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HENRY BoRSouK, M.D.' 

THE effects of vitamin supplementation upon a group of air
craft workers are discussed in: this third report ( r, 2) from 
the study of the nutrition of aircraft workers in Southern 

California. The effects described in this report are on absenteeism, 
termination rates, and Merit Review Scores, or the ratings made at 
intervals on work performance of employes. 

This report is divided into two parts. Part I explains the position' 
1 This Study of the nutrition of aircraft workers in California was sponsored by the 

Nutrition Committee (R. A. Millikan, Chairman), appointed by the Board of Supervisors 
of the County of Los Angdes, California, and the Committee on the Nutrition of Industrial 
Workers of the National Research Council. The Study was supported in part by the sponsors 
and by the following: the California Institute of Technology, The Lockheed Aircraft 
Corporation, the Milbank Memorial Fund, the War Production Board, and the Works 
Projects Administration (Project No. 12372). Support was also received from the California 
Fruit Growers Exchange, the Gdatin Products Corporation, Merck and Company, the 
National Oil Products Company, the Research Corporation, E. R. Squibb and Sons, and 
the Vita·Food Corporation. 

We wish to thank the officials of the Lockheed Aircraft Corporation who authorized 
the Study and who offered us every facility to carry it out. Their contribution was especially 
noteworthy in that the Study was made during the years of rapid expansion (1942~1943), 
under the heavy stress such activity implies. We are greatly indebted especially to Mr. Robert 
E. Gross, President; Dr. F. E. Poole, Medical Director, to whose department this Study was 
assigned; Mr. Dwight L. Palmer, Manager, Industrial Relations Research Division; Mr. L. 
Stockford, Analyst, who participated in the collection of data and in the preparation of 
preliminary reports; and to Mr. R. B. Robertson, Assistant Director of Industrial Relations. 
It is a pleasure to record the patient friendliness and cooperation extended us by the 
personnel of the divisions of Active F"tles and Inactive Files, and by the supervisorial staff 
in the plant. 

We wish to thank the local union (affiliated with the A. F. of L.), to which the workers 
belonged, for its approval of the Study and for its cooperation. 

We arc indebted to Miss Dorothy G. Wiehl of the Milbank Memorial Fund for her 
searching criticism of the data in this report, for many valuable suggestions on the mode of 
presentation and assistance in the statistical analysis. We are indebted also to Miss Josephine 
Williams of the California Institute of Technology for her zeal and thoroughness in running 
down innumerable details in the Company records, and for her participation in the tusk of 
rechecking and tabulating all the data. We take this occasion, also, to thank Dr. Roger 
Stanton of the California Institute of Technology, who assisted us, as a volunteer, in every 
phase of the Study. 
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of the present report in the series comprising a study on nutrition 
in industry. It oompares the workers in this Study with the general 
industrial population. It explains the nature of ~e vitamin supple
ment used, and the nature of the placebo given one control group. 
It explains the sele<;tion and composition of the vitamin and pla~ebo 
groups, and of a second control group selected to appraise the 
psychotherapeutic, as distinguished from the putative therapeutic, 
effect of a vitamin supplement. In order to appraise the possible 
contribution of changes in diet to the differences in industrial per
formance observed, a summarized analysis is presented of the two 
sets of diet histories, one taken at the beginning, the second at the 
end of the Study. 

Part II presents the data on absenteeism, turnover, and Merit 
Review Scores, and discusses the differences which occurred in these 
respects between the groups during the year of the Study. 

PART I 

1. INTRODUCTION 

It has been demonstrated repeatedly that the diets of most workers 
in the United States are inadequate. Some employers, persuaded 
that they can increase production by improving nutrition, have 
supplemented workers' diets with vitamin concentrates. But, at the 
time our Study began, this practice was not accompanied by studies 
of the nutritional status of workers before and after the feeding of 
vitamin supplements; nor, apparently, had there been any attempt 
to estimate from objective data obtained in controlled experiments 
what had been gained by the use of such supplements. 

Accordingly, the Committee on the Nutrition of Industrial 
Workers recommended in 1941: 

That adequately controlled studies be conducted in selected war or 
defense industries to determine the facts concerning the inRuence of diet 
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and nutrition on health, working capacity,. incidence of accidents, 
absenteeism, and the psychological state. • 

A study among workers of the Lockheed Aircraft Corporation, 
Burbank, California, was undertaken in direct response to the 
Committee's recommendation. 

Tlie main procedures, which taken together comprised the Study, 
were as follows: 

I. Taking and analysis of the diet history of every subject. 
2. Medical history and physical examination by clinical and laboratory 

methods with special reference I<? nutritional status. 
3· Daily administration of a vitamin supplement to one group of 

subjects and of a placebo to a control group for a period of one year. 
4· The selection, for appraisal of psychotherapeutic effects, of a second 

controi group, which received neither supplement nor placebo. 
5· Taking and analysis of diet histories a year after the first. 
6. A second medical history and examination by clinical and labora· 

tory methods at the end of the Study. 

All the subjects were white males, who volunteered from every 
major department in the plant. The great majority of them worked 
on the swing shift (4:oo P.M. to 12:30 A.M.); but some office 
workers and members of the supervisorial staff, from all three shifts, 
also volunteered. In all, 1,173 men were examined. 

The initial examinations of the subjects began in November 1941 
and ended in February 1942. The reexamination of the 595 men 
remaining in the Study began in December 1942 and was com
pleted by mid-March 1943· As referred to hereafter, the Study year 
covers the period March 1, 1942-February 28, 1943· 

Reports have been published on the findings resulting from the 
first two procedures (1,2): The contents ·of the present report are 
described above. A fourth and final report will compare the find
ings on the second physical examinations with those on the first, 
and present the findings on the'incidence of injuries and illness. 
The final report will conclude with comment on the Study viewed 
as a whole. 
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2. CHARACTERISTICS oF THE. SuBJECTS IN THE STUDY AND THEm 
RELATION TO THE EFFECT REAsoNABLY· TO BE ExPECTED 

FROM THE VITAMIN SUFPLEMENT 

The subjects in the Study were a highly selected group of young 
men exceptionally interested in their work. They wer1= highly 
selected because they had passed a preemployment medical and 
psychological aptitude examination, and their health and their 
psychological aptitude were important points in their selection for 
employment. The factor of selection was real because, at the time 
these men sought employment, the labor supply exceeded the 
demand; accordingly, selection standards were high. 

Most of the workers were young men. Over 70 per cent were 
under 30 years of age at the beginning of the Study. Approximately 
44 per c~nt were single, 54 per cent married, and I per cent divorced. 
Of the total number married, 43 per cent had no children, 30 per 
cent had one child, 17 per cent two children, and IO per cent more 
than two children. 

The subjects were exceptionally interested in their work. Thirty
one per cent of them, during the year before the Study began, had 
come from other states to work in the aircraft industry, an industry 
with an especial appeal to young men. 

Two items of evidence taken from data in the sections which 
follow show the superiority of the Srqdy group. Their rates of 
absenteeism and of turnover were relatively low compared with the 
rate for the aircraft industry in southern California during I942-
I943· The rates of absenteeism in the Placebo and Vitamin groups 
in the Study were 4·4 and 4.0 days absent per zoo working days 
during the Study year. A representative figure for the whole air
craft industry in southern California, during 1942-1943, is about 
7.0 (3). The annual turnover rate (excluding military terminations) 
for one of the groups was 18 per cent, for the other 24 per cent. 
The "quit" rate (i.e., nonmilitary terminations plus dismissals) for 
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the aircraft industry during the same period was 47 per cent (4). 

This comparison of the subjects in the Study with the general 
industrial population in the aircraft industry in the region demon
strates the initial superiority of the Study group in the above two 
respects; accordingly they were nearer to the highest level possible 
of attainment. A great effect of the vitamin supplement on absen
teeism and turnover and, by inference, on other aspects of industrial 
performance was, therefore, not to be expected. 

The first examination revealed no acute or severe nutritional 
deficiency diseases. Consequendy there was no opportunity for the 
dramatic results which undoubtedly would have occurred had there 
been a relatively high incidence of such diseases. 

Another consideration to be borne in mind in appraising the 
effects of the placebo and of the vitamin supplement is that the 
Placebo and Vitamin groups were composed of men who volun
teered for the Study. They may be presumed to be men who are 
consciously desirous of improving their health, with initiative (they 
acted on an opportunity to do something about it), and of a cooper
ative frame of mind. These traits are not pre;nt in all worke~s; and 
in those who possess them, they make for better industrial morale. 

There is in addition a general consideration, to which much 
weight is given in industrial practice, to be taken into account in 
anticipating or appraising the effects of any single welfare measure; 
namely, the multiplicity of factors which affect absenteeism, turn
over, and work performance in general. Even among those which 
are known, some of the most important factors are beyond the con
trol or even influence of either employer or employe. Those respon
sible for personnel relations in industry do not, therefore, demand a 
very great improvement from any single ameliorating factor even 
from those as persuasive and direct as pay increases, introduction of 
rest periods, and improved eating facilities. What is hoped for is a 
worth while over-all result from the accumulation of the small effects 
of many factors in a welfare program. Only a small effect can be ex-
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pected from a factor operating as indirectly as the giving of vitamins 
to a relatively superior group, neither severely malnourished nor 
undernourished; especially as, for the great majority, the work was 
not heavy and there were no hazards such as high temperature, very 
high or very low humidity, or exposure to toxic chemicals. 

On the other hand, if ·a statistically significant benefit of the 
vitamin supplement, even though small in absolute terms, was 
observed in this superior group of industrial workers whose work 
was not particularly strenuous or hazardous, one may reasonably 
expect similar or larger benefits in the general industrial popula
tion, and especially where the work is strenuous or hazardous and 
the prevailing diet is less adequate than in our Study group. 

3. THE NATURE OF VITAMIN SUPPLEMENT AND PLACEBO 

The formula for the nutritional supplement, consisting of vita
mins and calcium in tablets and capsules, was prescribed by the 
Committee on the Nutrition of Industrial Workers of the National 
Research Council. Its composition was as follows: 

Vitamin A (from fish liver oil) 
Vitamin D (from fish liver oil) 
Vitamin B1 (synthetic) 
Vitamin B2 (synthetic) 
Niacinamide (synthetic) 
Ascorbic Acid (synthetic) 
Calcium (Ca Co3) 

5o,ooo I.U. 
Boo I.U. 
Iomg. 
Iomg. 

Ioomg. 
25omg. 
soomg. 

These amounts of vitamins and calcium, divided into two equal 
doses, were given five days a week for a period of one year. The 
recipients of the vitamin-mineral supplement are designated the 
Vitamin group. 

The placebo was given the men exactly as the supplement; it con
sisted of sodium bicarbonate in tablets, with coloring added to one 
of them to simulate riboflavin, and of corn oil in capsules to simulate 
those containing vitamin A and D. The placebo tablets and capsules 
were identical in appearance with those containing the nutritional 
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supplement. The secret of the placebo was well kept. Discreet ques
tioning at the end of the Study failed to reveal a single worker who 
had discovered it. Those who received the placebo are designated 
the Placebo group. 

Both supplement and placebo were given the men at their places 
of work by a group of dispensers whose duty it was to locate every 
subject assigned to them for service. The dispensers carried the 
tablets and capsules in paper cups. It was the duty of each to observe 
his subjects swallow, with the aid of a cup of water, what had been 
given them. Then the dispenser recorded on a card that the supple
ment had been given: 

Volunteers for the Study were men working on the swing shift. 
They were employed in all the major departments of the plant. 
As they reported for their first physical examinations, they were 
assigned alternately either to the Vitamin or to the Placebo group. 
Feeding of the full vitamin supplement, as described above, began 
March r, 1942 and continued throughout the Study year. · 

4. CLASSIFICATION oF SuBJECTS FoR PURPosES oF Tms RE~oRT 

Accurate observation of the effect of a vitamin supplement upon 
absenteeism, turnover, and Merit Review scores demands the com
parison of homogeneous populations. In order to obtain the neces
sary homogeneity in the groups compared, we have confined our
selves in the present report to those employed on direct production: 

a Some men, because they transferred to other plants, departments, and shifts, became 
inaccessible for daily service by the dispensers. These men were saved to the Study because 
they called at the office weekly for a five-day supply of vitamins or placebo. We have 
evidence that the men in the Vitamin group took their supplement in that their blood 
ascorbic acid values in the second physical examination were so high. By inference, the 
placebo also was taken regularly. . 

'Men of supervisorial rank are excluded from this report for several reasons. The 
different ranks of supervisors are not comparable with one another. The criteria in their 
Merit Review scores differ from those used for production workers. The number was 
relatively small, and they were not evenly divided between the Placebo and Vitamin groups. 
Moreover, because they are a more highly selected class than men working on direct produc· 
tion and as a direct consequence of their responsibility, men with supervisorial responsibility 
tend to have markedly fewer absences, to be absent for different reasons, and to have a much 
lower rate of turnover than the rank and file of direct production workers.,A final reason 

(Continued on page 8) 
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In addition, changes in work shift during the Study of a consider
able number of subjects made it desirable to subdivide them accord
ing to whether they remained on the swing shift or were transferred 
to the day or graveyard shift. 

During the course of the Study many subjects were lost through 
termination of employment, transfer to other shifts and depart
ments, and (a very few) through loss of interest. Since the objective 
of the Study was to evaluate the effects of a vitamin-mineral supple
ment, it was considered necessary to allow some period of time 
before the therapeutic effects would be manifested in performance, 
and to select some minimum observation period after therapy might 
become effective: Therefore, it was decided to base the comparisons 
of the Vitamin and Placebo groups with respects to absenteeism and 
the Merit Review scores on those men who continued to receive 
vitamins or placebos for at least the first nine months of the Study. 

There were 528 men who remained in the Study until December 
r, 1942 ( a period of nine months) or to a later date. These were 
equally divided between the Vitamin and Placebo groups. These 
groups differed somewhat in the proportions who continued on the 
swing shift and who remained in the Study and on production work 
for the entire twelve months. In the following tabulations, four 
subgroups of the above Placebo and Vitamin subjects are used, 
as follows: 

(I) Subjects in the Study for twelve months who remained on the 
swing shift and on direct production throughout this period. This class 
is designated "Throughout" Class, Swing Shift. 

( 2) A composite class designated "Whole" Class, Swing Shift, con
sisting of the following: (a) the "Throughout'' Class, Swing Shift; 
(b) subjects in the Study for more than nine months on the swing shift 
and on direct production, who terminated their employment before the 
end of the Study year, i.e., in the last quarter. Their absenteeism records 

for c:~:cludin!J' men of supervisorial rank is to confine this report to men engaged in physical 
work all theil· v.r.rlcing time. For this last reason the few clerical workers were exduded also. 

•This is diiCIJfS'rd in greater detail in the next section. 
•--r-,,-· 
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were included to the end of the last fuJI calendar month of their employ
ment, i.e., their records for the month in which they terminated were 
excluded; (c) subjects employed for twelve months who remained on 
the swing shift and on direct production throughout this period, but 
who left the Study in the last quarter because of transfer to other plants 
or departments where they could not be served by the dispensers, and 

- did not call for a weekly supply of vitamins or placebos. Their 
records are included for the whole twelve months of the Study year 
because it was felt that they had been receiving the vitamin supplement 
or placebo for so long that it was reasonable to expect the effects to.per
sist for so short a remainder of the Study year; (d) men who changed 
to work other than direct production, e.g., promotion to supervisor or 
change to clerical work. Their records were included to the end of the 
last calendar month they were on direct production, although this period 
may have been less than nine months;' and (e) subjects who toward the 
end of the Study year returned to direct production from supervisorial 
or clerical work. These men were in the Study for twelve months and 
were on the swing shift during their period of production work. Their 
records were included from the first fuJI calendar month they were on 
direct production. 

(3) Subjects in the Study for twelve months and on direct produc
tion throughout this period, who had a change of work shift at any time 
during the Study year. This class is designated "Throughout" Class, 
Day and Graveyard Shifts. 

(4) A "Whole" Class, Day and Graveyard Shifts similar in compo
sition to class ::>. above except that these men had a change in work 
shift during the Study year. 

9 

One other group of direct production workers has been composed 
·and is designated Terminees. This group consists of subjects who. 
remained in the Study for less than nine months. Most of these 
were lost to the Study because they terminated their employment; 
a smaller number did not call for a weekly supply of vitamins or 
placebos after they were transferred to other plants, departments, 

., As stated in footnote 4, supervisors of all ranks had less absenteeism than production 
workers. Inclusion o£ absenteeism records after promotion to supervisorial rank would tend 
to reduce rates of absentedsm, especially in the second half of the year. Since there were 
more promotions in the Vitamin group than in the Placebo group, the effect of the factor 
of promotions on any differences in absence rates has been eliminated. 
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or shifts where they could not be served by the dispensers. Most of 
the losses in the Terrninees class occurred in the first six months of 
the Study year. As by far the great majority were working on the 
swing shift at the tinle they were lost to the Study, and the number 
who transferred to other shifts were too few for statistical purposes, 
the Ten'ninees were not subdivided into swing and day and grave
yard shift classes. The records of the Terminees were counted 
through the last full calendar month they remained in the Study. · 

Very early in the Study several men in the Placebo group reported 
improvement in health, which they ascribed to the vitalllins they 
were taking. A questionnaire circulated among both the Vitamin 
and Placebo groups, after the supplement and placebo had been 
distributed for about two months, showed that a psychotherapeutic 
effect was widely felt. 

In order to appraise the psychotherapeutic effect per se a second 
control group was added, composed of men who did not participate 
in the Study in any way, and whose characteristics matched those 
of the two other groups at the end of the Study. The decision to 
wait until the end of the Study was made because the Study was 
under way when the psychotherapeutic effect was first discovered; 
and we could not anticipate what changes would occur by the end 
of the Study year in such characteristics of the Vitamin and Placebo 
groups as age, duration of employment, and type of employment. 

Mr. L. Stockford, Analyst of the Lockheed-Vega Aircraft Cor
poration, selected 'the men who comprise the nonparticipating 
second control group. It was sele~ted from men who were employed 
on the swing shift throughout the period of the Study, and matched· 
with the final composition of the Vitamin and Placebo groups with 

, respect to age, duration of employment, and type of work. Selection 
was made solely from Company records,- without interviewing any 
of the men. No subject selected was aware of the fact, and the 
selection was completed before any of the results of the Study were 
known or even tabulated. 
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The second control group is designed hereafter as the C group. 
It is comparable to the "Throughout" Class, Swing Shift, of the 
Placebo and Vitamin groups. 

\ 

Table 1. Comparison of Control and Vitamin groups at beginning of Study 
(March 1942) with respect to age, previous duration of employment, and merit 
rating. 

MBRIT RBvu!w1 

Sco:a.s 
NUMDBil MEAN MEAN 

SnmY Ga.otJP 1N Aosm MONTHS 

GaoUP YBARS EMPL011ID Mean 
Number Total 

Score 

All Suhjtdl Rt1114ining in Study' f"' 
Nint Months tJt' Mort 

Placebo Group 164 2.8.0 12..6 111 33-9 
Vitamin Group 164 19-3 14.1 w8 33-9 

''Throu&hout'' Cla.Js, Swing Shift 
CGroup 187 19·5 14·4 165 33·8 
Placebo Group 166 18.6 n.o Ij6 34-0 
Vitamin Group I38 19·9 12..8 118 34-1 

.. lfh•k' Clms, Swing Sh•Jt 
Placebo Group 108 17-9 11.,3 '74 33-7 
Vitamin Group I98 1.,9.1 14.8 IjO 33·8 

''ThroughfJut'' Chu, ChatJgtd ID Day 
11nJ Grllfltyard Shifts 
Placebo Group 34 30.2. 12..6 3' 34-9 
Vitamin Group j1 3°·9 12..4 47 33·6 

'"WhDk" Cl~t~s, Chllntpl to Day tmd 
nd &••tyard Shifts 
Placebo Group j6 2.8.1 13-7 38 34-7 
Vitamin Group 66 19-7 12 .• 1 s8 34-0 

Tmninm, All Shiftr 
Placebo Group Ij8 15·5 Jlo3 
Vitamin Group Ij6 1j.8 10.6 

1 The ratinp uaed were made within two montha of March 1, 194a, and were of thoee 
men for whom a ratina at the end of the Study could be obtained. 

1 Inc:ludet men whose occupational statUI chanaed from direct production to supervision 
or clerical work, and vice veraa. 

I Inc:ludes all men who were lost to the Studr for the following reasons: (a) terminated 
prior to the lalt quarter of the StudY year, and (b) l01t to the Study prior to the last quarter 
of the Study year because of tra1111ftt to departments or ahifta where they were inacceuible: 
for service by the dlspensera, although they remained employed. The sreat majority In 
tbll eroup were men who terminated their employment. 
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5. EVIDENcE FOR nm INITIAL SIMILARITY oF nm Two CoNTROL 

GROUPS AND TilE VITAMIN GROUP 

Table I-Compares the three main groups, C, Placebo, and Vitamin, 
at the time the Study began. This comparison is based upon age, 
duration. of employment, and initial Merit Review scores. With 
respect to (:ach of these factors, subjects in the Placebo and Vitamin 
groups who remained in the Study for nine months or more are 
very similar. The figures show that this conclusion is valid also in 
the triple comparison of the C group and the "Throughout" Class, 
Swing Shift subgroups of the Placebo and the Vitamin groups. 
The small differences in age, duration of employment, and initial 
Merit Review scores' were not correlated with differences in 
performance. 

The initial comparability of the Placebo and Vitamin groups is 
further supported by the closely similar initial rates of absenteeism 
and turnover shown in later sections. 

We are justified, therefore, in ascribing to the experimental 
variants any differences which appeared later.' 

Table I shows that the Terminee groups were younger and tended 
to have a shorter period of employment before March I942 than 
those who remained in the Study for nine months or more. 

6. DIET HISTORIES 

Diet histories included as a part of the final examination of sub
jects were taken and analyzed by the methods used by Wiehl (I) 
for the diet histories taken at the beginning of the Study. Tables 2, 

3, and 4 contain the summarized findings and comparisons with 
those a year earlier. 

"Later sections show that the small initial differences are not statistically significant. 

• 
1 On the assu!Dption, of co~rse, that the only variants in the three groups were those 

m~oduced.cx~enmcntally, whtch as far as. we know was the case, except for change in 
shift, termmat1on of employment, promotiOn from direct. production to supervision or 
dem6tion, and change from direct production to clerical work. These changes have been 
taken into account by the classification explained above in Section :z. 
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Dllc. I9<j2.-M.uCB 1943 Nov. 1941-FBB. 1942-

Fooo Gaoti'P RATINal Per Cent of Total in G.;oup Per Cent of 
Total Subjects 

Placebo Group Vitamin Group 

Milk A 64 6o 51 
B 11 18 16 
c 14 :u. 33 

Vegetables A 15 11 11 

B 2.2. 15 ~3 

c 63 75 56 

Citrus Fruit and A 34 34 36 
Tomatoes; Whole B :u. 19 15 
Fruit and Juices c ·44 47 49 

Eggs A 73 6o 59 
B 14 16 18 
c IJ 14 ~3 

Meat A 81 77 95 
B 11 19 4 
c 7 4 1 

1 A itl&tilfac:tory, B 11 marpal, and C UDiatiafactory, Se1 Footnote g, 

Table 2. Percentage distributions of weekly diets according to the qualitative 
rating for each of five food groups. 

The data in these tables show that the quality' of the diets of 

D Diets were classified as: satisfactory (A), marginal (B), and unsatisfactory (C) for 
each of five food groups, as folloWs: 

Mill(: A- 10 or more glasses 
B - 6-9 glasses 
C- 5 or less glasses 

Vtgelahles: A- 6 or more servings of green or ydlow vegetables 
B - 4 or more servings of green or ydlow vegetables, 

and at least 7 of all kinds . 
C-3 or less servings of green or yellow vegetables, 

or less than 7 total with 4 or s green or 
. ydlow vegetables 

Citrus Fruit and Tomato: A -7 or more 
B-sor6 
C-4orless 

Eggs: A-4ormorc 
B-2or3 
C-toro 

I...ean Meat, Fish, or Poultry: A- s·or more times 
B-30<4 
C-2orless 
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O.C. 1941--M.uCB 1943 Nov. 1941-FBB. 1941-

Gmnlui. 
R.& ........ Per Cent of Total in Group Per Cent of Total 

~All SubjectS 

Placebo Group Vitamin Group 
' 

Slllis/MI"7: A 1.6 5·6 1.1 

Mltiul: B I3,2. 7-'J JI.1. 

1 Food Group 4·8 5·1 6.3 
1 Food Group 5·8 1.7 H 
3 Food Group 1.1 1.1 o.8 
4 Food Group 0-5 0 0-5 

Uru,ufMt"7: c 85·3 86.4 86.5 
1 Food Group 37·6 19·9 31·3 
1 Food Group 30·7 35·0 35·8 
3 Food Group 13.8 16.4 15.6 
4· Food Group 3·1 4·5 1.8 
5 Food Group 0 o.6 0 

1 The aeneral ratin& ~the lcnnst qualitative ratln& for one or more of the five food 8J'OUPI, 
Su Footnote p for the:~ of the ratin8: ln each food eroup. 

Table 3· Percentage distribution of wcckly diets according to lowest qualitative 
rating for any of the five food Bl:oups. , 

subjects in the Placebo and Vitamin groups was very similar in the 
winter of I!)42-I943· In both groups the distributions of diets accord-

\ 

Table 4· Percentage distribution of two-day diet histories according to daily 
intake of calories. 

O.C. 1941-MARCB 1943 Nov .. 1941-FBB. 1941 
DAILY INTAEB 

Per Cent of Total in Group 01' CALOKIBI Per Cent of Total 
' -All Subjects 

Placebo Group Vitamin Group 

Less Than z,Soo 1.2. 3-3 8.8 
x,Soo-'J-,199 8.4 4-7 17.6 
1.,2.0o-1.,s99 14.6 17·4 2.0.0 
2.,6oo-1.,999 2.0.8 1.7.0 2.0.0 
3·~·399 2.0.8 2.4·0 '7·6 
3·400'"3·799 9·6 I].O 9·2. 
),Soo-4,1.99 xs.2. 4·0 2..8 . 
.f,1.0o-4,599 1.2. 3-3 2..4 
4,6oo or More .6.2. 3-3 1.6 
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ing to qualitative ratings are essentially the same as for the total 
subjects in the winter of 1941-1942· The slightly lower consumptio~ 
of meat in the second period, compared with that a year earlier, 
probably was because the meat supply was temporarily restricted. 
during the winter of 1942-1943. The dietary histories indicate that 
the food habits of both groups remained essentially unchanged 
during the Study year. It is reasonable to infer that the nonparticipat-
ing control group had similar diets. · 

PART II 

The sections which follow present the findings for the Study year 
with respect to absenteeism, termination rates, and Merit Review 
scores. All the data were obtained from Company records. The 
accuracy of the transcription was verified by a second transcription 
of the original data, followed by correction of discrepancies between 
the two transcriptions. 

1. ABSENTEEISM 

Absenteeism during the Study year is presented for two periods, 
the first and second six months. It is reasonable to expect that any 
effect of the vitamin-mineral supplement on absenteeism would 
become manifest only after some period of therapy and that, what
ever the time delay in the appearance of any results, the effects would 
tend to cumulate and should become more measurable in the latter 
part of the experimental period. 

Rates of absenteeism are expressed as days absent per roo working 
man days," that is, the per cent of total working days lost because' 
of absences. 

10 The number of days absent and the number of working days within a given period 
are computed for each man, and these are summated for all men in a specified group. 
(Authorized vacations with pay, five days for most men and ten days for a very few, were 
not included in the number of working days.) From these totals, a per cent or absence rate 
per 100 days, is readily calculated. The advantage of this rate is that working periods of 
different durations can be combined, and the absentee records for men in the Study only 

(Continued on page r6) 
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Two main comparisons made are: (a) between the Placebo and 
Vitamin groups to exaniine the possible therapeutic effect of the 
Vitamin supplement on absenteeism; and (b) between the C (non
participating control) group and the Placebo and Vitamip. groups, 
to observe the psychotherapeutic effect of the placebo and the vita
min supplement on absenteeism. 

The data for each of the above comparisons are treated in two 
ways: differences in rates of total absences; and differences broken 
down according to cause. 

A. COMPARISON OF ABSENCE RATES OF THE PLACEBO 

AND VITAMIN GROUPS 

Absence Rates from all Causes. Rates of total absences in the first 
half and second half of the Study year are compared in Table 5 for 
the Placebo and Vitamin groups. Differences between rates for each 
Placebo and Vitamin group in each six-month period are given in 
Table 6, together with the statistical probabilities of the occurrence 
of these differences. 

For the total Study population, designated "Whole" Clas~, An 
Shifts, Table 5 shows that in the first six months the absence rates 
were practically the same in both groups (Vitaniin group 105 per 
cent of the Placebo group). In the second six months, the rate for the 
Placebo group increased to 120 per cent of its first six months' rate; 
the rate for the Vitaniin group decreased to 93 per cent. In the Place
bo group there was the usual fall and winter increase in absenteeism; 
in the Vitaniin group the seasonal influence was counteracted. 

The difference between the Placebo and Vitamin groups in the 
first six months is not statistically significant. 
part of a given six months can be added to those for subjects who were employed the full 
period. All rates are directly comparable since they are expressed in the same unit of 100 
days. The numbers of days on which men were supposed to work were not identical for the 
two six~months periods (131 and 128 days for the first and second six months, respectivdy) 
and the average numbers of days absent per man (or pc:r capita for a specified period) would 
not be comparable for the two periods, even though all persons were in the Study for the 
full period. The absence rate per too working days can be converted to an average rate per 
person for any desired period by multiplying the rate by the ratio of the number of days 
in the desired period to too. 
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In the second six months, the absence rate for the Vitamin group 
was 19 per cent lower than that for the Placebo group. As shown in 
Table 6, the rate for the Vitamin group was o.89 days per 100 
working days less than the rate for the Placebo group, a dilference 
that is highly significant in a statistical sense,,.. since the chances of 
its occurrence from random sampling are less than one in a million. 
For the full six months of 128 days, this is equivalent to a dilference 
of 1.14 days per man. 

The same initial similarity and subsequent lesser absenteeism in 
the Vitamin group occurred consistendy in all the subgroups of the 
Placebo and Vitamin groups. In every comparable pair of sub
groups the Vitamin subgroup had the higher rate in the first six 
months and the lower rate in the second six months. None of the 
differences in the first six months are statistically significant, and 
all, except one, in the second six months are significant. 

The exception is in the "Throughout" Class, Swing Shift. This 
subgroup had the lowest absenteeism in the second six months. It 

u The probability (P) for a difierence in absence rates was obtained from the ratio of 
the difference to the standard error of the difference (E.). The StaJ?.dard error of the dif~ 
ference was calculated as follows: 0' d 

pq - +-... =•ooy (' 1 ) 

Nl N2 
Total days absent in both groups P- . 
Total number of working days in both groups 

q=I-p 
N1 and N2 are the numbers of working days in each of the two groups compared 
P for any ratio(~J is obtained from a table giving the proportion of the area 

under a normal ~rve in terms of the standard deviation. 

The meaning of the estimated statistical probability m:iy be brieBy explained as follows: 
it measures the chances that a difierence of the observed magnitude or larger would occur 
if the two groups compared were independent samples drawn at random from a homo· 
geneous population, that is, if the two samples were affected only by the same sources of 
variation. A convention generally accepted is that a difference is statistically significant when 
the probability (P) is .os or less, that is, when the chances are not more than five in one 
hundred that a difference equal to or greater than the observed difference would arise as the 
result of random factors. The smaller the probability the greater is the likdihood that the 
groups compared are not samples from the same universe. Interpretation of the cause of a 
significant difference must rest on other evidence of sources of dissimilarity between the 
groups compared. In the present Study, so far as could be determined, the Placebo and 
Vitamin groups differed only with respect to the experimental therapy. 
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was industrially the most stable subgroup; composed of men who 
did not terminate their employment and re.mained on direct pro
duction on the same shift for the whole Study year. Terminations 
and transfers to other shifts operated as selective influences on the 
initial groups, so that at the end of the year the men who were still 
employed and on ·the swing shift (considered the least desirable 
shift) were those who were best adjusted and most satisfied with 
their jobs~ It was to be expected that the least differences would 
occur in this subgroup because only a small effect of a vitamin 

Table 5· Total absence rates o£ Placebo and Vitamin Groups. 

DAYIABSBNT RATIO TO RATB RATIO Nmoaa OP Nm.mn o• Pn zoo o• Puamo OPRATB WoREINo 
MANDAYI GROUP X 100 MANDAYI DAYI ABSBNT 

OP 
. SBCOND 

GaoUP TO 
First Second First Second FIRJT First Second First Second 
Six Six Six Six Sa Six Six Six Six 

Months Months Months Months MoNTBJ Mopths Months Months Months 
X 100 -.. WhDie" CLus, 

All Shifts 
Placebo J-988 4·79' 100 IOO 110 31 ·55 1 19,SII 1,2.98 1,414 
Vitamin 4·'n 3·899 105 81 93 ]2.,063 2.8,718 1,3)8 x,n.o 

''Wht~k" Clms, 
Swing Shifs 

Placebo 3.86) 4·311 100 100 111 15,9Il 2.],704 11001 t,ou 
Vitamin 3·908 3·7U 101 86 9S 2.3.671 2.o,66x 91S 769 

"Wholl' Cl4ss, Day 
nd G.•••y•d Shift 

Placebo 4-473 6.7$0 100 100 Ijl 6,640 s,Bo7 197 391 
Vitamin 4·911 4·351 110 64 88 8,391 8,067 413 3S' 

''TbrDughDut'' CLiss, 
Swing Shifl 

Placebo 3·831 H73 100 100 104 2.1,1.43 10,991 814 8)4 
Vitamin H79 3.661 104 91 91 17•567 17,451 699 6)9 

"Thr11u{)D11t"' Clt~~s, 
D•J •nd G.•••JIIt'd 
Shifts 

Placebo 4-017 6.411 100 100 16o 4·331 4·305 174 176 
Vitamin HH 3.695 118 sa 78. 6,soo 6,469 )09 1)9 
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supplement or of any other welfare measure could be expected in 
industrially the most stable subgroup of a population of superior 
workers (Part I, Section 2). Although the difference in this sub
group is not statistically significant (Pis o.n), there was a definite 
trend toward less absenteeism for the Vitamin subjects, consistent 
with but not of equal magnitude to that shown for the other 
subgroups. 

The converse effect, i.e., the influence of instability in an indus
trial group on its rate of absenteeism may be construed from the 
higher rates of absenteeism on the day and graveyard shift sub
groups. At the beginning of the Study all of these men were work
ing on the swing shift. The fact that they were transferred to the 
day and graveyard shifts (two-thirds to the day shift) is evidence 
that they were discontented on the swing shift, because .the Com
pany discouraged transfer from one shift to another, and a transfer 

Table 6. Differences between total absence rates o£ total Placebo and Vitamin 
groups and of subgroups. 

DIPFBRBNCB 
STANDARD 

DIPPBRBNCB 
STANDARD 

CLASS CoMPARBD (P·V) DAYS 
Euoa or p' (P-V) DAYS 

ERROR OP 
1 

(Placebo-Vitamin) PBR 100 Paa xoo p 
MANDAn 

DIPFBRBNCB MAN DAYS 
DIPFBR.BNCB 

l'IRrr SIX WONTBS SBCOND SIX MONTHS 

''Whole:• Class, All 
Shifts -o.xSs o.x56 >o.2.o +o.89• 0.169 <o.oox 

"'Whole'' Class, Swing 
Shift -0.045 0.174 o.So +o.590 0.187 <o.ox 

"Whole" Class, Day 
and Graveyard Shifts -0.448 O.J48 0.2.0 +•·399 0.387 <o.OOI 

''Throughout'' Class, 
Swiog Shift 

''Throughout'' Class, 
-0.147 0.197 >0-40 +o.)II 0.197 >o.xo 

Day and Graveyard 
Shifts -0,737 0.405 . <o.o7 +•·7•6 0-410 <o.oox 

1 P Jdvea the probability with which dlfferen~11 equal to or exceeding thoae observed might 
arlee through chance, se1 Footnote I I. Valu~s of P above 0.10 are round~d off to the nearest 
Jow~r o.to; thua, >o.lo d~nott~s a probability areat~r than 0.10 but l~u than 0.20; valuet 
betw~~n o.to and o.oi are rounded to the n~xt high~r 0.01 valu~. thus, <o.o6 d~not~• a 
P le11 than o.o6 but greater than o.os; values between 0.01 and o.ooi are ex:prened as 
<.ot; and all vo.luea below o.ooi are ex:prened Ill <.ooi. 
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was gained usually only after some persistence. This discontent, as 
a working hypothesis, may be considered as an element of "strain." 
The "strain" was present- in the individuals and is not to be con
strued as a result or reflection of differences in working conditions 
or environment, as it is unlikely that work on the day shift PN" se 
is a greater strain than on the swing shift. 

The "strain" was reflected in the higher rates of absenteeism in 
the first six months in both the Placebo and Vitamin day and grave
yard subgroups than in the corresponding swing shift subgroups, 
and in the much greater increase in absenteeism in the second six 
months in the Placebo day and graveyard subgroups than in the 
corresponding Placebo swing shift groups. On the other hand, in 
the Vitamin subgroups, the rates decreased in the second six months 
to not far from those of the Vitamin swing shift subgroups," sug
gesting that the vitamin supplement relieved the "strain," and that 
the placebo did not. 

The findings are in accord with those of Williams, et al. (5) that 
it was in the men in which there was evidence of greater "strain" 
that the administration ·of the vitamin supplement was followed 
by a greater reduction in absenteeism. 

Absenteeism Rates According to Reported Cause. Absence rates 
were classified according to cause as noted in the Company records 
in order to gain some insight into the reasons for the differences 
observed in the total absenteeism rates. In the Company records 
absences are divided into three main categories, as follows: 

I. Unauthorized absence:" 

An absence is so classified unless an employe offers an acceptable ex
cuse within the first three hours of the shift on which he works. The 

u The time of year in which transfer to the day and graveyard shift occurred was nearly 
the same in the Placebo and Vitamin groups. -In the uThroughout" Class of the Placebo 
g~oup~ 40 per cent of the transfers occurred in the first six months of the Study year; in the 
Vttamm ~-roup 46 ~er cent. In the "Whole" classes, 50 per cent of the transfers occurred in 
the ~rst ~lX months If! both the Placebo and Vitamin groups. 

Thts category mcludes absences on those statutory holidays when employes were 
expected to work: Labor Day, Thanksgiving, and New Year's Day and an c:xtra day off 
bc:fore or after Christmas. ' 
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great majority of absentees so classed failed even to give notice. Thus, 
Unauthorized absences reflect direcdy the attitude of the employe to his 
job. 

2. Absences on account of illness or injury (occupational and non
occupational): 

The Company verifies such absences only when they extend beyond 
three consecutive working days. There is reason to bdieve that some 
unverified absences in this category were not due to illness or injury. 

3· Authorized absences: 
The Company "authorized" absences for such reasons as follows: ill

ness or death in the family, failure of transportation, appearance in court 
or before a draft board, and an extra vacation of five working days 
(without pay). Of the total absences in this category, extended vacations 
accounted for 54 to 76 per cent in the first six months and 43 to 73 per 
cent in the second six months. 

The data on rates of total absences are objective facts; no assump
tions of interpretation are introduced. The rates of absenteeism 
segregated into its causes are less reliable, for not all the alleged 
reasons for absences were checked. The figures given for Unauthor
ized absences are minimal figures. If the alleged causes for all 
absences in the other two categories had been checked, the Illness 
and Authorized absences probably would have been reduced and 
the Unauthorized absences increased. 

Tables 7 and 8 present the data on absences Classified according 
to cause. 

For the total populations of the Placebo and Vitamin groups, it 
it seen that in the first six months the rates for every cause were 
slightly, but not significantly, lower in the Placebo group. In the 
second six months the rates were lower for every cause in the 
Vitamin group and the differences, except that of illness, were 
statistically very significant, the probabilities (P) of both differences 
being less than o.oor. The probability of the difference for illness is 
o.o8, which is near the conventional borderline between "significant" 
and "not significant." 

A clearer indication of the type of absence which contributes 



Table 7· Absence rates of Placebo and Vitamin groups classified according to 
cause. 

Fnosr SIX MO>mls SBCOND SIX MoNTH> 
Gaom» 

AU A~ Un~u-1 llln ~~thor- AU A~ Un~u-1 lllncss ~A~thor· scnccs thorizcd css 1zcd sences thorizcd IZCd 

DATI ABSBNT PBll. 100 )UN DATI 

"Wb.k" C/.111, 
All Shifts 

o.844 Placebo 3-988 0.481 2..JJ4 1·39'- 4·791 1.755 2..192. 
Vitamin 4·173 0·493 1.146 1·435 3·899 1·3SI 1.984 0.564 

Wholl' ClaJS, 
Swing Shift 

Placebo 3·863 0.401 1·941 1.52.1 4·311 1.569 1.017 0.716 
Vitamin 3·908 0.448 1 ·994 1.466 3·7U 1.144 1·955 0.513 

"'Whok" Clars, Day 
nJ Gr.wty•tl Shifts 

Placebo 4·473 0·798 1.786 o.889 6.750 1.ji4 2..910 1.316 Vitamin 4·911 o.6:z.o 1·955 1·347 4·351 1.614 >..oss 0.669 
"'ThrDu&htnd'' Cl111s, 

Swing Shift 
Placebo 3·831 0·391 1.916 1.j1j 3·973 1•491 1.887 0·595 Vitamin 3-979 0.461 1.I}j 1.383 3·661 1.1_92. 1.91-0 o.sso 

"'ThrDII&hDNI'' Class, 
D11y 11tUl GratJI,YIITJ 
Shifts 

Placebo 4·017 o.854 1.p6 0.646 6.411 2..6()2. 1·531 1.178 Vitamin 4-754 o.646 1·954 1.154 3·695 1.469 1.85l 0·371 

NUMBBll OJ' DATI ABSBNT 

.,Whok" Clllss, 
All Shifts 

Placebo 1,2.98 1j7 688 453 1,414 518 647 149 Vitamin 1,338 158 710 460 J,n.o 388 570 161 
"'Wbok" Cla.ss, 

Swing Shift 
Placebo 1,001 104 503 394 1,0U 371 478 171 Vitamin 9'-l 1o6 471 347 769 1j7 404 108 

''Whok"' Clllss, D11y 
nJ Gravey•tl Shifts 

Placebo 197 l3 18j 59 391 q6 169 77 Vitamin 413 j1 148 II] 351 1]1 166 54 
"Throughout" C/.Ju, 

Swing Shift 
Placebo 8I4 83 407 314 834 3'3 396 11j Vitamin 699 81 37S 143 6]9 108 335 96 

''ThrDII&hDIIt" Class, 
DtSJ and Gra•IJ•tl 
Shifts 

Placebo 174 37 109 >.8 176 111 109 ll Vitamin 3°9 41 19'- 75 139 9l 110 14 
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most to the total reduction in absenteeism ill the second six months 
is gained if attention is directed to the absolute differences in rates 
for each cause. The greatest contributor to the total difference was 

Table 8. Differences between Placebo and Vitamin groups in rates of absence 
due to different cawes. 

UN AtJTIIOR.JZBD w....ss AomoJUZBD 

Difference Difference Difference 

CLASS CoMPAllBD Days 1 Days 1 Days 1 

(Puam~VlTAYIN) Per Stand-, 
p 

Per Stand-
p 

Per Stand-
p 

100 atd 100 ard 100 ard 
Mao Error Man Error Man Error 
Days Days Days 

71RST SIX MONTHS 

.. Whole .. Class, All 
Shifts -o.ou o.oss >o.So -O.~)l. o.us >o.2.o -0.043 0.093 >o.6o"' 

.. Whole'' Class, 
Swiag Shift -0.047 o.osS >o.4o -O.Oj3 o.n.s >o.6o +o.oss 0.109 >o.6o 

"Whole" Class, 
Day and Grave-
yard Shifts +o.178 0.137 >o.IO -0.169 o.17S >o.so -0.4j8 O.l7l <o.ox 

''Throughout'' 
Class, Swiag Shift -0.070 o.o66 >o.l.o -0.1.1,9 0.143 >o.xo +o.lf 0.112. >o.1.o 

''Throughout'' 
Class, Day and· 
Graveyard Shifts +o.1.o8 0.167 >o.l.o -0·438 0.)1.2. >o.Io -o.soS 0._1,90 <O.Ol 

IBCOND SIX MONTHS 

"Whole" Class, All 
Shifts +o.404 0.10) <o.oox +o.w8 o.n9 o.oS +o.1.8o o.o69 <O.OOI 

"Whole'' Class, 
Swiog Shift +o.31l o.u3 <o.oi +o.o6l 0.133 >o.6o +o.103 0.07j <o.ox 

"Whole" Class, 
Day and Grave-
yard Shifts . +o.890 0.141 <o.oox +o.8j1 0,1.64 <o.OI +o.6j7 0.166 <o.OOI 

"'Throughout'' 
Class, Swiog Shift +o.199 o.u8 <o.02. -0.033 0.140 >o.8o +o.o4s o.o77 >o.so 

''Throughout'" t-
Class, Day and 

0.168 Graveyard Shifts +1·133 0.170 <O.OOI +o.6n 0.184 <o.o1 +<>·907 <O.OOI 

• S11 Footnote to Table 6 and Footnote n. 
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Unauthorized absences and the least contributor Illness absences. 
Of the total difference of o.Sg days per IOO days in the second six 
months, 040 is Unauthorized absence, o.28 Authorized absence, 
and .21 is Illness absence. In other words, the absences affected most 
were those which reflect directly the attitude of the employe to 
his job. 

In general, the difference noted for the total groups in the second 
six months occurred consistently in all the subgroups. In every sub
group the greatest absolute difference between the Placebo and 
Vitamin groups was in Unauthorized absences, and all the differ
ences in this category are statistically significant. The differences 
were least in Illness absences, except for the ''Whole" Class, Day and 
Graveyard subgroup. In fact, in the "Throughout" Class, Swing 
Shift comparison, the Placebo group had a slightly lower rate than · 
the Vitamin group, even in the second six months, but the difference 
is negligible. 

In accord with trends seen in comparisons of total absenteeism 
for the Placebo and Vitamin subjects in specific subgroups, in the 
second six months the smallest differences for every cause occurred 
in the comparison of the "Throughout" Class, Swing Shift, the most 
stable industrial subgroup, and the largest differences were in the 
Day and Graveyard Shift subgroups where the element of "strain" 
was greater. In the latter there were large differences even in Illness 
absences in the second six months, and differences for all three types 
of absence were statistically significant. For the ''Throughout" 
Class, Swing Shift subgroup, only the difference for Unauthorized 
absences is significant. 

In the foregoing discussion little weight was given the findings 
on Authorized absences. This category is a miscellaneous one, and 
difficult to interpret. It includes some absences which would have 
been classified l!S Unauthorized had it peen possible to verify ~e 
reasons given for absence. The largest single element, accounting 
for more than 50 per cent in this category, is an authorized live-day 
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extension of a vacation, but without pay. When extended vacations 
are subtracted, the remainder (smaller in the Vitamin subgroups 
in both six-month periods) is quite small in absolute terms, and the 
difference in it between the two groups makes an unimportant con
tribution to the difference in total absence rates in the second six 
months. 

B. ABSENCE RATES OF THE NONPARTICIPATING CONTROL GROUP (C) 

AND OF THE PLACEBO AND THE VITAMIN GROUPS: THE PSYCHo

THERAPEUTIC EFFECT ON ABSENTEEISM 

In Part I, Section 4, the construction of a nonparticipating control 
group (C) was described. The purpose was to observe differences 
between the C and the Placebo groups which might be ascribed to 
the psychotherapeutic effect of the placebo. It must be recognized 
that the comparison of the C with the Placebo group tests more 
than the psychotherapeutic effect of the placebo. At least two addi
tional factors are included. One is the effect per se of participation 
in an experiment; the other is the element of selection, in that the 
subjects of the Placebo and Vitamin groups volunteered for the 
Study, whereas the subjects of the C group did not. As the present 
Study afforded no means of segregating the three factors, for con
venience, their combined effect will be referred to hereafter as the 
psychotherapeutic effect. 

The C group was selected at the end of the Study to match the 
subjects of the Placebo and Vitamin groups in the "Throughout" 
Class, Swing Shift. The only comparisons warranted, therefore, are 
between the C group and these two subgroups of the population 
which participated actively in the Study. Table 9 contains the data 

for these comparisons. , 
In the first six months the absence rate for all causes was slightly 

higher in the C group than in the Placebo and Vitamin groups, but 
statistically the differences are not significant. In the second six 
months the absence rate in the C group was r.4 and 1.7 days per 100 
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days higher than in the Placebo and Vitamin groups, respectively, 
and both of these differences are very significant statistically. 

The interpretation of absenteeism in the C group as compared 
with the Placebo and Vitamin groups becomes much clearer when 
differences in absence rates by specific causes are considered. These 
differences are, therefore, summarized from Table 9· In the first six 
months the rates of Unauthorized and Illness absences were higher 
in the C group than in either of the other two groups. The differ
ences in Unauthorized absences are statistically significant; the C
Placebo difference in Illness absences is significant; and the C
Vitamin difference is nearly so (P .o8). But the Authorized absence 
rate was significantly lower in the C group than in the Placebo and 
Vitamin groups, and very largely offset the higher absenteeism 

Table 9· Absence rates of the nonparticipating Control group (C) compared with 
rates of the Placebo (P) subjects, and of the Vitamin (V) subjects in the ''Throughp 
out" Class, Swing Shift. 

DtPPIUlBNCB IN RATBS 
DAYS AosENT 

Nuw:- Paa 100 

PBRtOD AND BBR OP MANDAn C-Placebo C-Vitamin 
C.t.USB OP o ... 
ABsaNCB AosBNT 

FOR C Days Days 
G&oUP1 Per St. Per St. 

c p v 100 Error p' 100 Error p' 
Mao Mao 
Days Days 
--

Fi,.# Six Months 
1---------

Total Absences 974 4.103 3·831 3·979 +o:1.7I 0.185 >o.to +o.l14 0.196 >o.so 
Unauthorized lj1 o.64o O.J9I 0.461 +<>·149 o.o68 <O.OOI +o.179 0.07j <o.01. 
Illness j68 1·393 1.916 "'3l +o.477 O.IJ8 <o.oox +o.1j8 0.149 <0.09 
Authorized 1j4 I .O"JO 1 ·51.5 1.383 - 0·4ll O.Io6 <o.oot - 0 ·313 0.109 <o.ot 

Stcond Six MDnths 
Total Absences 1,1.58 j.3J8 3·97 3 3.661 +I.36s 0.101 <o.oot +1.676 0.1.10 <o.ooi 
Unauthorized 3ll l.jo6 1.49 I 1.191. +o.OIS o.u:s >o.Bs +o.314 o.n6 <o.ot 

Illness 704 1.98 71.88 71·910 +t.IOO 0.14 7 <O.OOI +l,o6 7 O.IS7 <o.ool 
Authorized 199 o.84 4 O.j9 j O.jjO +<>·14 9 o.o8 I <O.OI +o.19 4 o.o8 4 <o.oot 

1 ~or C group the total number of workmg man day1 In the fir1t 1tx rnonth1 la 23,736, 
an~ 1n the ~econd 1lx monthllt la 23,568. See Table 7 for numben for the p and V aroupa. 

Probability of the obaerved diffq-ence occurrin1 by chance. s11 Footnote to Table 6. 
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from Unauthorized and Illness absences. In the second six months 
the rate of Unauthorized absences became nearly the same in the 
C and Placebo group; the C-Vitamin difference, on the other hand, 
was nearly double that in the first six months, and the difference is 
statistical! y significant. The excess absence rate from illness in the 
C group became much greater in the second six months. Authorized 
absences also became significandy higher in the C group than in 
either of the other groups. 

As previously discussed, litde weight can be given to differences 
in Authorized absences. Approved extended vacation absences 
affected the rates for the different groups to an unequal degree in 
the first and second. six-month periods. If vacation absences are 
subtracted from total Authorized absence rates, the remainders are: 
in the first six months, 0.375, o.7oz, and o.336 in the C, Placebo, and 
Vitamin groups, respectively; in the second six months, 0483, o.z8o, 
and 0.149 days per zoo days. The miscellaneous nature of the causes 
of these Authorized absences makes it impossible to interpret differ
ences in rates. 

A simple interpretation, and one in accord with general expe
rience, is to ascribe the differences in Unauthorized and Illness 
absences in the first six months between the C and the two other 
groups entirely to the psychotherapeutic effect. A psychotherapeutic 
effect would be expected to manifest itself quite early." In the second 
six months there was practically no difference in rates of Unauthor
ized absences between the C-Placebo groups; the psychotherapeutic 
effect on this category of absences had, therefore, worn off. The 
large difference in Unauthorized absences between the C and 
Vitamin groups and between the Placebo and Vitamin groups in 
the second six months may, therefore, be ascribed to a therapeutic 
effect of the vitamin supplement. This interpretation is strength
ened by the fact that the difference between the Placebo and Vita-

uSee discussion on page 137 of the dements which enter into the psychotherapeutic 
effect. ' 
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min groups in Unauthorized absences in the first six months is not 
statistically significant; the psychotherapeutic effect, presumably, 
was equal in these two groups. 

It would be expected, if the state of well-being of the recipients 
of the vitamin supplement gradually improved, as compared with 
the men in the two other groups, that the rate of Unauthorized 
absences, at first the same in the Vitamin and Placebo groups, would 
gradually become relatively less in the Vitamin group, while those · 
of the C and Placebo groups would remain more nearly alike. The 
data are in accord with this hypothesis. It is co=on clinical expe
rience that one of the earliest manifestations of an inadequate 
vitamin intake (especially of thiamine) is an impairment of the 
feeling of well-being. This affects mental attitude in many ways 
(5,6,7) and in industrial workers would affect attitude toward the 
job, which reflects itself in the rate of Unauthorized absences more 
than any other category of absences. 

The greater rate of Illness absences in the C than in the other two 
groups in both the first and second six months is to be ascribed 
entirely to the psychotherapeutic effect, as there was no difference 
in this respect between the Placebo and Vitamin groups ("Through
out" Class, Swing Shift) in either the first or second six months. 
The therapeutic effect of the vitamin supplement on Illness ab
sences manifested itself only in those workers in which there was 
evidence of "strain" (transferees to the day and graveyard shifts, 
Tables 7 and 8). 

Paradoxical as it may seem at first, this was the result to be ex
pected (in the event of any positive result). The men in the Placebo 
and Vitamin groups believed they were getting large doses of 
vitamins, which they expected would benefit their health. In the 
final medical histories, many in the Placebo group reported im
proved health and gave the credit to the vitamins they believed they 
were taking. There were, of course, similar reports from the Vita
min group. The expectation of better health evidently encouraged 
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the feeling that this had occurred and this, in turn, tended to reduce 
absenteeism due to illness in the recipients of the placebo and 
vitamin supplement. 

It would be unwarranted and premature to ascribe the whole of 
the psychotherapeutic effect to self-delusion. Participation in an 
experiment concerned with health undoubtedly increases the inter
est of a subject in his health. It is reasonable that, as a result, he will 
pay greater attention to and take more care of his health than if his 
interest in it were not refreshed every day he was at work by his 
being given what he believed was helping him (placebo or vita
mins). It is a commonplace of medical practice that greater interest 
in health and the better care which follows it are real therapeutic 
factors. 

C. ABSENTEEISM AMONG TERMINEES 

Table 10 gives the absenteeism rates of the Terminees. The survey 
year is divided into the first quarter and the Remainder, and no 
separation is made of subjects on different shifts because there were 

Gaoep 

Plaeebo 

Vitamin 

Plaeebo 

Vitamin 

Tabie Jo. Absence rates of Terminees in PJacebo and Vitunin Groups, classified 
according to cause of absence. 

DAn AusBNT P&a too WaREING DAYs NUMBBR Nm.mu or DAn: A.BSBNT 
OP 

All I Unau·l I Author- WoRDNG 
Absences thorized Dlness ized D.ns All I Unau-~ I Author• 

Abseoces thorized Illness ized 

FIRST QuAllTBll 

4·090 0.413 1.641 J,01.j 8,974 367 38 137 91 

3·911 0.366 1.718 o.81.7 8,467. 331 31 131 70 

SacoND AND Tmao QuAB.TBlll 

8.911 0.981 4•U9 3·711 5,604 500 55 137 108 

8.904 1·337 4-330 3·138 s.3n. 473 71 130 171 
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too few working man days to warrant division i.D.to two six-month 
periods or into swing, and day and graveyard shifts. 

In the first quarter the rates of both the Placebo and Vitamin 
groups were nearly the same, and were very similar also to those 
of the other Study groups in the first six months. In the Remainder 
period, the rates were again nearly the same in both groups of 
Terminees, but were much higher than the rates for those who 
remained in the Study nine months or more. 

The higher absence rates in the Terminees, as compared with the 
other groups, occurred in Illness and Authorized absences. The rates 
of the Terminees in the latter category are so high because the 
second and third quarters in the Remainder period include the 
months when most of the extended five-day vacations were taken, 
whereas in the two six-month periods the vacation months were 
divided, and also because many men with a short employment 
period received a vacation before terminating employment. 

The high absence rates of the Terminees in the Remainder period 
is in accord with the general experience that workers who terminate 
their employment tend, prior to their termination, to have a higher 
than average rate of absenteeism. 

The fact that the rates for Terminees in the Placebo and Vitamin 
groups were nearly the same in the Remainder period is in accord 
with the view that at least six months was required for the mani
festation of differences in absenteeism between the Placebo and 
Vitamin groups. 

2. INDUSTRIAL TURNOVER 

The rate of industrial turnover is determined, of course, by many 
causes, and the causes vary, depending upon time, place, and type of 
industry. Before any possible effect of a vitamin supplement upon 
the rate of industrial turnover can be measured we must subtract , 
the men who terminated their employment in order to join the 
armed forces; for obviously only those who terminated for other 
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TBRMINATBD TBDUNATBD :rOB. LBPT St1llVBY Tar.U. Losr TO 

MoNTH l'OH. MILITAllY NomaurAR.Y BUT RliMAINlm SvaVBY POB. 

RJwoNS RBASONS WITB-Co!OANT ALI.RBASONI 

p v p v p v p v 
--

March, 1942- 1 s '" s I 1 17 IS 
April, '942- '3 " " 10 3 1 17 13 
May, 1942- " '3 10 9 7 7 1S 29 
June, 1942- 4 3 7 7 5 '3 16 23 
July, 1942- 3 '3 5 2 5 7 '3 u 
August, 1941- 10 " 7 6 3 6 20 23 
September, 1942. '5 10 " 3 4 4 30 '7 
October, 1942- IS " 7 1 4 4 29 '7 
November, 1.942- 6 5 5 4 0 I " 10 
December, '942- 10 9 4 I '2 5 16 '5 
January, '943 ·7 6 I 1 I 3 9 " February, 1943 7 s 0 2 I I s " 

TarAL Io6 Io8 S1 56 36 55 224 219 

Total as Per Cent 
of Number in 
Survey, March 
I, 1942.1 

' 
24·6 26.4 19.0 '3·7 S.4 13·5 51.0 53·5 

I Number in eurvey March I, 1942: Plaeebo &roUP (P), 43Ii VItamin &roUP (V), 409. 

Table 11. The number of production workers lost to the survey from· March x, 
1942 to February 28, 1943 in the Placebo and Vitamin groups, classified according 
to three main reasons. 

reasons are to be considered for purposes of this Study as industrial 
turnover."" 

Table II gives the numbers, month by month, of production 
workers who left the Study for whatever reason. Men on all shifts 
are combined in the analysis of turnover. 

It will be noted that more men in the Vitamin group left the 
Study but remained with the Company than in the Placebo group. 
A larger number in the Vitamin group were transferred to other 
shifts during the Study year and among those transferred approxi-

u The tables on indwtrial turnover are based only on men who were production worken 
throughout their period of ernploymeot doting the Study year. 
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TBJUoriNATIONS Cu»ULATIVB DIJI'PBUNCBS BJmVBBN 

Pn Ioo PBRSONS TBUONATION LTBI LTBS :roll TBB 

MoNTK Pn MoNTH P AND V Gootm (P-V) 

Nation p v Nation p v Monthly Cumulative 
a! Rare' Group Group a! Rate Group Group Rates Rates 

March, 1942- 3·70 3·15 x.96 3·70 3·15 '·96 1.1.j 1.2.9 
April, '941 J.19 2.66 1.56 7·49 5·9' 4-51 0.10 '·39 
May, '941 4·o6 1,58 1-45 II-55 8.49 6.97 0.1) J,S2. 
June, 1942- 3.6o '·95 2.06 15.15 10.44 9·03 -o.n 1.41 
July, '941 ]o76 '·46 o.63 I8.91 II.90 9.66 o.83 1.14 
August, 1,941 4·19 1..11. 1.04 2.).1.0 '4·01 11,70 o.o8 2..)2. 
September. '941 4·71 3·55 J.ll 17·91 '7·57 11..81 1.44 4-76 
October, '941 4·4' l..so 0-79 31·33 10.07 q.6o 1.71 6.47 
November, 1941 3-86 1 ·99 x.69 36·'9 u.o6 15,19 0.)0 6.77 
December, 1.941 3·40 x.67 0.44 39·59 13·73 '5·73 J.l.) 8.00 
January, 1943 3.86 0·45 0.94 43-45 14·•8 x6.67 -0.49 7·5' 
February, '943 3·7' 0 1.00 47·'6 14·'8 17.67 -1.00 6.51 

00 1 Oult ' rate in whole alrc:raft industry (noamWtary tenniDatloDB plUI dilmlualt) (4). 

Table 12. Mon!llly pereentageo of per10ns in the Study at the beginning of a 
specified month who left the Company in that month for nonmilitary reasons. 

mately an equal proportion of the Vitamin and of the Placebo 
subjects remained in the Study. 

Table 12 gives the monthly rates of nonmilitary terminations" 
and the "Quit" rate (i.e., nonmilitary terminations plus dismissals) 
in the whole aircraft industry. The method of computation in Table 
12 needs to be explained. The baseline for nonmilitary terminations 
(i.e., the number of subjects potentially liable to nonmilitary ter
mination), changed each month. This baseline was computed as 
the total number remaining in the group at the beginning of the 
month after those leaving the Study and those terminating employ
ment for any reason in the previous months are deducted from the 
total. The percentage of nonmilitary terminations is computed for 
each month, and monthly rates may be cumulated to obtain the 
termination rate for any part or all of the twelve-month period. 

21 
There was only one dismissal among subjecta in the Vitamin group and four dismissals 

in the Placebo group. 
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Fig. I. Nonmilitary terminations in the Placebo and Vitamin groups. Monthly 
percentages for terminations among employes in Study at beginning of each month 
cumulated. 

Tables II and I2 show that the rate of nonmilitary terminations 
over the period of the whole year was less in the Vitamiri group than 
in the Placebo group, whether computed on the basis of the number 
in each group on March I, I942, or on a cumulative monthly basis. 
On the latter basis, the annual termination rate for the Placebo 
group was 24 per cent and for the Vitamin group, I8 per cent. 

The difference between the two groups was too small during the 
first four months (Table I2 and Figure I) to be significant. It con
sisted mainly in the difference in the first month, March I942, 

which was too short a period for the vitamin supplement to have 
exerted any manifest influence. 

After the first four months the rate in the Placebo group con
tinued essentially unchanged until December (Figure z). In the 
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Vitamin group, on the other hand, the rate declined sharply after 
June to approximately one-half its former value and persisted at 
this lower rate. 

For two related reasons the termination rates in the last quarter 
are not significant in either group. The total number of nonmilitary 
terminations was quite small (five in each group), and by the last 
quarter both groups had become stable with respect to turnover; 
i.e., by that time nearly all the men who were likely to leave the 
Company for nonmilitary reasons had done so. It is well known 
that employes who have been with a company for a long time are 
less likely to leave than new employes. 

By the end of the twelve-month period the cumulative rate of 
nonmilitary terminations in the Vitamin group was 73-I per cent 
of that in the Placebo group. In terms of over-all annual percentages, 

Table 13. Differences in military and nonmilitary terminations in the Placebo 
and Vitamin groups in the first four months and last eight months of the Study 
year. 

DlPPBIUINCB (Y-V) 
TUB 01' TBUliNATION, Nt1MBBR ·NtJMDn TBR.Ml· 

PsuoD OP TsRMJNATION, OPEM· o• Tsa- NATIONI 
AND SrtJDT GaotJP l'LOYBSl MINATIONS Psa too Per too Stand. Proba· 

ilwPLOYBS Employes Etror bility 

Military Terminflfions 
First Four Months: 

Plaeebo 409 30 7·33 -I.6o '·93 >o.40 
Vitamin 39'- 3S 8.93 

Last Eight Months: . 
Plaeebo 308 76 2.4.68 -0.67 3·ll >o.So 
Vitamin 188 73 1l·3l 

Ntmmilitary Tmninatimi' 
First Four Months: 

PJacebo 416 41 10.10 +t-38 1.o6 >o.so 
Vitamin 390 34 8.71 

Last Eight Months: 
Placebo 197 40 '3·47 +s.to 1.66 O.Oll 
Vitamin 163 11 8.37 

J The number of employe. Ia the anrage of the numbere at the beKinnlng of each month 
In any period after excludlna: those terminated ln prevlout months for other reasona. 

s Termination ratea In thl11 table differ •lls:htly from those obtalnl!d by cumulatlnK 
monthly ratl!e shown in Table 12, but the dift'eri!Dcell are almost ldentlcal. 
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i.e., the total number of nonmilitary terminations during the year 
divided by the number of those present on March I, I942, the rate 
for the Vitamin group was 7I·9 per cent of the rate for the Placebo 
group. 

Table I3 contains the data on the statistical significance of the 
differences in military and nonmilitary termination rates. The 
Study year was divided into the first four months and the remain
ing eight months because, as Figure I shows, a sharp difference 
between the two groups occurred in the middle of the second 
quarter. 

Differences in the rates of military terminations between the 
Placebo and Vitamin groups are not statistically significant, neither 
in the first four months nor in the last eight months of the year. 
Similarly, the difference in rates of nonmilitary terminations in the 
first four months is not statistically significant. This is additional 
evidence of the similarity of the Placebo and Vitamin groups at 
the beginning of the Study. 

In the last eight months the rate of nonmilitary terminations in 
the Vitamin group is 8.4 per cent compared with 13.5 per cent in . 
the Placebo group. The difference (5.1 per cent) has a statistical 
probability of 0.055, which is a borderline value, indicating that 
chances are about one in eighteen for the occurrence of such a dif
ference as a result of pt:ire chance." 

The most frequent reasons given for nonmilitary terminations 
were: the offer of a job elsewhere with more money; dissatisfaction · 
with living conditions causing the men to move to another city; an 
obligation, usually for family reasons, to return to the home city; 
and dissatisfaction with the job. The "freezing" order came toward 
the very end of this Study; therefore it did not operate to reduce 
nonmilitary terminations. An independent study at the Lockheed 
Aircraft Corporation showed that reasons given for termination are 

11 If the nonmilitary termination rates for the five months July-November are compared, 
the difference is 5·35 per cent and P for this difference is 0.025. 
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often only rationalizations, the real reasons being dissatisfaction 
with the job or failure of adjustment. 

A reasonable explanation for the lower rate of nonmilitary ter
mination in the Vitamin group is a better attitude of the men toward 
the job; i.e., their morale became better. Hence such reasons for 
leaving the job as alleged above came to be felt as less pressing. This 
explanation of the findings on termination rates is in accord with 
that of the findings on absenteeism and, as shown below, with those 
on the Merit Rating Reviews. 

Since the data on turnover concern only the Placebo and Vitamin 
groups, the psychotherapeutic effect was present in both and is can
celed out in comparisons made between them. The only difference, 
as far as we are aware, in the factors operating on the two groups is 
the possible therapeutic effect of the vitamin supplement. On the 
evidence, the greater improvement in morale in the Vitamin group 
may, therefore, be ascribed to this therapeutic effect. 

3. MruuT REVIEw ScoRES 
(AN INDEX OF INDUSTRIAL MORALE) 

The Company's contract with the Union calls for a Merit Review 
rating on every employe at six-month intervals. Each review, which 
is made by the employe's immediate superior, attaches a numerical 
score to each of six characteristics: quality of production, quantity 
of production, adaptability, knowledge of the job, dependability, 
and attitude. The lowest score possible for each characteristic is o, 
and the highest 8. There are no fractional scores. The lowest in
dividual score given any employe in this survey was 2, in one case. 
The score on the Merit Rating Review in conjunction with com
ments about the man are important factors in determining whether 
he gets a raise, and how much. 

All the reviews used in this Study were made routinely without 
any reference to the Study. Few supervisors of the many who made 
the reviews even knew which men were in the Study, and none 
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knew that some men were receiving placebos. The same supervisors 
made reports on men in all three groups. The closeness of the scores 
for all three groups in the review made at the beginning of the 
Study, and for the two control groups in the review made at the 
end of the Study, show that there were no differences in leniency 
and severity of rating the three groups. . 

The reviews in the two months before and two months after 
March I, I942 are designated "Initial" Reviews. "Final" Reviews 
were made in a similar period bracketing March I, I943· Special re
views were made when men left the Company, and these were used 
if a routine review had not been made during the final four-month 
period of the Study. The mean scores obtained by men in the Place
bo, Vitamin, and C groups and in the subgroups are given in 
Table I4· 

Higher scores were given all three groups in the "Final" Reviews. 
This may be explained, in part at least, by the assumption that the 
longer a man works at a given job the more useful he becomes. The 
consistency of higher scores in the "Final" Reviews reflects also a 
possible tendency to make scores justify the raises all companies 
had to give their men in order to keep them during the period of 
rapid expansion. This must be borne in mind in appraising the data 
on Merit ratings. 

It is clear from Table I4 that the scores for dependability and 
attitude, in both the "Initial" and "Final" Reviews, tended to 
be higher than those for the other four characteristics. The 
attitude scores are consistently slightly higher than those for 
dependability. 

· Nearly always, when the score for any one characteristic was low, 
those for all the others were low, and vice versa for the high scores. 
A conservative interpretation of the scores given for the various 
characteristics is that the individual scores are, largely, appraisals of 
an employe's general reliability and work performance which are 
reflections -of his morale. It is difficult otherwise to account for the 



Table 14. Merit ltcvicw scores 2t the beginning and end of the Study yea.r for 
subjects in the Placebo, Vitamin, and nonparcicipalinc control group4 

MBAN 
NDK- M:a.ur Scoaa 70& Suc:omD CJuJu.craaunc Scou 

CLASS AND naOP roo 
5nJDTGaow SUB- Au. 

prW Quai-l Quoo-1Adapt-1Xnowl1~d1 Atti- RAT• 

ity tity ability edge ability tude lNG I 

' "'DIITIA% ... KB&J'l' &BVJBWS 

''Whole'' Ct..u, 
/UlShift.r 

Placebo 111 S·6>.3 5-448 S·6>.3 S·410 S·797 S·99' s-6so 
Vitamin 108 S·S74 S·441 s.6s4 S·4S1 S·76o S·976 s-6H 

"Whok'' CLu1, 
Swing Shift 

Placebo 174 S.S69 S·431 ,.,,a 5-397 S·7a7 5-948 ,.62.2. 
Vitamin •so H47 S·417 S·633 5-447 HSJ s-973 5.63o 

.. Wbok" CLu1, D.y 
~n~J Gra1101111l Shi/11 

Placebo 38 ,.868 S·!J%.7 S·737 S·S17 S·B43 6.xas S·7a' 
Vitamin ,a s-6ss S-466 S·7'Yl 5-466 S·n6 Ha3 5.676 

a.TbrO'Mgholll'' CLu1, 
Sw/og Shift 

c x6s ,.fit%. S·430 ,.,as S·4SS S·7S8 ,.,a. ,.6)8 
Placebo xs6 ,.618 S·474 s-63s S·441 ,.an &.ooo s-671 
Vitamin n8 S·S94 S·SOO 5·703 ,.,oa S·7B.!I 6.063 S·69J 

'Tbr,.gho11t'' CIM1, 
D•:J ntl Grllf9•4 

Placebo 31 S·,03 S·S48 ,.8o6 5.6x3 5·,03 6.t6:t ,.a .... 
Vitamio 47 5·S96 S·3a3 S·S96 5.383 S•713 . ,.a,4 ,.,6 

"'RN..u.'' MBillT &BVJBWI 

"Wholc" Cl.u1, 
1111 Shlfu 

Placebo 111 6.103 6.071 6.1.!1) 6.057 6.18a 6.495 6.2.:t8 
Vitamin 108 6-447 6.x83 6.193 6.)31 6.of42. 6.567 6.377 

'WhoH'" Cltu1, 
Swing Shift 

Placebo •74 6.1,, 6 ...... 6.16-f 6.= 6.3S6 6.557 6.1a4 
Vitamin •so 6.487 6.16o 6.3a7 6.417 6.567 6.647 6.463 

"WhoH" Clm1. D.., 
.,J Gr•fJ'YIVtl Shi/tl 

Placebo 3a S·948 3·71:1 S·B43 !J•7U 5·974 6.1)6 5·904 
Vitamin sa 6·344 H83 6.os:~ 6.u.o 6.1ag 6.36>. 6.175 

''TINtn~t}Jntt" C/#11, 
Swing Shift 

c z6s 6.370 6.194 6.2.73 6 ..... 6.345 6.466 6.)12. 
Placebo 1S6 6.2.81. 6.10, 6.16, 6.17) 6.3as 6.577 6.315 
Vitamin 118 6.570 6.)36 6.438 6.4SJ 6.6s6 6.711 6.517 

.. Tix .. gh.m .. Clns. 
D•y ~~t~d GrM~;711rtl 

Placebo 3' 6.0]1 S·839 5·87• 5·741 6.ooo 6.2..90 ,.,61 
Vitamin 47 6.36>. S·979 6.0.4) 6.oas 6.2.13 6.)40 6.170 

I Only thole ma were lnc:luded for whom ratln .. - production worken were available 
at the beahmiDa and at tbe end of the Study, For emmpte. men wbo were promoted to 
aupervl•lon or who cbanaed to dedcal wodl were exduded. Since every man. wu a:iven 
a Merit ratlna:: on the termination of hie employment1 l'}ltlap wen available of tboae wbo terminated .In thlt but ouartM'. and ~ - Indo __ 
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higher scores in the "Final" Reviews for all characteristics made by 
the Vitamin group than by the two control groups. The Vitamin 
group excelled most in "knowledge" and "quality" and also in 
"adaptability," "quantity," "dependability," and "attitude." The 
reviewer, having no objective measures or records of a cumulative 
character on which to base his 'Scores, had to rely mosdy upon the 
impression an employe made upon him. This fact reenforces the 
interpretation that the scores for each characteristic are not so much 
specific appraisals of an employe's merit, in these six different re
spects, as they are of his attitude toward his job which, of course, 
affects every aspect of his work performance. Accordingly, differ
ences in the group means of the average scores for six characteristics 
give as much information regarding differences in performance for 
the three groups, and between the "Initial" and "Final" Reviews, 
as the differences in the mean scores for the individual characteris
tics. They may be taken to represent mainly differences in morale. 
We shall, therefore, confine ourselves in the following discussion 
mainly to the differences in the group means of the average ratings 
on six characteristics. · 

Table 14 shows that the scores in the "Initial" Reviews were very 
nearly the same in the total populations and in the swing shift sub
groups of the Placebo and Vitamin groups. The scores of the non
participating control group and the corresponding Placebo and 
Vitamin subgroups also were approximately the same. The day 
and graveyard shift subgroups of the Placebo group had higher 
"Initial" scores than the corresponding Vitamin subgroups. None 
of the_ differences in comparable groups in the "Initial" Reviews are 
statistically significant'" (Table 15), except that for the "Through
out" Class, Day and Graveyard Shifts. 

21 
The probabi~ity that the observed div~gence in means of Mc:rit Review scores for an 

~o Study .groups ts the result of random vanation was estimated by analysis of variance (B{ 
e mag~ttude of th~ variation.~ a distribution of the over~all mean scores for individuai 

~ployes m :my specific group ts mcreased by the fact that the mean scores for ~ch of th 
sm charactensbcs varied. This variatio~ in mean scores for the different characteristics b 

(Connnucd on page 40) 
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The picture is quite different in the "Final" Review scores. Every 
Vitamin subgroup received a higher score for every individual 
characteristic than the corresponding C group or Placebo subgroup 
and, of course, a higher mean score. As shown in Table 15, the mean 
score for the total Vitamin group and for each subgroup differed 
significandy from the mean score of its corresponding Placebo 
group. In the comparisons of the mean "Final" score for the non
participating control group (C) with the Study groups, the differ
ence between the C group and the Placebo group is not statistically 
significant but the C group has a significandy lower score than the 
Vitamin group. 

The consistency of the differences in the "Final" Reviews and 
their absence in the "Initial" Reviews deserve some emphasis. In 
their "Initial" Reviews the two swing shift subgroups of the Placebo 
group received higher scores for individual characteristics in five 
instances, the corresponding Vitamin subgroups in seven. Among 
the day and graveyard shift subjects the Placebo subgroups received 
in their "Initial" Review the higher score in all twelve instances for 
individual characteristics. In the "Final" Reviews, each Vitamin 
subgroup received the higher score for every individual charac
teristic. 

The absence of any such reversal in the second six months in the 
\ 

common to rubjecu in all the Study groups and is independent of any variation associated 
with membership in a particular Study group; therefore, variation due to this factor should 
be diminatcd in obtaining a valid estimate of the variation among individuals with respect 
to Merit ratings. By analysis of variance, the total variation in Merit ratings is separated into 
( t) the variation of individual scores from the mean scores for the respective characteristics 
and the mean va.riance from this source is designated in Appendix Table 1 as mean square 
for "within characteristics'"; (2) the variation among mean scores for the different charac~ 
tcristics, for which the variance is shown in Appendix Table 1 as mean square among means 
of characteristics; (3) the variation between the overpall mean scores for subjects in any 
two groups compared, for which the varianec is shown in the Table as mean square between 
group means; and (4) a remainder or interaction varianec for factors not controJied. For 
purposes of this Study, we are interested in determining whether any two groups compared 
are homogeneous or heterogeneous samples with respect to the Merit scores obtained. From 
the measure of variation among individual scores (mean square "within characteristics"), 
the probability that any observed difference in group means would occur from random 
sampling is determined by the ratio of the mean square between group means to the mean 
square "within characteristics" and this ratio is termed the F value. The probability corresp 
ponding to any ratio is taken from statistical tables of F values for appropriate degrees of 

'freedom. 
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comparison of the C group with the corresponding Placebo stib
group stands in sharp contrast. In the "Initial" Review the latter 
received the higher score for .five of the six individual characteris
tics; and in the "Final" Review each received the hlgher score for 
three. The Vitamin subgroup corresponding to these two received 
the highest score for all six individual characteristics. 

Both the "Initial" and "Final" scores of the C group and of the 
corresponding Placebo subgroup are nearly identical, from which 
it must be concluded that the psychotherapeutic elements in the 
Placebo group (and absent in the C group) did not make for a 
higher Merit Review score. By a similar argument the higher scores 
in the Vitamin group are to be ascribed to a therapeutic effect of the 
vitamin supplement. 

The data in the section on absenteeism indicated the presence of 

Table 15. Difi'erences between mean Merit Review scores for Vitamin and 
Placebo groups and subgroups and between the nonparticipating control group and 
each of the corresponding Study groups. 

''INtnAL"' RsvtBW ''FINAL''. RBVIBW 

GltOUPI CoMPAltBD 

Difference 
in Means 

p' Difference 
in Means 

p' 

"'Who/#" Cl"''• All Shij11 
Placebo-Vitamin +o.007 • -0.159 <.001 

''Wht~lt'' Clau, Swing Shift 
Placebo-Vitamin -o.ooS • -0.179 <.OOI 

''Wh,/t'' Ckur, Day, Gra,ty~~rJ Shift , 
Placebo-Vitamin +o.IOS >.Oj -0.2.71 <.cot 

''ThrttNghout'' Clt~~r, Swing Shift 
Placebo-Vitamin -0.02.1 • -0.2.12. <.001 

Coattoi-Placebo -0.034 • -0.003 • 
Conttol-Vitamin -o.oss >.os -0.2.15 <.oOI 

"ThrDut.IMut., Clms, D11y w 
Grt~vty•J Shift 
PJaccbo-Vitamin +o.u6 .ot-.os -o.2.o8 .ot-.os 

t P Ia tbl! probabiUty of obtaininK sroup means u dtvergent or morl! so by chance. 
• Ml!ana do not dlffl!r slpificantly; lrl!&.ter mean sQuare i1 that "within character· 

iltiu." s., Appi!nd.is Tabli! I and Footnotl! 18. · 
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an element of "strain" in the men who transferred to the day and 
graveyard shifts; this "strain" was not present, or was less, in those 
who remained on the swing shift throughout the Study year. The 
absenteeism data indi- Table 16. lncrc:uc in '"Final" over '1ninal" 
cated also that this mean Merit Review scores on all cbaractcristics 

for Placebo and Vitamin subgroups and for the 
"strain" appeared to . . ri control group . nonparac1pa ng 

have been largely reliev
ed by the vitamin supple
ment. Similar evidence 
both of the existence of 
the "strain" and of its re
lief by the vitamin sup
plement is seen in Table 
16 which compares the 
changes in the Merit Re
view scores between the 

Class and Shift 

"WI»h" CJ.s1 
Swing Shift 
Day and Grave- . 

yatd Shifts 

"'ThriMt,htJIII0° Cltul 
Swing Shift 
Day and Grave-

yatd Shifts 

Increase in Mw Score 

c Placebo Vitamin 

o.66• o.SJJ 

o.11.3 0.489 

o.674 o.643 o.834 

0-140 0-!74 

"Initial" and "Final" ratings for the different groups. The increase 
in the "Final" over the "Initial" Review scores was much smaller 
in the Placebo subgroups on the day and graveyard shifts than in 
those who remained on the swing shift. The Vitamin subgroups 
on the day and graveyard shifts also had smaller increases in their 
"Final" Reviews than the Vitamin swing shift subgroups; but the 
Vitamin subgroups were much more alike in their increases than 
the Placebo subgroups. 

The scores in the Merit Reviews for the six individual character
istics all refer to different aspects of industrial morale. The reasons 
for this view have been given above. The higher Merit Review 
scores of the Vitamin group indicate, therefore, that the morale in 
this group became better, or improved more, than in the two control 
groups. Three independent lines of evidence, the data on absentee
ism, industrial turnover, and Merit Review scores point, therefore, 
to the same conclusion; namely, that the effect of the vitamin sup
plement was to improve the morale or attitude toward the job of 



Nutritional Status of Aircraft Workers: Part III 43 
the recipients, and that this effect was separate from the psycho
therapeutic effect of the placebo. 

AN EsTIMATE OF THE CUMULATIVE EFFECTS ON PRoDUCTION OF THE 

LESS ABSENTEEISM AND TURNoVER AND IMPROVED WoRX 

PERFORMANCE IN THE VITAMIN GROUP 

The absenteeism rate of the Placebo group (''Whole" Class, All 
Shifts) in the second six months was 4·79r days per roo working 
days, and in the corresponding Vitamin group, 3.899. The differ
ence is 0.892 days per roo working man days, or for a year of 254 
working days the difference is 2.27 days per person. 

The reduction in absenteeism iri the Vitamin group expressed as 
a percentage of the rate of the Placebo group is o.892 x roo _ r8.6 
per cent. 4·79r 

It is more difficult to estimate the gain from reduction in turn
over than that from reduction in absenteeism. Expressed as a per
centage of the rate in the Placebo group, the reduction in turnover 
in the Vitamin group was 26.9 per cent. The difference in cumula
tive rates of nonmilitary terminations for the year was 6.5r fewer 
terminations per roo men in the Vitam_in group. It has been es
timated in the southern California aircraft industry that the loss to 
a company in the termination of an employe is about $200. This 
reduction in turnover meant a gain of $1,302 per year per roo men 
employed, or $r3.02 per year per man employed. This saving is 
equal approximately to r.63 days' wages per man per year. 

The following discussion aims to estimate the gain to production 
from the reduction in absenteeism, the reduction in turnover, and 
from better general work performance in the Vitamin group as 
compared with the Placebo group." 

The index of general work performance agreed on by both 
11 The figures given in the discussion which follows are not intended to be construed 

in a strict accounting sense. They are offered as admittedly rough indices to illustrate the 
principle and to indicate the rdative orders of magnitude of the gains from reduction in 
absenteeism, reduction in turnover, and improvement in general work performance. The 
principle applies regardless of the means employed to obtain these benefits. 
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Pu CBNT o• 
Sotaa or GAIN Pn CBNT MANDAn TOTAL DAn 
IN PllODUcrJON hutaOVDIBNT IN GAJNBD Pn DauvBD FaoY 

VITAMIN GaoTJP MANPBR YBAll EA.ca Souaca 

Reduced Absentc~ism r8.6 1.2.7 2.1.6 

Reduced Turnover 16.9 r.63 'l·l 
Better Genm.l Work 

Performance (Merit 
Review Scores) 1.6 6.6o 61.9 

TarAL 10.,0 100.0 

Table 17. Estimated gain in production, expressed as days. per man per ye:ar, 
from the reduction in absenteeism and in turnover, and from improved work 
performance for employes receiving the vitamin supplement. 

management and the Union is the Merit Review score. This index, 
no doubt, leaves much to be desired, but it was the only one avail
able and it is widely used. The Placebo and the Vitamin groups 
received practically the same Merit Review scores at the beginning ' 
of the Study. At the end of the Study the mean "Final" total score 
of the Vitamin group was 6.377 and of the Placebo group, 6.218; 
and the ratio of the former to the latter expressed as a per cent is 
102.6. 

A 2.6 per cent higher Merit Review score may be taken to repre
sent the greater worth to the production of the Company, and for 
the sake of this discussion is expressed at 2.6 per cent more work 
per man. Small as the figure 2.6 per cent is, translated into working 
days it amounts to a gain of 6.6o working days"' per man per year 
(.o26 x 254), which is nearly three times the gain from the 19 per 
cent reduction in absenteeism and four times the gain from the 27 
per cent reduction in turnover. 

The gain in terms of man days of work from the: reduction in 
absenteeism, improved general work performance, and reduced 
turnover is presented in Table 17. The gain from these: three re
spects, in which the Vitamin group was superior, is represented by 

10 This is probably a very conservative estimate. 
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the estimated figure of 10.5 man days per man year. This corres

ponds to a gain in manpower of 4.1 per cent (10.52~1oo} The 

total gain from the favorable effects seen in the Vitamin group 
probably exceeds that in these three specific expressions of work 
performance which could be measured. 

The figures in Table 17 estimate only the gain from the therapeu
tic effect of the vitamin supplement. There was in addition, as 
discussed in the section on absenteeism, a psychotherapeutic effect 
exerted by both the placebo and the vitamin supplement which 
tended to reduce Illness absences. 

SUMMARY 

A supplement containing six vitamins and calcium was given to a 
group of aircraft workers for a year, and a placebo was given to a 
second group. Men in these groups were volunteers, and evidence 
is presented that they were superior to the average of industrial 
workers. A second control group was formed from employes who 
did not participate actively in the Study. 

Initially, these groups were alike in age, duration of employ
ment, and Merit Review scores. The quality of diets, as reported by 
members of the Placebo and Vitamin groups, was the same and 
remained essentially unchanged. 

In the first six months of the Study year the Placebo and Vitamin 
groups had similar absenteeism rates from all causes, and from 
specific causes classifieCI as Unauthorized, Illness, and Authorized 
absences. 

In the second six months the total absenteeism rate of the Placebo 
group was 4·79 days per 100 working days, and of the Vitamin 
group, 3.90 days. This difference of o.89 days is statistically signi
ficant and represents a reduction in absenteeism of z8.6 per cent. 

There was a reduction in absenteeism in the Vitamin group in 
each of the above three categories; the reduction was greatest in 
Unauthorized absences and least in Illness absences. 
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The subjects were classified according to changes in work shift 
and period under observation (twelve months and nine months but 
less than twelve). In every comparison of matched subgroups the 
Vitamin subgroup had a significantly lower absenteeism rate. As 
in the case of the total Placebo and Vitamin groups, the greatest 
differences were in Unauthorized absences. 

Comparison of absenteeism in the Placebo and Vitamin groups 
with that of a matched nonparticipating control group showed that 
the giving of both the placebo and vitamin supplement exerted a 
psychotherapeutic effect. This effect was persistent in reducing Ill
ness absences throughout the Study year. It reduced Unauthorized 
absences at first, but this effect did not persist through the second 
six months. 

The rate of nonmilitary terminations was nearly equal in the 
Placebo and Vitamin groups in the first four months. For the 
remaining eight months this rate was 38 per cent lower in the Vita
min group. This difference is of borderline significance statistically. 

Merit Review scores for the total Placebo and Vitamin groups, 
which were initially similar, showed a significant superiority of the 
Vitamin group at the end of the year. The same superiority appeared 
in the matched subgroups. . 

The Merit ratings of the Placebo and the nonparticipating con
trol groups showed no significant differences in their "Initial" or 
"Final" Reviews, indicating that the psychotherapeutic effect did 
not make for higher Merit Review scores. 

A conservative estimate of the over-all gain to production from 
the therapeutic effect of the vitamin supplement on absenteeism, 
turnover, and general work performance is xo.s working days per 
man per year, corresponding to a gain in manpower of 4.1 per cent. 
Of these, 6.6 days are the result of improved work performance, 2.3 
days are from a reduction in absenteeism, and x.6 days are from 
reduced turnover. These figures exclude gains due to psychothera
peutic effects. 
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The three independent lines of evidence furnished by the data on 

·absenteeism, tul-nover, and Merit Review scores pointtoward im
provement in industrial morale as the major fa.ctor responsible for 
the statistically significant effect of the vitamin supplement. 
· The consistency of the trend toward superior performance in the _ 

Vitamin group as the Study year progressed is the most persuasive 
feature of the evidence for crediting benefit to the therapeutic effect. 
of the vitamin supplement. This consistency runs through all the 
causes given for absence, the data on turnover, and all six individual 
items in the Merit Review scores; it is seen in the comparison of the 
total populations of the Placebo and Vitamin groups and in the 
comparisons of their four subgroups. · 
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r-.-~ ,._, !:' ftsm Table 1. Resulu of analysis of v.ariance for comparisons of Merit 
~., ~l:ltf""!lft"es for ~lacebo and ~i~m_in groups and subgroups and for Placebo and 
.._,~ "'tt.al'l'!!b?oups w1th a nonp:.uuc1paung control group. 

"INinAL'' MslUT Scoaas "FINAL" MaaiT ScoRBS 

' De- De-
GROUPS CoMPARED grces Mean grees Mean 

F' p' AND of Square F' p' of Square 
Souacss oP V AJUATION Free- Free-

dam dam 

"Who/," Cl•u, All Shifts 

1.178 Within Characteristics 1,soa 1.2.07 l.,soS 
Between P and V Means I a.aJ6 • • I 17-51.7 14·9 <.001 
Among Means of Charac. s 18.)99 s 8.946 
interaction s o.us s o.8ro 

"Whole" Class, Swint, Shift 
Within Characteristics 1,9}1. 1.:1.44 1,931. 1-1.35 
Between P .and V Means I a.aJJ • • I IHJJ n..s <.001 
Among Means of Charac. s 14.171 s 6.676 
Interaction s 0.091 s a.s6o 

"Wholt'' Clau, Day-Gt-avtyarJ 
Within Characteristics )64 1.094 )64 0.917 
Between P and V Means I 1 ·531 1.4 >.as I 10.175 IJ.l <.OOI 
Among Means of Charac. s 4·4'7 s 1..581. 
Interaction s 0,147 s 0.1.91 

"ThrfJUghout'' Class, Swing 
Within Characteristics 1,691. 1.199 x,691. 1.1.54 
Between P and V Means I 0.181 • • I 18.990 15.1 <.OOI 
Among Means of Cbarac. s I2..9Jl. s s·61s Interaction s o.u8 s 0.40l. 

"'Throughout" Class, Day-
Graveyard 

Within Characteristics 4S6 ua8 4S6 1.059 Between P and V Means I l·767 4·8 .ot·.os I 4·859 4·l 9 .ox-.os 
Among Means of Charac. s 3·3'7 s 1..115 Interaction s a.aH s a.1Jj 

C and P Groups 
"'Throughout" Class, Swing 

Within Characteristics 1,914 1.154 1,914 1.147 • Between C and P Means • • 0.004 • I a.sn - •r, I Among Means of Cbarac. s 14·147 s 4·711 Interaction s 0.1CY'J s a.J86 
C and V Groups 

"Throughout" Class, Swing 
Within Characteristics 1,746 1.190 1,746 t.ns Between C and V Means I I.Jl.S 1.1 >.as I l.Q.OJJ 18.o <.OOI 
Among Means of Charac. s 11.,679 s 4·al9 Interaction s 0.150 s 0.2.64 

• .. F Ia ratio of mean square for &roup means to the mean square "within charnctcrlatlca (su Footnote t8), 
2 

P Ia the probabiUty of obtaining group means aa divergent or more ao by chance. 
• Greater mean aque.rc: Ia that "within chara.cterlttlca"; meant do not differ ala:niflcantly. 


