and tree spread; had consistent regression

coefficient Signs for the two years data analyzed in this study.

The results of model (2) indicate that worker units having more

than one year of apple picking experience tend to have faster apple

picking rates than units having no more than one year of experience.

This seems to be the case both as an average over all conditions and

within a majority of the Situations analyzed in model (2). Experienced

pickers harvested more bushels of apples per hour in both years in all

the situations analyzed in model (2) except four. In these four situa-

tions one experience subgroup did not have the fastest picking rates in

both years. Although none of the interaction variables in this model

‘were significant in both 1965 and 1966, indicating that none of the

relationships between the independent variables in the model antlworker

productivity were significantly different for the two experience sub-

groups in both years, the consistency of the performance of experienced

pickers over inexperienced ones seems a justifiable basis for recommend-

ing that experience be considered in the selection of harvest labor.

Model (31

The regression coefficients obtained for model (3) and the

standard errors of these coefficients are given in Table 28. This

‘model was designed to permit the indentification of differences which

might exist in the relationship between the explanatory variables of

the model and worker productivity for two worker unit size subgroups.10

 

10The variables included in model (3) are given on Page 31 in

Chapter III.
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Table 28. Regression Coefficients and Standard Errors, Model (3),

1965 and 1966

  

 
 

 

1965 1966

Regression Standard Regression Standard

Variable, Coefficient Error Coefficient Error

Constant 15.148 1.011 28.323 3.867

X1 -0.794 .203 -4.505 2.965

X2 -0.053 .010 .055 .062

X3 -0.211 .250 -1.664 1.669

X4 .525 .207 -0.858 1.195

X5 -1.250 .302 -13.738 5.939

X6 1.018 .657 -1.289 1.318

X7 -0.829 .224 -0.275 .429

X8 -0.217 .036 20.572 7.659

X9 .567 .216 -0.146 1.309

X10 .003 .280 .333 2.221

X11 1.497 .624 -1.439 .984

X12 -0.028 .277 -1.l73 .521

X13 -2.132 .399 -1.012 .564

X14 -1.097 .650 5.766 2.362

X15 -0.827 .369 -0.452 1.518

x * *

Xi; -1.882 .248 -0.843 .492

X18 -0.884 .339 -0.665 3.572

'X19 .084 .311 -0.297 .730

X20 .262 .378 -0.843 .713

.X21 -0.008 .021 -0.114 .196

X22 -0.236 .299 -3.100 3.139

X23 .371 .253 '3.685 .633

x x * *

.X:Xi2 .014 .012 -0.064 .079

$16 : I
XSXig .654 .364 10.299 5.968

X6X16 * *
X7X16 .112 .271 -0.623 .542

X8X16 .063 .039 -42.602 11.017

x9xl6 * *

X10X16 .939 .342 -0.946 1.372

X11X16 -0.339 .696 2.396 1.159

X12X16 '0.580 .342 ‘0.266 .635

X13X16 .063 .477 -0.925 .676

X14X16 -0.543 .709 -6.949 2.436

15x16 * *
X17X16 -0.334 .305 .687 .618

X18X16 -0.224 .385 1.429 3.836

X19X16 .443 .409 2.256 1.248

X20X16 “1.714 .433 1.330 .917

X21X16 .001 .021 “0.090 .232

X22X16 .107 .368 4.085 3.599

X23X16 -0.831 .306 2.003 .765

  
 

*No regression coefficient was calculated.
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The independent variablesof model (3) explained about 20 percent

(R = 0.4491) of the variation in the productivity of apple pickers in

1965. One year later, this model accounted for approximately 31 percent

(R = 0.5572) of the variation in worker productivity. Because of

problems with singularity, model (3) was fitted with the picking unit

size variable omitted. This variable was included in the various

interaction terms of the model, however. The omission of the above

variable did not permit interpretation of model (3) in the same manner

as models (2) and (4). Statements about the levels of picking rates

for units in the two size subclasses under various situations could

not be made based on model (3). Some inferences about the rates of

change in picking rates associated with picking unit size can be made,

however.

As mentioned above, the effect of the picking unit size variable

(X15) was not estimated in model (3). However, in both models (1) and

(2) workers picking alone had faster picking rates in both 1965 and 1966

than workers picking in groups. But the worker unit size variable was

significant in only one year in both models. Consistent results for the

years 1965 and 1966 were only found in three situations represented by

zero-one ”dummy" variables in model (3) when the interaction terms of

this model were examined. These three situations were: 1) picking for

retail market, 2) worker age less than 26 years, and 3) tree height

over 18 feet. An additional ten variables of the zero-one type did not

give consistent results with reSpect to the interaction terms in the

'worker unit size subgroup analysis. Picking apples for the retail

'market tended to reduce the average productivity of workers in both
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years compared to picking apples to be processed. But the productivity

of individuals picking apples for the retail market was not reduced

as much in either year as was the productivity of units of two or more

persons picking for this market.11 Model (3) showed young workers less

than 26 years old to have lower picking rates than workers 26-50 years

old. The productivity of young workers picking alone was reduced even

more than was the productivity of two or more pickers working together

in this young age group. Working in trees over 18 feet tall tended to

reduce the productivity of all workers in both 1965 and 1966 compared

to their productivity in shorter trees. Picking in tall trees did not

reduce the picking rates of individual pickers in either year as much

as it did the rates of workers in groups of two or more, however.

None of the three situations represented in model (3) by contin-

uous variables displayed consistent results for the interaction term

with worker unit size in the two years studied.

With the exception of the one interaction term mentioned above

which approached being significant in both 1965 and 1966 the results of

model (3) indicate that picking unit size, as measured in this study,

was not related to apple picking rates. The one interaction term which

approached significance in both years suggests that growers who market

apples as fresh fruit should consider separating all workers so that

they pick alone if they wish to complete the harvest in the shortest

possible time period. Some caution should be used in the interpretation

 

11The variable for the interaction between picking apples for the

retail market and picking unit size approached being significant at the

0.05 level in both 1965 and 1966. In 1965 it was significant at the

0.069 level and in 1966 it was significant at the 0.081 level.
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of this interaction variable, however. The sample of workers used in

this study was not stratified to insure that worker units in all age,

sex, and experience categories would be uniformly represented in both

picking unit size categories. It is possible that a random distribution

of units in all age, sex, and experience categories was not present in

the two unit size categories observed. For example, groups of workers

might have had a higher proportion of female workers and young workers

than did the workers in the individual size class as a result of family

units tending to pick together. Both of these factors, being female

and being young, have been shown in model (1) to reduce apple picking

rates. It is possible that the picking unit size variable in model (3)

is reflecting the influence of some factor other than the number of

pickers who worked together. In any case, growers who choose to separ-

ate workers so that they pick alone should be no worse off and some

increase in picking rates might be observed if apples are being picked

for the retail market.

Mill).

This model was constructed using the residence of the worker

units in interaction terms in an attempt to discover differences in the

relationship between the independent variables in the model and apple

12 The
picking rates for residents and nonresidents of Michigan.

regression coefficients obtained for this model in 1965 and 1966 along

with the standard error for each coefficient are contained in Table 29.

Model (4) explained about 20 percent (R = 0.4495) of the variation

 

The variables included in model (4) are given on Page 32 in

Chapter III.
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observed in apple picking rates in 1965 and in 1966 approximately 29

percent (R = 0.5366) of the observed variation in the dependent variable

was accounted for by the independent variables in this model.

The interaction effects of worker unit residence with several

of the variables in this model were consistent for the two years observed

in this study. However, the regression coefficient for only one of these

interaction variables--female sex interacted with Michigan resident--

was significant in both 1965 and 1966.13 Worker units who were non-

residents of Michigan did have consistently higher picking rates than

those who were Michigan residents in both 1965 and 1966 in all 12

situations represented by zero-one variables for which a comparison was

possible (see Table 30).

Models (1), (2), and (4) show Michigan residents (variable X20)

to have had slower apple picking rates in both 1965 and 1966 than non-

residents of Michigan. However, none of these models indicated that

the picking rates of residents were significantly different from those

of nonresidents in more than one of the years for which the model was

fitted. Even though the residence variable considered alone did not

show the productivity of residents and nonresidents of Michigan to be

significantly different in both years in these models, nonresidents of

Michigan consistently displayed faster picking rates than Michigan

residents in every situation examined in model (4). Faster picking

rates were diSplayed in both years by nonresidents among: 1) the age

 

13This variable, while significant at the 0.05 level in 1966,

was actually only significant at the 0.055 level in 1965.
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Table 29. Regression Coefficients and Standard Errors, Model (4),

1965 and 1966
 

 

 

  

 

11965 i, 1966

Regression Standard Regression Standard

yagiable Coefficient Error Coefficient Error

Constant 14.813 1.162 16.453 4.480

X1 -0.736 .203 .522 1.879

X2 -0.050 .006 .006 .045

X3 ‘ -0.142 .253 .399 1.417

X4 .636 .210 1.149 1.186

X5 -0.863 .187 -4.065 .982

X5 .372 .662 .006 1.251

X7 -0.816 .141 -0.822 .283

X3 -0.145 .030 -0.659 5.592

X9 .221 .243 1.209 1.371

X10 .568 .174 1.205 1.908

X11 1.116 .358 .252 .608

X12 -0.376 .169 -1.201 .309

X13 -1.826 .285 -1.258 .336

X14 -2.145 .331 -1.711 .592

X15 -1.348 .351 1.203 1.875

X16 1.495 .330 2.419 1.840

X17 -2.309 .163 -0.580 .307

X13 -1.088 .191 3.614 1.366

X19 .485 .216 1.250 .810

X20 -1.909 1.790 -14.834 10.556

X21 -0.007 .003 -0.288 .126

X22 -0.052 .197 2.968 1.400

X23 -0.242 .171 -2.286 .364

X1X20 * *

X2X2o .022 .019 -0.022 .108

X3X20 * *

Xaxzo * *

X5X20 * *

x6X20 * *

X7X20 .044 .341 1.080 1.021

ngzo -0.128 .054 7.297 34.038

X9X2o 1.561 .509 5.982 4.142

X10X20 * *

X11X2o 1.661 .844 .760 1.783

X12X20 -1.307 .592 .066 1.267

X13X2o -0.490 .453 -1.450 1.221

X14X2o 1.037 .548 7.406 2.938

X15X2o .438 .876 -0.222 2.931

X15X2o -1.286 .775 1.972 2.904

X17X2o 1.483 .435 1.238 .912

X18X20 * *

X19X2o -2.451 .939 5.855 3.909

X21X2o .057 .037 .442 .263

X22X2o -0.353 .496 -8.391 3.227

X23X2o .538 .368 1.921 3.067

 

*No regression coefficient was calculated.
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Table 30. Summary of Performance of Michigan Resident and Nonresident

Worker Units for Various Situations Represented by Zero-One

Variables, 1965 and 1966, Model (4)

W

Picking Rate of Nonresident

Units Minus Picking Rate

of Resident Units

Situation 1965 1966

 

Pegple Va;1ahles

Worker age less than 26 years 3.216 14.768

Worker age over 50 years 2.399 16.284

Female sex .872 7.428

Mixed male and female sex 1.470 15.050

Unit size one person 3.195 » 12.860

Experience less than two years .426 13.596

Colored ethnic origin * *

Mexican or Puerto Rican ethnic origin 4.360 8.979

Variables Under Operator Cogtrol

Stems on all apples * *

Tree pruning (well pruned) * *

Tree pruning (some to moderate pruning) * *

Picking for retail market * *

No bonus payment .348 8.852

Close supervision * . *

Metal picking equipment .248 14.074

Tree height over 18 feet 2.262 23.225

yagiables Not Controlled by Qperator

Level to gently rolling topography * *

Good weather conditions 1.865 13.754

Fruit size over 175 apples per bushel 1.371 12.913

 

* O O

No comparison could be made because appropriate regression

coefficients were not calculated.
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group less than 26 years old, 2) workers over 50 years old, 3) female

worker units, 4) mixed male and female units, 5) units consisting of

only one person, 6) workers with less than two years of apple picking

experience, and 7) units of Mexican or Puerto Rican ethnic origin.

Nonresidents of Michigan also had higher productivity levels in both

years when: 1) no bonus was paid to workers, 2) using metal picking

equipment, and 3) working in trees over 18 feet tall. Finally, non-

"
l

residents had faster picking rates than.Michigan residents in both

years in good weather and when small apples were being picked--those

‘
m

r i

numbering over 175 per bushel. The productivities of residents and

nonresidents could not be compared in seven situations represented by

zero-one "dummy" variables in model (4) because the necessary regres-

sion coefficients were not calculated.

Only one of the three variables in model (4) which were entered

as continuous variables had consistent regression coefficient signs for

the interaction with worker unit residence in the two years 1965 and

1966. The productivity of Michigan residents was decreased less by an

increase in tree spread in both years than was the productivity of non-

residents. The interactions of tree age and rate of pay with worker

unit residence did not have consistent effects in the two years observed.

Seven zero-one variables, including the female sex variable

previously mentioned as being significant, had consistent interaction

effects with the worker unit residence variable in this modelin both

years for which the model was fitted. A total of eight variables in

this model had consistent interaction effects with worker unit residence

when the continuous variable, tree spread, was included. The picking
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rates of workers over 50 years old were reduced more in both years if

they were residents than if they were nonresidents. Being a resident

of Michigan was associated with less of a reduction in the productivity

of female units in both 1965 and 1966 than was being a nonresident.

The productivity of an inexperienced picking unit was reduced less in

both of these years if it was from Michigan than if it was from some

other state. The absence of any bonus payment was associated with more

of an increase in the productivity of residents than in the productivity

of nonresidents in both 1965 and 1966. Michigan residents had their

productivity increased more in each year by using metal picking equip-

ment than did nonresidents. Working in good weather had the effect of

reducing the picking rates of residents less in both years than those of

nonresidents. And, finally, when small apples were being picked, the

productivity of Michigan residents was reduced less than was the

productivity of residents of other states in both 1965 and 1966.

The regression coefficients for four of the interactions of

zero-one variables with worker unit residence in model (4), in addition

to that of the tree spread variable, were larger than their standard

errors in both years. This indicates with a fair degree of confidence

that the influence of these five variables on the picking rates of

Michigan residents was different than their influence on the picking

rates of nonresidents. The four "dummy" variables included in interac-

tion terms with worker unit residence which had regression coefficients

which were larger than their standard errors in both years were:

1) worker age over 50 years, 2) female sex, 3) less than two years of

apple picking experience, and 4) no bonus payment.
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The dominant finding throughout the analysis of model (4) is

that workers who were not residents of Michigan picked more bushels of

apples per hour than did workers who were Michigan residents. This was

true regardless of the conditions under which apples were being picked.

This finding suggests that apple growers should hire residents of

states other than Michigan for apple harvesting if they have a choice

between residents and nonresidents and speed in harvesting is a critical

factor. This recommendation should not be generalized beyond the sample

of workers observed in this study, however. For the most part, the

nonresident workers observed in this study were professionals at

harvesting fruit and vegetable crops. This type of work was their

main or sole source of income. One should not conclude that any non-

resident worker would be preferable to a worker from Michigan regardless

of his experience, sex, age, or ethnic origin.

One other notable result of model (4), in contrast to those of

models (2) and (3), is that in five situations there was a tendency

for workers in the two residence classes to be influenced differently

by the variables representing these situations in the regression

‘model. This indicates that the worker unit residence variable tends

to exhibit differential predictability in five situations. The

statistical evidence to support this result is not as conclusive as

one would like in four of the five cases. However, the same results

in two different years tend to add some additional support to the

above findings.
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119511112.

The productivity of worker units in three age subclasses under

various situations was examined in model (5).14 The regression

coefficients obtained for this model in 1965 and 1966 are given in

Table 31 along with the standard error of each coefficient. In 1965,

model (5) explained about 20 percent of the variation observed in

15
apple picking rates. Approximately 31 percent of this variation

was accounted for by model (5) in 1966.16 None of the variables

included in model (5) had age subgroup regression coefficients which

were significantly different from each other in both years for which

this model was fitted.17

Workers who were 26-50 years old had significantly higher

productivity levels in both 1965 and 1966 than workers in either

younger or older age classes according to model (1). But the results

of model (5) did not show middle-aged workers to have the fastest

picking rates of the three age subgroups in both years in all situa-

tions. In fact, workers 26-50 years old had the fastest picking rates

in both 1965 and 1966 in only three situations in model (5) which were

represented by zero-one variables (see Table 32).

 

14The variables included in model (5) are given on Page 36 in

Chapter III.

15

R, the multiple correlation coefficient, was 0.4524 for this

'model in 1965.

The multiple correlation coefficient, R, was 0.5537 for

model (5) in this year.

17This was true even at the 0.10 level of significance.
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Table 31. Regression Coefficients and Standard Errors, Model (5),

1965 and 1966

 

  

 

1965 1966

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

Constant 15.353 .936 23.830 3.842

X1X12 -0.604 .384 -1l.329 20.671

X1X13 -0.840 .261 -2.841 2.388

x x * *

xéxi‘z’ -0 .060 .010 .376 .604

XZX13 -0.045 .007 -0.131 .064

XZX14 -0.028 .020 .030 .087

X3X12 -0.758 .523 -29.970 22.160

X3X13 .077 .308 1.131 1.818

x x * *

xeilz‘ .274 .441 -25 .412 16.716

X4X13 .722 .252 -1.064 1.640

x4x14 * *
XSXIZ -0.777 .393 -6.853 2.452

XSX13 -0.918 .225 -3.408 1.168

x x * *

x24: =~ *
X6X13 .386 .646 1.100 1.451

x6xl4 * *
X7X12 -0.321 .275 -0.732 .558

X7X13 -0.960 .156 -0.986 .385

X7X14 -0.521 .399 .242 .535

X8X12 -0.183 .046 2.035 24.539

sz13 -0.173 .029 -8.305 7.450

X8X14 -0.238 ’ .053 -4.994b 10.431

ng12 .386 .424 -3.014b 9.262

ng13 .647 .278 .019b 1.531

X9X 4 .0763 .548 -7.100 2.772

X10 12 1.3278 .379 -4.202 4.232

XIOX13 .4863 .207 -3.558 2.356

XIOX14 -0.353 .508 -6.274 2.412

X11X12 1.198 .944 -O.817 1.390

an13 1.320 .383 -0.205 .926

an14 -0.559a .880 1.271 .951

X16X12 -1.818a .533 -9.348 8.641

X16X13 -2.0948 .326 -1.666 .869

X16X14 .522 .812 -0.457b 1.543

Xux12 -2.279 .567 5.079b 2.835

X17X13 -1.218 .392 -2.024b 1.561

X17X14 -l.964 .473 -0.575 .707

X19X12 -0.689 .439 -15.217 22.043

X19X13 -1.347 .218 .916 1.541

X19X14 -1.323 .560 -4.940 3.293
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Table 31. (cont'd.)

 

 
 

 

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

XzoX12 .811 .422 -2.369 2.177

X20X13 .118 .252 ‘0.542 .970

xzox14 -0.592b .790 -3.489 2.141

x21x12 .339 .519 4.308 2.630

x212:13 1.499b .367 -0.245 1.577

x21x14 * *
x22x12 -1.7723 .300 -0.058 .589

X22X13 -2.4783 .179 -0.632 .517

xzzx14 .4153 .604 -0.113 .818

x23x12 -o.765 .587 .360 1.648

x23xl3 -0.959 .217 -0.588 1.050

x23x14 -1.186 .421 .236 .864

x24x12 -0 007 .008 .973 .901

X24X13 ‘0 . 007 . 003 ‘0 . 020 . 160

x24x14 .042 .045 -0.028 .201

x25x12 .756: .387 -15.581 18 367

x25x13 -0.308 .228 -o.325 1.563

x25x14 -0.958a .502 -4.696b 3.208

x26x12 .061 .340 -1.857b .671

x26x13 -0.274 .189 -1.811b .533

x26x14 .036 .419 -3.803 .752

 

*

No regression coefficient was calculated.

aRegression coefficients for the age subgroups are significantly

different from each other at the 0.05 level in this situation for the

year specified.

Regression coefficients for the age subgroups are significantly

different from each other at the 0.10 level in this situation for the

year specified.
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Table 32. Summary of Performance of Young, Middle-Aged, and Old Worker

Units for Various Situations Represented by Zero-One

Variables, 1965 and 1966, Model (5)

 

Age of Worker Unit (Years)

 

Situation Year Less than 26 26-50 Over 50

People [ariables

Female sex 1965 -1.818 -2.094 .5223

1966 -9.348 -1 666 -0.457a

Mixed male and female sex 1965 -2.279 -1.218 -l.964

1966 5.079 -2.024 -0.575

Unit size one person 1965 .339 1.499 *

1966 4.308 -0.245 *

Experience less than 1965 -1.772 -2.478: .415

two years 1966 -0.058 -O.632 -0.113

Colored ethnic origin 1965 -0.689 -1.347 -1.323

1966 15.217 .916 -4.940b

Mexican or Puerto Rican 1965 .811 .118 -0.592b

ethnic origin 1966 -2.369 -0.542 -3.489

Michigan resident 1965 -0.7658 -0.959 -1.186

1966 .360a -0.588 .236

Variables Under Operator Control

Stems on all apples 1965 -0.604 -0.840 *

1966 11.329 -2 841 *

Tree pruning (well pruned) 1965 -0.758b .077a *

1966 29.970b 1.131a *

Tree pruning (some to 1965 .274b .722a *

moderate pruning) 1966 25.412b -1.064a *

Picking for retail market 1965 -0.777 -0.918 *

1966 -6.853 -3.408 *

No bonus payment 1965 .386 .6478 076b

1966 -3 014 .019a -7.100b

Close supervision ' 1965 1 327 .486 -0.353b

1966 -4 202 -3.558 -6.274b

Metal picking equipment 1965 1.198 1.320 -0.559

1966 -0.817 -0.205 1.271

Tree height over 18 feet 1965 .756 -0.308 -0.958

1966 15.581 -0.325 -4.696

Variables Not Coptpolled by Operator

Level to gently rolling 1965 * .386 *

topography 1966 * 1.100 *

Good weather conditions 1965 -0.321 -0.960: -0.521

1966 -o.732 -0.986 .242

Fruit size over 175 1965 .061 -0.274 .036

app1es per bushel 1966 -1.857 -1.811 -3.803

M T — 
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Table 32. (cont'd.)

*

No regression coefficient was calculated.

aHighest picking rates of age subgroups observed in both years

in this situation.

bLowest picking rates of age subgroups observed in both years

in this situation.

Note: The coefficients in the above table do not represent

apple picking rates for the different age subgroups in various

situations. Rather, they represent deviations of that subgroup from

the average of workers of all ages in the omitted category of the

zero-one "dummy” variable in question.

The results of model (5) show five cases in which one age sub-

group had the fastest picking rates in both 1965 and 1966 in situations

represented by zero-one "dummy" variables. Workers less than 26 years

old had the highest productivity in both of these years among pickers

who were residents of Michigan. Workers over 50 years old picked more

bushels of apples per hour in both years than either of the other two

age groups among female worker units. Pickers in the 26-50 age range

had the highest productivity levels of the three age groups in three

situations in model (5): 1) when trees were well-pruned, 2) when trees

had only some to moderate pruning, and 3) when no bonus payment was made.

There were seven situations in model (5) in which one group had

the slowest picking rate of the three age subgroups in both 1965 and

1966. Young workers and middle-aged workers were each involved in two

of these situations and three of the situations involved older units.

Well-pruned trees and some to moderate tree pruning were the two situa-

tions in which workers under 26 years old had the lowest productivity

levels in both years. Middle-aged pickers displayed the lowest

productivity levels of the three age subgroups when apples were being
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picked under good weather conditions and also among those workers

having less than two years of apple picking experience. Worker units

over 50 years old had the lowest picking rates in three situations:

1) when no bonus payment was made, 2) under close supervision, and

3) among Mexican or Puerto Rican workers.

None of the sets of regression coefficients calculated for

worker unit age subgroups in the three situations represented by a

continuous variable in model (5) were consistent for the two years

observed in this study.

Although worker unit age was significantly related to worker

productivity in model (1) for both the years 1965 and 1966, a con-

sistent pattern was found in only a few cases in model (5) with

reSpect to the productivity of workers in different age subgroups.

And in no case did any of the independent variables in model (5)

display relationships with apple picking rates which differed signifi-

cantly for the three age subgroups of workers analyzed in the model.

The results of the analysis of model (5) are of interest because of

the contrast with model (1) in the case of four variables. Recall

that model (1) showed middle-aged pickers to have the highest

productivity levels of the three age groups in both 1965 and 1966;

and that workers over 50 years old had the slowest picking rates in

both years. But model (5) showed workers over 50 years old to have

the highest productivity levels in both years among female workers.

This model also showed workers in the youngest age group to be the

fastest pickers in both years among workers who were Michigan residents.

And middle-aged pickers who had the highest productivity levels on the

average in model (1) were shown to have the slowest picking rates of
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the three age classes when only inexperienced workers were considered

or when pickers were working under good weather conditions. With the

possible exception of these four cases it appears that the selection

of apple harvest labor could be made on the basis of the age of the

worker without considering the conditions under which apples were to

be picked. Even the above four cases which were exceptions did not

have significantly different effects on the productivity of the age

subgroups although the relative productivity of the age subgroups was

the same in both years in each of the four cases.

112921191.

The regression coefficients obtained for the three sex subgroups

under various situations in model (6) for the two years 1965 and 1966

are given in Table 33. The standard error of each coefficient is also

included in this table. Model (6) was designed to help identify sub-

groups of workers, based on their sex, which might reSpond differently

to certain variables observed in this study which were assumed to be

related to apple picking rates.18 In 1965 model (6) explained 20

percent (R = 0.4473) of the variation in apple picking rates observed

in this study. Approximately 33 percent (R = 0.5763) of the observed

variation in worker productivity was accounted for by model (6) in

1966. There were four cases for this model in which the effects of an

independent variable on worker productivity differed significantly in

both 1965 and 1966 for workers in the different age subgroups analyzed.

However, there was only one of these four situations in which the signs

 

18The variables included in model (6) are given on Page 36 in

Chapter III.
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and relative magnitudes of the regression coefficients for the sex

subgroups were consistent in these two years.

The results of model (1) indicated that male worker units had

faster picking rates in both years observed than either of the other

two sex subgroups. But when the productivity of worker units in the

three sex classes was analyzed in model (6) the allmmale units had

the fastest picking rates in only two situations represented by

zero-one variables in the model (see Table 34). These two situations

were when apples were picked so that the stems remained on all apples

and among units of Mexican or Puerto Rican ethnic origin. Female

units had the highest productivity of the three sex subgroups in

both years when only workers over 50 years old were considered. The

nflxed male and female units diSplayed faster picking rates than either

of the other two sex groups in 1965 and 1966 in three situations:

1) when no bonus payment was made, 2) among workers aged less than

26 years, and 3) among units of colored ethnic origin.

There were four situations in model (6) in which one sex class

was shown to have the lowest picking rate in both of the years studied.

There were two of these situations, when no bonus payment was made and

among units of colored ethnic origin, in which male worker units had

the slowest picking rates observed in both years. The other two

situations in which one sex subgroup had the lowest productivity in

both 1965 and 1966 were when stems were preserved on all apples being

picked and among Mexican or Puerto Rican workers. In these two situa-

tions the mixed male and female units had the lowest productivity.

The picking rates of the sex subgroups were significantly

different from each other in both 1965 and 1966 in three situations
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Table 33. Regression Coefficients and Standard Errors, Model (6),

1965 and 1966

 

 
 

 

========== w

1965, 1966

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

Constant 15 217 .871 13.723 4.691

x1x15 -0.863 .253 -1.724 2.796

x1X16 * *
x1x17 -1.116 .384 -5.431b 3.308

xles -0.038 .007 .045b .057

x2x16 -0.026 .018 8.100b 3.425

szl7 ‘0 .049 .012 '0 .020 .098

X3X15 '0.558 .316 5.672 6.448

x3x16 -0.165 .552 36.743 18.367

x3x17 .053 .449 1.533b 2.280

x4x15 .485 .258 8.556 6.104

x4X16 * * b

x4x17 .628 .388 -2.413 1.805

x5x16 -0.516 .235 -2.309: 1.164

x5x17 -1.057 .597 58.451 27.484

x5X18 * *

x6X15 * *

x6X16 * *

x6x17 -0.264 1.340 -1.648 1.379

x7x15 -0.767 .159 -O.830 .353

x7x16 -0.211 .488 -O.976 1.107

x7x17 -0.763 .245 -0.3483 .428

x8x15 -0.1573 .031 -24.311 8.222

X8x16 * a * a
x8x17 -0.265b .042 16.314b 7.950

xgxl5 .109 .277 -1.174 1.443

x9X16 * b * b
x9x17 .899 .366 3.871 2.559

x10x15 .997 .217 .254 2.241

x10x16 * *

x10X17 * a * c
x11x15 1.112a .377 1.135c .688

x11x16 -5.2808 1.308 .212c 1.385

x11x17 1.281 .692 -1.399 .978

x12x15 -0.491 .204 -1.435 .389

x12x16 -0.639 .524 -1.314 1.211

X12X17 ‘0.256 .313 '1.240 .524

X14X15 '2.175 .272 ‘2.084 .391

me16 -0.959 .782 -0.701 1.398

X14X17 '2.296 .423 '0.931 .562

X19X15 '1.249 .227 '0.703 1.638

19x16 * *
x19x17 -0.551 .391 .796 3.701

xzox15 .575 .278 2.5618 1.157

x20x16 * *
x20x17 .406 .321 -1.069a .789
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Table 33. (cont'd.)

 

  

 

W m

1965 1966

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

X21X15 1.262 .344 4.802 1.485

X21X16 1.194 .610 5.600 3.425

X21X17 * *

fizzils -2.202 .185 -0.289 .410

xgixig -2.0548 .271 -O.908 .494

X23X15 “1.500 .222 .511 .576

x23X16 * *
x23x17 .2503 .417 -0.154b .786

x24x15 -0.008 .003 -0.237b .136

x24x16 -0.005 .005 -16.246b 6.868

xzsx15 -0 234 .239 -0.0788 1.585

X25X16 -0.610 .554 212.8878 88.004

x25x17 .223 .321 -2.1383 3.350

x26x15 -0.433: .195 -1.789a .450

x26x16 .059b .529 -1.0162 1.408

X26X17 .334 .270 “3.677 .634

MW 

*

No regression coefficient was calculated.

aRegression coefficients for the sex subgroups are significantly

different from each other at the 0.05 level in this situation for the

year specified.

bRegression coefficients for the sex subgroups are significantly

different from each other at the 0.10 level in this situation for the

year specified.

cRegression coefficients for the sex subgroups approached

being significantly different from each other at the 0.10 level in

this situation for the year specified. They were significantly differ-

ent at the 0.107 level in this case.
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Table 34. Summary of Performance of Male, Female, and Mixed Male and

Female Worker Units for Various Situations Represented by

Zero-One Variables, 1965 and 1966, Model (6)

Sex of Worker Unit

Situation Year Male Female Mixed

e e a a s

Worker age less than 1965 -0 491 -0.639 -0.2568

26 years 1966 -1.435 -1 314 -1.240a

Worker age over 50 years 1965 -2.l75 -0.9598 -2.296

1966 -2.084 -0.701a -0.931

Unit size one person 1965 1.262 1.194 *

1966 4.802 5.600 *

Experience less than 1965 -2.202 * '2.054

two years 1966 -0.289b * -0.9OBa

Colored ethnic origin 1965 -1.249b * -0.551

1966 -0 703 * .796a

Mexican or Puerto Rican 1965 .575: * .406:

ethnic origin 1966 2.561 * -l.069

Michigan resident 1965 -l.500 * .250

1966 .511 * -0.154

a ab es nde O erator Control b

Stems on all apples 1965 -0.863a * -1.116

1966 -1.7243 * -5.431b

Tree pruning (well pruned) 1965 -0.558 -0 165 .053

1966 5.672 36 743 1.533

Tree pruning (some to 1965 .485 * .628

moderate pruning) 1966 8.556 * -2.413

Picking for retail market 1965 -0.516 -1 057 *

1966 -2.309b 58 451 * a

No bonus payment 1965 .109 * .899

1966 —1.174b * 3.871a

Close supervision 1965 .997 * *

1966 .254 * *

Metal picking equipment 1965 1.112 -5.280 1.281

1966 1.135 212 -l.399

Tree height over 18 feet 1965 -0.234 -0 610 .223

1966 -0.078 212 887 -2.l38

Variaplps Npt Coptgplled by Operator

Level to gently rolling 1965 * * -0.264

topography 1966 * * -1.648

Good weather conditions 1965 -0.767 -0 211 -0.763

1966 -0.830 -0 976 -0.348

Fruit size over 175 apples 1965 -0.433 .059 .334

per bushel 1966 -1.789 -1 016 -3.677

 



167

Table 34. (cont'd.)

*No regression coefficient was calculated.

aHighest picking rates of sex subgroups observed in both years

in this situation.

bLowest picking rates of sex subgroups observed in both years

in this situation.

Note: The coefficients in the above table do not represent

apple picking rates for the different sex subgroups in various

situations. Rather, they represent deviations of that subgroup from

the average of workers in all sex groups in the omitted category of

the zero-one "dummy" variable in question.

represented by zero-one "dummy" variables in model (6). When no

bonus payment was made to workers the productivity of mixed male and

female units was significantly higher at the 0.10 level than that of

all-male units in both years.19 The productivities of the various

sex subgroups were also significantly different from each other in

both years when small apples numbering over 175 per bushel were

being picked20 and when metal picking equipment was being used.21

However, in these latter two situations no pattern with reSpect to

the relative picking rates of the subgroups could be determined as

holding in both years.

Neither the variables tree age nor tree spread which were

entered as continuous variables in model (6) had an influence on any

 

19No regression coefficient was calculated for female units

in this situation.

20In 1965 they were significantly different at the 0.10 level

and in 1966 at the 0.05 level.

len 1965 the picking rates of workers using metal equipment

differed at the 0.05 level. But in 1966 the rates of workers using

this equipment only closely approached being significantly different

at the 0.10 level. They were different at the 0.107 level in that

year.
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of the sex classes which was significantly different from zero in

both years at the 0.05 level. The sex subgroup regression coefficients

for both of these variables were significantly different from each

other at the 0.10 level in 1966, but in 1965 these coefficients were

not significantly different from each other for either variable. The

rate of pay the worker units received for picking apples was also

entered as a continuous variable in model (6). Both of the sex

subgroup coefficients calculated for this variable were significantly

different from zero in both years.22 The sex subgroup coefficients

for this variable were also significantly different from each other

at the 0.05 level in both years. However, in 1965 an increase in the

rate of pay tended to decrease the productivity of male units less

than it decreased the productivity of mixed male and female units

while in 1966 an increase in payment rates decreased male unit

productivity while tending to increase mixed unit picking rates.

The analysis of model (6) was hindered by a lack of observations

for the female sex class. A regression coefficient was only calculated

for this class’in two cases mentioned above as having consistent

results with reSpect to the relative productivity of the sex subgroups

(see Table 34). The results of model (6) do indicate, however, that

a blanket recommendation should not be made as to the advisability of

hiring apple harvest labor on the basis of sex. If Speed in harvesting

is important, model (6) suggests that female workers are preferable to

male workers if only workers over 50 years old are being considered.

 

22No coefficient was calculated for the female sex subgroup

in this case.
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If only Mexican or Puerto Rican pickers were being considered, model

(6) indicates that male workers should be the faster pickers. But

among workers of colored ethnic origin males do not appear to be the

fastest pickers. Females would appear to be preferable to males

among colored workers.23 Finally, it may be advisable to hire young

'married couples to harvest apples if a choice must be made from among

younger workers. This inference is made from the results in model (6)

showing the mixed male and female sex class to have the fastest picking

rates among workers less than 26 years old. It seems unlikely that

the practice of combining young males and females in picking units

would help improve their productivity unless some factor like the

necessity of providing for a family were present. The above three

observations, although based on consistent results for the two years

1965 and 1966, cannot be supported with any significant statistical'

results.

Model (1)

An attempt was made to identify differences in the apple picking

rates of workers in three ethnic origin groups under various situations

in model (7).24 A summary of the regression coefficients estimated for

this model in both 1965 and 1966 is given in Table 35 along with the

standard error of each coefficient. Model (7) accounted for roughly

 

23Only an inference can be made here since a regression coef-

ficient was not calculated for colored females. This inference is

based on the observation that mixed male and female picking units had

faster picking rates than all-male units in both years among colored

units.

24The variables included in model (7) are given on Page 36 in

Chapter III.
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19 percent (R = 0.4346) of the variation observed in apple picking

rates in 1965. In 1966 about 29 percent (R = 0.5359) of the observed

variation in productivity was explained by model (7). There were

only two situations examined in this model in which the productivities

of workers in the ethnic subgroups differed significantly in both

years observed in this study.

Workers of one particular ethnic origin did not have consis-

tently higher productivity in both 1965 and 1966 according to model

(1). This result indicates that other factors are more closely

related to worker productivity in apple picking than is ethnic origin.

Even though a consistent relationship was not found in model (1)

between ethnic origin and productivity in the two years observed,

several situations were found in model (7) in which one ethnic origin

subgroup had consistently higher or lower productivity than the other

two groups in both 1965 and 1966.

There were six situations of the 18 in model (7) represented

by zero-one "dummy" variables which were associated with one ethnic

subgroup having the fastest picking rate in both 1965 and 1966 (see

Table 36). White picking units had the fastest rates in only one of

these situations; when working in good weather; There were two

situations in which colored workers diSplayed the highest productivity

levels and Mexican or Puerto Rican pickers had the highest productivity

in three cases. Colored worker units had faster picking rates in both

years among pickers under 26 years old and among those units having

less than two years of apple picking experience. When trees over 18

feet tall were being picked, the Mexican or Puerto Rican units picked
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Table 35. Regression Coefficients and Standard Errors, Model (7),

1965 and 1966

 

  

 

1965 1966

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

Constant 12.844 1.250 25.451 4.106

X1X18 .022 .285 “3.546 2.652

X X * *

x183 * .
x2x18 -0.047a .007 -0.0443 .044

xleg -0.0063 .010 -0.392a .112

X X * *

xéxi‘; . *
x3X19 * *
x3x20 2.590 .690 -1.335 2 997

x4x18 -0.053a .214 -1.318 1.529

xaxlg 1.465a .281 .429 2.958

xax20 2.741a .647 .076 3.801

X5X18 “0 .581 .269 “4.418 .987

X x 'k *

x3263 . *
x6x18 .959 .684 .099 1.347

X X * *-

x2263 . .
x7x18 -0.431 .193 -o.312C .324

x7x19 -0.686 .238 -1.7149 .573

x7x20 -0.447 .281 -0.597c 1.514

x8x18 -0.1503 .028 -2.980 5.588

X X it i:

xgxig -0.857a .113 8.425 28.729

x9x18 .246 .236 -2.864 1 491

X * *

£3.33 .. .
xloxla .062a .240 “3 .887 1 .922

X -k 1:

xigxég 3.624a .532 -19.619 14 468

xux18 .721 .485 .481 .543

xnx19 1.568 .495 -1.669 1.750

xux20 4.735 2.889 -18.975 17.406

X12X18 -0.952 .249 -1.389 .393

xlleg “0 .324 .333 “0 .594 .523

xlzx20 -0.382 .285 -0.822 1.394

x14x18 -2.422 .281 -1 499 .365

x14x19 -1 559 .425 -1.109 .678

me20 -2.917 .719 -1.100 2.290

X16X18 “1.084 .374 “1.663 .600

X16X19 “1.837 .538 .052 2.931
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Table 35. (cont'd.)

  

  

 

== ===

1965 1966

Regression Standard Regression Standard

Variable Coefficient Error Coefficient Error

x17x13 -1.7408 .547 -2.131 1.470

X17X19 * *

X17X20 .4613 .596 -0.034 2 919

x21x18 .7898 .520 -0.481 1.442

x21x19 1.6908 .297 .360 .748

x21x20 3.442a .589 3.551 2.460

x22x18 -2.4208 .241 -0.754a .359

x x -1.6498 .254 .799a .569
22 19 *

x22X20 *
X23X18 -1.423 .242 .559 .589

x x -0.795 .321 .523 1 169
23 19 * *

x23X20 * *

X24X18 *

x24X19 *
x24x20 “0.006 .003 “0.046 .715

x x -2.115 2.276 -1.946 1.491
25 18 *

x25x19 *
x25x20 1.963 2.265 .990 4.934

x26x18 4.6623 1.308 -2.623 .417

x x -4.852a 1.329 -1 353 .732
26 19

x26X20 * *

 

*

No regression coefficient was calculated.

aRegression coefficients for the ethnic origin subgroups are

significantly different from each other at the 0.05 level in this

situation for the year specified.

bRegression coefficients for the ethnic origin subgroups are

significantly different from each other at the 0.10 level in this

situation for the year specified.

cRegression coefficients for the ethnic origin subgroups

approached being significantly different from each other at the 0.10

level in this situation for the year specified. They were signifi-

cantly different at the 0.105 level in this case.
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more bushels of apples per hour in both years than either of the other

two ethnic subgroups. They also picked more bushels of apples per

hour in both 1965 and 1966 when only mixed male and female units were

considered and among those units made up of only one person working

alone.

White picking units were found to have the lowest productivity

levels in both years among the three ethnic subgroups in six situations

represented by zero-one "dummy" variables in this model. These situa-

tions included: 1) picking trees with some to moderate pruning, 2) .

picking trees over 18 feet tall, 3) worker units under 26 years old,

4) mixed male and female worker units, 5) picking units consisting of

only one person, and 6) worker units having less than two years of

experience picking apples. Only one other situation was observed in

which an ethnic class had the lowest productivity in both 1965 and'

1966. Colored workers had the slowest picking rates in both these years

when picking under good weather conditions.

In only one situation represented by zero-one variables, that

in which worker units had less than two years experience, did the

performance of ethnic subgroups differ significantly from each other

in both of the two years studied. Inexperienced colored workers had

significantly higher productivity levels than inexperienced white

pickers in both 1965 and 1966.25

One of the three situations represented by continuous variables

in model (7) had significantly different influences on the ethnic

 

25A coefficient for Mexican or Puerto Rican workers with less

than two years of experience was not calculated.
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Table 36. Summary of Performance of White, Colored, and Mexican or

Puerto Rican Worker Units for Various Situations Represented

by Zero-One Variables, 1965 and 1966, Model (7)

Ethnic Origin of Worker Unit

Mexican or

Situation Year White Colored Puerto Rican

 M J-

 

Peoplegyarfpbles
 

Worker age less than 26 years 1965 -0.952b -0.324a -0.382

1966 -1.389b -0.5943 -0.822

Worker age over 50 years 1965 -2.422 -l.559 -2.917

1966 -l.499 -l.109 -1.100

Female sex 1965 -1.084 -l.837 *

1966 -l.663 .0582 *

Mixed male and female sex 1965 -1.740b ' * .4613

1966 -2.131b * -0.034a

Unit size one person 1965 .789b 1.690 3.442a

1966 0481b .360 3.5518

Experience less than two years 1965 -2.420b -1.649a *

1966 -0.754b .799a *

Michigan resident 1965 -l.423 -0.795 *

1966 .559 .523 *

yariaples Undeg Opepapor Control

Stems on all apples 1965 .022 * *

1966 -3.546 * *

Tree pruning (well pruned) 1965 * * 2.590

1966 * * -1.335

Tree pruning (some to 1965 -0.053b 1.465 2.741

moderate pruning) 1966 -l.318b .429 .076

Picking for retail market 1965 -0.581 * *

1966 -4.418 * *

No bonus payment 1965 .246 * *

1966 -2.864 * *

Close supervision 1965 .062 * 3.624

1966 -3.887 * -l9.619

Metal picking equipment 1965 .721 1.568 4.735

1966 .481 -1.669 -18.975

Tree height over 18 feet 1965 -2.115b * 1.963a

1966 -1.946b * .990a

yariables Not Controlled by Operator

Level to gently rolling 1965 .959 * *

topography 1966 .099 * *

Good weather conditions 1965 -0.4318 -0.680b -0.447

1966 -0.3128 -1.714b -0 597

Fruit size over 175 apples 1965 4.662 -4.852 *

per bushel 1966 -2.623 -1.353 *
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Table 36. (cont'd)

*No regression coefficient was calculated.

aHighest picking rates of ethnic origin subgroups observed in

both years in this situation.

bLowest picking rates of ethnic origin subgroups observed in

both years in this situation.

Note: The coefficients in the above table do not represent

apple picking rates for the different ethnic origin subgroups in

various situations. Rather, they represent deviations of that sub-

group from the average of workers in all ethnic groups in the omitted

category of the zero-one "dummy" variable in question.

subgroups analyzed in both 1965 and 1966. The effect of tree age on

white pickers was significantly different from its effect on colored

workers in both years.26 Even though the influence of tree age on

productivity was significantly different for these two ethnic sub-

groups in both years the relative magnitude of the influence differed

in the two years. In 1965, a given increase in tree age tended to

decrease the productivity of white workers more than it did that of

colored pickers, but in 1966 this result was reversed. For neither

ethnic subgroup was the effect of tree age significantly different

from zero in both years. The other two situations represented by

continuous variables, the rate of payment per bushel for picking

apples and tree spread, did not have any ethnic subgroup coefficients

which were significantly different from zero in both years. Nor were

the ethnic subgroup coefficients within one of these situations

 

26No coefficient was calculated for Mexican or Puerto Rican

units in this situation.
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significantly different from each other in both years.27 The produc-

tivity of Mexican or Puerto Rican pickers was reduced as tree spread

increased in both years, however.

There were several cases in model (7) in which a comparison

could not be made between ethnic subgroups because the necessary

regression coefficients were not calculated. This hindered the

analysis of worker productivity differences related to ethnic origin.

No one of the three ethnic groups observed in this study demonstrated

superior productivity in apple picking. And in only one case is

there any significant statistical evidence to support the contention

that the apple picking abilities of ethnic groups differ. This was

the case in model (7) in which there was a significant difference in

the productivities of colored and white pickers who had less than two

years of apple picking experience. The consistently higher or lower

picking rates in both years observed in this study which were

associated with one ethnic subgroup suggests that under certain

conditions one ethnic group may be expected to out-perform the others.

Therefore, if timeliness in apple harvesting is of importance to the

apple grower he might give some consideration to the consistent

relationships discovered with respect to the ethnic origin of workers

in his hiring and managerial practices. For example, if his trees

are tall (over 18 feet) he should consider hiring Mexican or Puerto

Rican workers if they are available since they demonstrated the

fastest picking rates of the three ethnic subgroups in both 1965 and

 

27Significant differences between ethnic subgroups for the

tree Spread variable were not possible since only one coefficient

was calculated.



177

1966 in tall trees. But as mentioned above, significant differences

in apple picking rates between ethnic groups are not supported statis-

tically by the results of this study.

A frequently expressed preference of apple growers for workers

of Spanish-American ethnic origin is not supported by the results of

this study. The apple picking rates of these workers do not appear

to be different from those of white or colored workers based on

statistical analysis. Apple growers do, however, consider more than

apple picking rates in their choice of workers. Worker turnover,

supervisory problems, and repair and maintenance costs for equipment

and worker housing are important factors considered by growers which

are not reflected by apple picking rates.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

Data collected in Michigan during two apple harvest seasons,

1965 and 1966, were used in this study to examine factors related to

the picking rates of workers harvesting apples on a piece-rate system.

A regression equation containing 23 independent variables was fitted

by ordinary least squares to the data obtained in each of the above

years to determine the relationship of selected worker characteristics,

management practices, orchard characteristics, and weather conditions

to the performance of workers picking apples.

Three worker characteristics were found to be significantly

related to apple picking rates at the 0.05 level. Workers who were

less than 26 years old harvested fewer bushels of apples per hour

than did pickers aged 26-50 years. Older workers, those over 50 years

old, picked fewer bushels of apples per hour than workers 26-50 years

old. And male pickers had faster picking rates than female workers.

Only one management practice observed in this study was signifi-

cantly related, at the 0.05 level, to the productivity of workers

harvesting apples. When workers picked apples to be sold as fresh

fruit they picked fewer bushels per hour than when picking apples to

be processed.

The only other factor found to be significantly related to

worker productivity at the 0.05 level in this study was weather. The

178
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picking rates of workers under weather conditions classed as "good" were

lower than they were under "bad" weather conditions.

Four other variables examined in this study tended to be related

to the apple picking rates of workers. The regression coefficients of

these four variables were larger than their standard errors.

Two of the variables tending to be related to apple picking

rates were worker characteristics. Having fewer than two previous

years of apple picking experience was associated with slower apple

picking rates than having two or more years of experience picking apples.

Picking units which contained both male and female workers picked fewer

bushels of apples per hour than did units containing only male workers.

The other two variables which displayed a tendency to be related

to worker unit productivity were orchard characteristics. An increase

in either the age of the trees or the Spread of the trees being picked

resulted in a decrease in the apple picking rates of workers.

In addition to analyzing factors related to apple picking rates

in this study, an attempt was made to verify the existence of differ-

ential predictability with respect to six selected worker unit char-

acteristics. Two subgroups of workers were identified for the worker

unit characteristics of experience, size, and residence. The two sub-

groups used for the experience variable were less than two years and

two years or more of apple picking experience. Individual pickers

working alone made up one size subgroup and pickers working in groups

of two or more made up the other. The two residence subgroups consisted

of residents and nonresidents of Michigan.

Three worker subgroups were identified for the worker unit

characteristics of age, sex, and ethnic origin. The age variable was



180

separated into subgroups of less than 26, 26-50, and over 50 years of

age. Male, female, and mixed male and female workers were the sex

subgroups identified. And white, colored, and Mexican or Puerto

Rican workers made up the ethnic origin subgroups.

Six regression equations which included the selected worker unit

characteristics in interaction terms were fitted to the data for each

of the two years 1965 and 1966 by the ordinary least squares method.

The objective of this procedure was to identify independent variables

which had differing relationships to apple picking rates for the sub-

groups of workers identified.

None of the variables analyzed in this study exhibited differ-

ential predictability with respect to the two subgroups of workers

identified on the basis of apple picking experience. Experienced

workers did have consistently faster picking rates than workers who

were classified as inexperienced under all orchard conditions analyzed

in this study, however.

One variable, the type of market apples were picked for, did

display a tendency toward differential predictability with respect to

the size of the picking unit. The productivity of individual pickers

was reduced less by picking apples for the retail market than was the

productivity of groups of two or more workers picking together. The

regression coefficient of this interaction term was larger than its

standard error. However, none of the variables analyzed in this

study were found to have relationships to apple picking rates which

differed significantly at the 0.05 level for the two subgroups of

worker units based on the size of the unit.
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Several variables analyzed in this study displayed a tendency

toward differential predictability with respect to the two subgroups

of workers identified in this study on the basis of residence. The

picking rates of workers over 50 years old were reduced farther below

those of workers 26-50 years old if the older workers were residents

of Michigan than if they were nonresidents. The productivity of

female worker units was lowered less, below that of male worker units,

if the females were Michigan residents than if they were from other

states. For Michigan residents, the reduction in picking rates

resulting from having less than two years of apple picking experience

was less than it was for nonresidents. The productivity of Michigan

residents was increased more by the practice of making no bonus

payment than was the productivity of nonresidents by this practice.'

The last variable tending to display a tendency toward differential

predictability with respect to worker unit residence was tree spread.

An increase in tree spread caused less of a reduction in the picking

rates of Michigan residents than the same increase caused in the

productivity of nonresidents. These tendencies toward differential

predictability with respect to the residence variable are indicated

by the relative magnitudes of the regression coefficients of the

interaction terms representing the above situations compared to the

standard errors of these coefficients. The regression coefficients

were larger than their standard errors in all cases.

In addition to revealing several variables which tended to

diSplay differential predictability, the analysis of worker unit

residence subgroups also indicated that nonresident units consistently
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picked more bushels of apples per hour than Michigan residents. Non-

residents were found to have faster picking rates than residents in

all situations in which the picking rates of these two subgroups could

be compared in this analysis.

The age subgroup analysis did not indicate that any variables

had significantly different relationships at the 0.05 level to apple

picking rates for the three age subgroups of workers identified in

this study. However, four situations were identified in the age

subgroup analysis in which the relative picking rates of workers in

different age groups were not the same as they were when the age

variable was analyzed without interaction terms.

Workers in the 26-50 year-old category had slower picking

rates than workers in either of the other two age subgroups when all

pickers were working in good weather. Workers in the middle age range

also had the slowest picking rates among workers who had less than

two years of experience picking apples. When only female pickers

were being considered, those in the age subgroup over 50 years old

had the highest productivity levels. Pickers in the youngest age

class had faster picking rates than those in either of the other two

age classes when only workers who were Michigan residents were being

compared.

There were four situations found in this study in which the

relationships between an independent variable and apple picking per-

formance was significantly different at the 0.10 level for the three

sex subgroups of workers. Only one of these four variables had con-

sistent relationships to worker productivity in both years studied for
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the three sex subgroups. Mixed male and female picking units had

significantly higher picking rates at the 0.10 level when they

received no bonus payments than did all-male units under the same

conditions.

In addition to the above situation in which a significant

difference was found in the relationships between bonus payment

practices and apple picking rates for two sex subgroups, three

instances were found in the sex subgroup analysis in which the

relative productivities of the sex classes did net agree with the

results of the analysis of the sex variable when it was not inter-

acted with any other variables. Picking units which contained both

male and female workers picked more bushels of apples per hour than

either units containing only males or only females when only workers

less than 26 years old were considered. The mixed sex class also

had a higher productivity level than the all-male class among colored

picking units. When only workers over 50 years old were compared,

female workers picked more bushels of apples per hour than either of

the other two sex classes.

Colored workers picked significantly more bushels of apples

per hour than white pickers at the 0.05 level when differences in

the productivity of workers with fewer than two years of apple picking

experience were analyzed for worker subgroups based on ethnic origin.

No other variable in the model used for the ethnic subgroup analysis

had a relationship with apple picking rates which was both consistent

and significantly different for the ethnic groups analyzed.

A consistent relationship could not be identified between

worker unit ethnic origin and apple picking rates for the two years
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included in this study when this relationship was analyzed without

any interactions between worker ethnic origin and the other variables

observed. However, when the productivity of workers was analyzed

using the three ethnic groups in interaction terms the different

ethnic subgroups were found to have consistent relative picking rates

in several situations.

White workers had the slowest picking rates of the three ethnic

subgroups in trees with some to moderate pruning. When trees over 18

feet tall were being picked Mexican and Puerto Rican workers picked

more bushels of apples per hour than white pickers. Mexican and Puerto

Rican picking units also had higher productivity than white picking

units among mixed male and female worker units. The analysis of the

picking rates of individuals working alone indicated Mexican or Puerto

Rican workers to be the fastest pickers in this situation. White

pickers had the slowest picking rates among pickers who worked alone

and colored pickers diSplayed picking rates between those of the other

two ethnic origins when working alone. .Colored pickers had the highest

productivity levels of the three ethnic subgroups when only young

workers were considered. In this age group the Mexican or Puerto

Rican worker units occupied a median position with respect to produc-

tivity while white workers picked the fewest bushels of apples per hour

of the three ethnic groups. White pickers had the fastest picking

rates of the three ethnic subgroups in only one situation--in good

weather. They were followed by Mexican or Puerto Rican workers and

colored workers in the order of their productivity levels in this

situation.
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The number of consistent differences found in the relationships

between independent variables and worker productivity for the different

subgroups of workers analyzed does give some support for a basic

assumption made in this study that labor is not homogeneous. These

consistent differences also support the theoretical model upon which

the analysis of this study is based. There was, however, little support

in terms of significant statistical results for the theoretical model

used in this study with the possible exception of the worker unit

residence subgroup analysis. Even in this case the statistical

evidence was not strong although several variables did tend to show

differential predictability for worker units in different residence

classes.

Further evidence that labor is not homogeneous is provided by

the relatively low R2 obtained for all regression equations even though

a relatively large number of independent variables were analyzed. The

percent of variation in apple picking rates accounted for by the

regression equations may have been low for other reasons, however.

Failure to include variables important in explaining variation in

productivity as well as misapecification of functional relationships

between independent and dependent variables could have lowered the

value obtained for R2.

At least one variable which should, a priori, be related to

apple picking speed was not analyzed in this study. The yield of

apples on each tree, or each orchard block, being picked by workers

was not included in any of the regression models used in analysis
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because no observations were obtained for this variable in the 1966

data collection process. Inclusion of this variable should account

for some year to year and orchard to orchard variation in worker

productivity.

More useful results may be obtained in future research of

this nature if more careful attention is given to sampling techniques

and to measurement procedures. The sampling technique used in this

study failed to provide a sufficient number of Observations on certain

classes of workers in some situations. Stratification of future

samples should improve this deficiency. Several variables analyzed

in this study were measured subjectively by the individuals gathering

data. More careful training of these individuals in making judgment

decisions in the evaluation of these variables should provide a more

accurate picture of the true relationship between these variables and

worker productivity.

The results of the cross validation procedure carried out in

this study to check the consistency of relationships between the

explanatory variables observed in this study and the productivity of

workers picking apples suggest that little faith can be placed in

statistical relationships of the kind examined in this study if they

are based on a sample from only one time period. The cross validation

procedure which requires two separate samples from the same population

was not entirely satisfactory, however. The sample data obtained in

1965 and 1966 which were used in cross validation could not be accepted

as coming from the same population on the basis of statistical analysis.

Even though few significant statistical results were found in

this study, there is evidence to suggest that differential predictability
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of picking rates did exist for the sample of workers observed in this

study. Not all workers responded in the same manner to the various

orchard characteristics, management practices, and weather conditions

observed in this study. In short, labor is not homogeneous. This

finding has implications for individuals interested in labor whether

from a research, legislative, or supervisory standpoint.

Social scientists should find the basic model used in this

study of value in designing future research projects dealing with

people or the labor resource. It could serve as a basis from which

to build new models more useful in explaining or predicting human

behavior as well as a useful guide in designing future statistical

investigations of factors related to the productivity of labor whether

they are conducted by psychologists, economists, or other social

scientists.

Legislators should be aware of the implications of labor hetero-

geneity when considering the enactment of legislation regulating labor

wage rates. Setting minimum hourly wage rates in an industry above

the marginal value product of labor for some individuals can result

in their forced withdrawal from the industry. Such minimum wages may

be to the benefit of neither the entrepreneurs or the displaced laborers

in the industry if suitable alternative employment opportunities are

not available. Establishing minimum piece-rates for apple harvesting

at an appropriate level can guarantee pickers the opportunity to earn

an acceptable wage on an hourly basis without the undesireable conse-

quences of displacing less productive workers.

Labor heterogeneity also has implications for individuals in a

position to hire and/or supervise labor. Using the selection of apple
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pickers as an example, the apple picking rates of individuals or groups

may vary considerably from one situation to another. Knowledge of the

relationship between working conditions and worker productivity would

appear to be a prerequisite to the selection of apple pickers. And

if any variation in picking conditions exists within an orchard, worker

productivity may be increased by placement of workers to take advantage

of differences in worker productivity under various conditions.

The most striking findings of this study with implications for i

selecting apple pickers will probably not surprise many apple growers.

Residenuaand experience were the worker characteristics which most

consistently differentiated between fast and slow pickers. Residents

of states other than Michigan consistently out-performed Michigan

residents in picking apples. And experienced pickers had higher

productivity levels than inexperienced ones in a majority of situations.

The difficulty growers would have in supervising workers to

take advantage of the situations in which differential picking rates

might be expected would make this practice of questionable usefulness.

For example, the results of this study suggest that in a situation

where both resident and nonresident labor is being used an aggregate

increase in bushels of apples picked per hour would be expected if

Michigan residents picked the tree with the widest spread and nonresi-

dents picked the remaining ones. Total harvest 1abor costs would not

be lowered by separating workers in the above manner if harvesting

was done on a piece-rate basis, but harvest period length which may

be an important consideration should be shortened. However, different

piece-rates for residents and nonresidents might have to be established
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to compensate Michigan residents for working under less favorable

conditions and more supervisory time would be required to assure

that residents and nonresidents worked in the appropriate trees. A

more detailed study of the economic benefits to be expected from such

a practice should be made before recommending it to growers.

The results of this study have implications for apple growers

in at least one way in addition to picker selection and placement.

This is with respect to long-range planning of an orchard and its

management. Tree age and tree spread were both found to have a

negative relationship to apple picking rates. This relationship

should be considered by apple growers when planning the variety and

type of trees, i.e., dwarf or standard, to plant in a new orchard

and in timing the replacement of an existing orchard. Picking apples

to be sold as fresh fruit was a practice found to significantly

reduce apple picking speed. Growers should take this effect on

worker productivity into consideration when making management decisions

with respect to market outlets for apples. These relationships would

have an influence on apple harvesting costs if hourly wage rates were

being paid, but if piece-rates were paid the timeliness of harvesting

would be the important consideration.
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APPENDIX



require some additional explanation.

APPENDIX

Two statistical tests discussed in Chapter III on page 19

for differences between means.

A test of the form ,

Differences Between Means

1

 

z = x1 - x2 - a

2 2
( 31 + 32 )1/2

n1 n2

The first of these is a test

was used to test the null hypothesis that the means of the dependent

variable (bushels of apples picked per hour per picking unit) for the

two years 1965 and

sample

x2 = sample

3 = sample

s2 - sample

n1 8 number

n2 = number

1966 were equal. In the above equation:

mean of dependent variable in 1965

mean of dependent variable in 1966

standard deviation of dependent variable

standard deviation of dependent variable

of observations on dependent variable in

of observations on dependent variable in

in 1965

in 1966

1965

1966

a = the hypothesized difference between the means of the

dependent variable in the two years 1965 and 1966, a =

0 for the null hypothesis

 

N. J.:

1

Prentice-Hall, Inc., 1962, pp. 266-9.
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John E. Freund, Mathematical Statistics, Englewood Cliffs,
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The null hypothesis Ho: u.1 -112 = 0 was tested against the

alternative hypothesis HAzpl - 142 7‘0

Where:

“1 = population mean of dependent variable in 1965

population mean of the dependent variable in 1966
“2

Using the appropriate values calculated from the sample data for the

two years, 2 was calculated as follows:

 

z = 9.6134 - 8,2738 1/2

((4,3807) + (3.290412)

3982 647

z = 16396

(12,129: + 10,§2§z ) 1/2

3982 647

z = .6396 as .6396
 

(.0048 + .0167)1/2 (.0215)1/2

= I6326 = 4.3629

.1466

The null hypothesis H0: ”1 - 02 = 0 must be rejected since 2 = 4.3629

is greater than the appropriate value from a t-table at all commonly

accepted levels of significance. For example, 2 = 4.3629 is greater

than the t-table value of 2.576 for the 99 percent level of confidence

for large samples.

Equality Between Coefficients in Two Relations

The second statistical test discussed on page 19 is a test of

equality between coefficients in two relations taken from Johnston.2

 

2J. Johnston, Econometric Methods, New York: McGraw-Hill Book

Company, Inc., 1963, pp. 136-7.
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This test is used to determine whether the observations taken in 1966

came from the same relationship as those taken in 1965. Let Y1 =

X1131 + u1 represent the relationship between the dependent variable

and k independent variables in 1965. Let Y2 = X2132 + u2 represent

the same relationship for 1966.

Y1 represents the observations taken on the dependent variable

in 1965 and is of order n x 1. Observations taken on the independent

variables in 1965 are represented by X1 which is of order n x k. 31

which is order k x 1 represents the independent variables observed

in 1965. The disturbance (or error) term in the relationship for 1965

is represented by u1 which is of order n x 1.

Y2 is of order m x l and represents the observations taken on

the dependent variable in 1966. Observations taken on the independent

variables in 1966 are represented by X2 which is of order m x k.

52 is of the same order as B1 and represents the same independent

variables as did Bl. The disturbance term in the relationship for

1966 is represented by u2 which is of order m x 1.

Assuming that u1 and u2 both have the same normal distribution

 

with variance - covariance3 matrix 021 and that m > k; the hypothesis

Bl = B2 = B may be tested by computing the F ratio,4

Q3

"'RT'

F - Q2

 

(m + n - 2k)

 

3Where I is an identity matrix and 02 is a scalar.

4For a discussion of the development of this test see Econo-

metric Methods, pp. cit., pp. 136-7.
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with degrees of freedom (k, m + n - 2k). To compute the value of this

F ratio the following steps are necessary:

1.

5.

6.

Combine the 1965 and 1966 data and compute the least-squares

estimates of the regression coefficients and then obtain the

sum of squared residuals, Q1.

Compute the least-squares estimates of the regression coef-

ficients for each year's data separately and obtain the sum

of squared residuals for each year separately.

Total the two sums of squared residuals for the two years

to obtain QZ'

Compute Q3 = Q1 - Q2'

Compute F as defined above.

If F>Fa ,k,m""n-2k rejeCt the hYpOthCSiS ‘31 = $2 =B .

The calculation of F using the appropriate values for the two

relationships observed in this study is as follows:

= 69,419.3928

= 61,819.1060 + 5,252.4898 = 67,071 5958

= 69,419.3928 - 67,071 4948 = 2,347 7970

= 3982

= 647

= 24

2,347.7970

= 24

67,071.5958

647 + 3982 - 2(24)

 

 

 

2,347.7970

I 24

67,071.5958

4581
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F = 97.8248 = 6.68

14.6412

Since F = 6.68 is greater than F.01,24,cn = 1.79 the hypothesis that

51 =I32 =I3 must be rejected at the one percent level of significance.
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