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An Investigation on the Measurement of
Current Smoking by Individualsl/
by
A. L, Finkner, D. G. Horvitz, G. T. Foradori,

Jack Fleischer and John Monroeg/

l. Introduction

In recent years there has been considerable interest in the amount of
smoking by individuals in the general population, principally because of the
reported association between smoking and lung cancer. This report does not
deal with the lung cancer - smoking controversy as such, but is concerned
primarily with the methods of obtaining measures of an individual's current
smoking.,

Numerous studies of smoking habits have been made, the latest and
most comprehensive being a study of smoking patterns in the United States
published by Haenszel, Shimkin and Miller (1956). A bibliography of most
of the important investigations in this field is included in their monograph.
The data for that study were collected by tﬂe Bureau of the Census in
February 1955 as a supplement to the Current Population Survey. Zach sample
individual was asked to report his daily smoking "on-the-average'; in most
cases he reported for himself, in other cases, for members of his or her

immediate family. The data were summarized and analyzed by the National

l/This study was conducted with funds provided by the American Tobacco
Company.

é/Professor, Associate Professor, Graduate Research Assistant and Assistant
Professor, respectively, in the Department of Experimental Statistics,
North Carolina State College. Mr. Monroe is head of the Survey Operations
Unit, University of North Carolina and Dr. Horvitz is currently employed
as Statistical Director, A. J. Wood and Company, Philadelphia, Pennsylvania.
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Cancer Institute. Since the Current Population Surveys are based on proba-
bility area samples, estimates of smoking characteristics with measurable
sampling errors can be provided. No more than the normal amount of attention
was given to non-sampling errors; i.e. attention was given to the instruction
and supervision of interviewers. No scheme for validation of responses was
built into the survey plan, hence, no direct measure of the response error
was possible. The authors stress the fact that questions are designed to
classify individuals and not to estimate the amount of tobacco consumed.

They speculate that asking for an individual's smoking "on-the average" may
exert a downward bias, but point out such biases would not be important for
comparison of classes provided they were neither large nor selective in
character. A comment concerning this speculated downward bias will be made
later in this paper.

The monograph contains a wealth of information concerning the smoking
habits of the general population and certain sub-populations. However, the
purpose and the nature of the survey did not lend itself to a consideration
of many types of errors which may be inherent in smoking habits studies.

In order to relate the physical or mental condition of an individual
with his level of smoking, we should like to know the amount of certain
elements or compounds (many of which may be unknown at the present time)
which enters an individual's system through smoking. A number of sources
of error may enter iﬁto this determination. Some of them, in order of
increasing complexity with respect to measurement might be listed as follows:

(1) Sampling error. With our present state of knowledge regarding

sampling theory there is no excuse for not being atle to control

this source of variation. By use of mndern sampling methods,
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this error can be reduced to a size consistent with the
precision desired and the budget available.

(2) Error in measuring the number of cigarettes an individual
smokes (on-the-average) per day.

(3) Error associated with measuring the proportion of each
cigarette consumed. The variability in the proportion burned
may vary greatly from individual to individual, and even within
an individual. For example, one individual may smoke 20 ciga-~
rettes per day leaving 2/3 of each unsmoked while another
smoking 15 cigarettes of the same size but leaving only 1/3
of each would actually be burning more tobacco in terms of
grams. Related to this would be the question of whether
consuming the middle third of a cigarette is equivalent to
consuming the first third.

(4) Error in measuring the amount of smoke inhaled from the
burned portion of the cigarette. Cne person may light many
cigarettes and either leave them to burn unsmoked or inhale
little smoke from each, while anothsr person may light only
a few‘but inhale most of the smoke.

(5) Error in measuring the reaction of individuals to a given
amount of inhaled smoke.

As mentioned previously, sampling errors can be controlled but less
is known about measuring or controlling the variation introduced by the other
sources of error. Therefore, future research should be directed toward
methods of measuring number of cigarettes smoked oun~the-zvarzge, proportion

of the cigarette actually consumed, the amount of smoke actually inhaled from
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& cigarette and the reaction of an individual to a given amount of smoke
inhaled. This paper attempts to shed some light on the first two categories
of measurement errors, i.e. the number smoked "on-the~average" and the pro-
portion of the cigarette burned.

It is doubtful that completely objective measurements of these
variables can ever be evolved because we must deal with human subjects. A
completely objective method of measuring the number of cigarettes an indi-
vidual smokes would have to take on the role of an infallible observer of the
subject 24 hours a day. Not only for ome day but for several, since the
average per day is désired. In addition, the observer must .be unknown to
the subject, lest his presence actually influence the smoking level of the
subject. A completely objective method of measurement would not necessarily
be one free from error, but one in which the errors were random and con-
trollable.

If the subject can be induced to save all the unburnt portion of each
cigarette he has smoked, a measure of both the number smoked during a day and
the proportion of each cigarette consumed could be obtained. Since human
beings are fallible, we are never certain that all butts are kept. Never-
theless, it does appear that some semi-objective methods for counting numbers
of cigarettes can be developed. A number of these were considered, including
the following:

(1) Requesting the subject to keep a diary in which he would record

each cigarette smoked at the time of smoking.

(2) Providing the subject with mechanical counting device, which

the subject must activate at the time he smokes a cigarette.
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(3) Providing the subject with dated packs of cigarettes and
instructing him to smoke only from these packs and to allow
no one else to smoke from them.
(4) Providing the subject with a portable ash tray in which he
is to deposit all cigarette butts smoked by him only.
These techniques are subject to some of the defects mentioned earlier. Two
of the most serious are that (i) you are never sure the subject followed
instructions, and (ii) you are never sure that the use of the technique did
not influence the level of smoking. To these criticisms we can only reply
that properly motivated individuals using one of the above methods, probably
are made more aware of what they actually smoke and that such counts should
be closer to the true level than énswers to questionnaires. Along with the
awareness is the attendant danger that the level may be influenced., Evidence
from measurement studies in other fields indicates that the subject may be
initially influenced, but after a few days the novelty wears off and the true
level reasserts itself.

Even if these methods were completely objective the cost of admin-
istering the method to a large sample probably would be prohibitive. Hence,
it would be desirable to relate the performance of the semi-objective method,
(hereinafter called the standard) to a questionnaire technique which could
be administered cheaply and easily. If we assume the standard to be unbiased,
then it would be possible to correct for bias in the questionnaire results,
if present, by measuring with the standard a sub-sample of those to whom
questionnaires were administered. Hence, it would behoove the researcher
in this field to devote some attention to the development of an improved

questionnaire.
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These considerations led to the formulation of three objectives.
(1) To develop a standard measure of the amount of current smoking
by an individual.
(2) To develop an efficient method of measuring current smoking of
large population groups. Sub-objectives of (2) are
(1) To develop a new questionnaire (hereinafter called
the Y questionnaire)

(ii) To test the Y questionnaire against the questionnaire
used by the Bureau of the Census (hereinafter referred
to as the X questionnaire).

(3) To characterize the smoking of the bermanent cigarette factory

' and stemmery employees of the American Tobacco Company and to

) test for differences between the X and Y questionnaires in large
population groups.

Tests on each of the three objectives were conducted at separate times and

on different groups of personnel of the American Tobacco Company. They will

be referred to hereinafter as Phases I, II, and III respectively.

2. Phase I - Bvaluation of Semi-Objective Measures

2.1 Description of Measuring Instruments

Research aimed at accomplishing the first objective of this project
was confined to two of the four semi-objective methods listed earlier.
These were

(1) a lighter-countér, which will be referred to as standard A and
’ (2) a portable ash tray or butt-can, which will be referred to as

standard B.
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In addition, it was believed that if both standards were ﬁo be applied
simultaneously to a subject, the combination might constitute, in effect, a
third standard, AB. Both instruments were developed cooperatively with
bersonnel of the Richmond Research Laboratory of the American Tobacco Company .
It was decided to limit the standards to the two techniques and their combina-
tion, since we were limited with respect to the number of possible sub jects
and testing more standards would reduce the precision of the estimated
differences. The two selected were thought to have fewer disadvantages than
the two rejected.

The lighter~counter consisted of a two~-wheel counteré/ attached to the
case of a Zippo cigarette lighter. The counter is activated by a pin each
time the cover is closed. An accurate count of the cigarettes smoked by an
individual during a specified time period can be obtained with the lighter-
counter provided the subject is sufficiently motivated to light each of his
own cigarettes with this lighter and no others unless he lights one of his
own at the same time. It is presumed that the lighter would not be used to

relight cigarettes which may have gone out inadvertently.

z/An earlier model had three digit wheels, but was subject to frequent
failures. Subsequent revision stancardized the lighters with two wheels;
the first wheel goinrg from 0O to 14 and the second from O to 9. Hence,
each counter would measurs up to 149 vefore starting over. The counters
were constructed so that they could not be reset, except by going through
the complete cycle.
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The portable ash tray consisted of a pocket size can, about the size
of a package of cigarettes, with a small round hole at the top through which
the butt of each cigarette smoked is deposited. The hole was slightly larger
than the diameter of a cigarette and could be covered by pivoting a small
flat metal strip. The use of the lighter-counter occurs at the beginning

of the smoking process while the use of the butt-can occurs at the end.

2.2 Design of Phase I

An experiment designed to compare the lighter-counter and butt-can was
carried out with the American Tobaeao Company Richmond Researsh Laboratory
personnel during the pericd May 23, 1958 to June 14, 1956. Basically the
experimental design was of the single changeover type in which each subject
used either the lighter-counter, the butt-can, or both instruments to obtain
24 hour counts of cigarettes smoked for a period of 1k days&/ and then
switched instruments for a second period of 9 daysé/. Designating use of
the lighter-couhter alons by A, the butt-can alore by B and simnltaneous use

of both counting devices by AB, each subject was assigned one of the following

nine possible combinations for the two periods:

Period I Period II
A A
A B
A AB
B A
3 B
B AB
AB 4
AB B
AB AB

4/May 23, 1956 through June 5, 1956
é/June 6, 1956 through June 14, 1956
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Initially, 96 of the Research Laboratory employees who reported
themselves to be cigarette smokers on the X questionnaireé/, adninistered
two weeks prior to the advent of the experiment, were used as subjects for
the comparison of the two instruments. The 96 individuals were first
classified by sex and race yielding 63 white males, 18 white females and
15 non~white males. The subjeéts in each sex~race group were ordered
according to the average number of cigarettes smoked per day as reported
on the questionnaire. The sex-race groups were subdivided into Elocks of
9 subjects by taking the first 9 from each ordered list, the second 9, etc.
This procedure resulted in 7 blocks of white males, 2 blocks of white females,
1 complete block of non~white males, and a second block of 6 non-white males,
the individuals in each block constituting a relatively homogeneous group
with respect to reported cigarette smoking levels. Within each block (with
the exception of the last mentioned) the 9 instrument combinations for the
two periods were assigned to the subjects at random.

Both mimeographed and verbal instructions on the use of the counting
devices were given to the subjeth/. The individuals were cautioned not to
1ift the masking tape coveringrthe counter face on the lighter-counter and
not to count the cigarette butts collected in the butt-can in order to mini-

mize the influence of the individuals knowing their own smoking level.

é/Although the X questionnaire requests only that the respondent classify
himself into smoking intensity groups, this questionnaire was altered so
that the respondent gave us a numerical value for the number of cigarettes
smoked per day on-the-average. The Y questionnaire was administered to the
entire group on May 22, and again on June 6 before starting Period II. Sesa
Appendix A& for copies of these questionnaires.

Z/A copy of the mimeographed instructions is included as Appendix B.



2,3 Data Collection

Fach subject was assigned a time (between 9:00 A. M. and 4:20 P. M.)
to report to the office for the purpose of recording the counter reading and
collecting the cigarette butts for the previous 24 hours. The same daily
reporting time for each subject was maintained throughout the period of the
study. The reporting times were arranged so that 3 subjects (one A, one B,
one AB) in the same block reported every ten minutes. The 3 sets of subjects
within a given block were assigned consecutive ten minute reporting periods.

‘The lighter-counters were read and their operation checked each time a
subject reportedg/. The contents of the butt-cans were emptied into appro=-
priately identified paper bags and later counted and weighed on a laboratory
beam scale. The weights were recorded to the nearest tenth of a gram by type
of cigarette (i.e. 70 mm. or 85 mm. non-filter or 85 mm. filter). Seven of
the subjects smoked a mixture of cigarette types, and weights were obtained
only for the first four days of the study for these individuals. The weight
of the tobacco consumed was obtained by subtracting the weight of the butts
from the weight of the whole cigarettesg/. The latter figure was computed
by multipiying the number of butts by the average production weight of the

particular brand and type of cigarettelg/.

§/See record form A, Appendix C.
2/See record form E, Appendix D.

;Q/Lucky Strike (70 mm.) 1.080 grams per cigarette.
Pall Mall (85 mm.) 1.246 grams per cigarette.
Filter Tip Tareyton (85 mm.) 1.233 grams per cigarette.
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2.4 Analysis of Phase I Data

It was impossible to retain the symmetry of the design discussed above
since 8 of the 96 subjects originally expected to participate were not avail-
able for reasons of illness, vacation, etc. An additional 9 subjects partic-
ifated in only a portion of the study, and another did not receive the Y
questionnaire, leaving a total of 78 subjects whose data were available for
analysis. Further, several missing values were encountered in Period I,
principally because of lighter-counter failure. There were 59 daily observa-
tions missed, or 5.5 per cent, out of a total of 1092 in Period I. Only 13,
or 1.9 per cent of the possible total of 702 observations for Period II were
lost.

This study is typical of the problems encountered in analytic surveys.
Not only were a number of subjects lost entirely, but there were a number of
missing values on the subjects which remained, destroying the symmetry of the
design and along with it, any simplified analysis of data collected. At
least two possible approaches to the analysis can be made. First, in order
to account for smoking level among the three groups of subjects, we can adjust
the average daily counts to the group response average of Question Y-13% by
means of covariance. This will adjust for those individuals who were elimi-
nated from the study completely. If comparisons are to be made among A, B
and AB daily, the missing values (of those who participated) will not compli-
cate the analysis; there will merely be a different number of observations

daily.
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The second alternative is to consider paired comparisons, and analyze
only part of the data at a time. By both methods it is clear that there are
no period differences nor any interaction of smoking intensity with period.
Hence, those individuals receiving treatment A in the first period and treat-
ment B in the second allow a comparison between A and B directly. Since we
are working with the same individuals, the effect of level of smoking is
eliminated.

Because of the difficulties in analysis dus to non-symmetry and missing
values, the ccmplete set of basic data is shown in the appendix;l/ for both
Phase I and Phase II. Anyone ianterested in a different analysis or a fellow~
up on any of those reported here will therefore have the same basic data
available. It is, of course, not feasible to puklish the raw data fronm

Phacge III.

2.4.1 Analysis of Adjusted Daily Instrument - Group Means

The comparisens of greaitsst intercst are those comparing the daily
adjusted means of A and B when each is administered alone with the adjusted
mean of AB where AB itself is a mean of the A reading and the B reading for
each subject-davy.

Table 1 shows the adjusted group means for each day. For any given
day the average number of cigarettes smoked as resorded by each device is
directly comparable. The possible comparisons are shown in the columns headed

(A-B), (A-AB) and (AB—B)iﬁ/. Examination of thesce columns reveals that the

l-]-'/Appendix E - Basic daily smoking data by counting device - Research Per-
sonnel
Appendix F - Response of Research Personnel to X and Y questionnaire
Appendix G - Response of Richmond Branch Office Personnel to X and Y
questionnaire

lé/The counts used in the analysis for the AB group were the averages of the
separate device counts, i.e. the lighter-counter and the butt-can.
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able 1

Observed Average Number of Cigarettes Smoked by Day and

Date

Period I

Wed, DMay 23
Thurs. May 2k
Fri, May 25
Sat., May 26
Sun. May 27
Mon, May 28
Tues, May 29
Wed., May 30
Thurs, May 31
Fri. June 1
Sat., June 2
Sun., June 3

Mon. June L
Tues., June 5

Period II

Wed., June 6
Thurs. June 7
Fri. June 8
Bat, June 9
Sun, June 10
Mon., June 11
Tues. June 12
Wed, June 13
Thurs. June 1k

Counting Device Adjusted for Reported Smoking Levels

No. Observations

Ad justed Means

A

20
25
25
22
22
22
23

26
2l
21
22
27
26

26
28
27
27
27
26
26
26
23

B

28
31
31
31
30
30
30
28
29
28
28
28
28
28

27
27
27
26
26
26
26
26
26

4B

23
25
22
22
18

26
21
26
20
19
19
23
2l

23
21
18
17
18
23
23
21
20

A

26,13
25,06
27.22
22,78
22,61
26,79
24,32
25,63
26.78
23,94
23,13
23.80
27-19
26,98

25.67
24.19
26,31
21.78
24,52
25.28
25.32
25,62
27.52

B

22,62
22,02
20,14
17,12
17.7h
21,89
19.25
20,05
21,28
18.58
16.36
17.56
22,04
22,73

21, k7
22,32
21,97
19077
19.49
22,15
21.78
23,40
2L.03

AB

22,77
23.07
20.0L
21,1
21.20
21.68
21,37
23,38
25,11
2L U7
23.05
23435
23.75
25.02

24,13
22,17
22,23
21,27
22.23
23,22
22.57
23.58

*Indicates significance at the 5% level or less.

(A-B)

3.81
3.04
*7.08
+#5 .66
*4,87
%k, 90
#5,07
#5,.58
#5.50
#5,36
%6, 77
#6.2l
5.15
#4.25

L.20
1387
3,37
2,01
#5,03
3.13
3.54
2,22
3.9

Differences
(A-AB) (4B-B)
3.66 0.15
1.99  1.05

-)(-7'18 —0.10
1.3h %432
1.1 3.b6

#5.11 -0,21
2.95 2.12
2.25 3.33
1.67 3,83

'0053 *5089
0,08 6,69
05 35,79
. 1.7
1.96 2,29
1,54  2.66
2,02 -0,15
h.11 0.26
0.51 1050
1.93 3.10
3.05 0.08
2,10  1,hk
3005 ‘0.83
309)-1 "'00,45
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most striking differences occur between A and B, the lighter-~counter and the
butt-can. Statistically, the daily lighter-counter averages were signifi-
cantly greater than the butt-can averages on 11 of the 14 test days during
Period I. The smallest (A-B) difference in this period is 3.04 cigarettes
and the largest 7.08 cigarettes.

Analysis revealed significantly greater average cigarette smoking
counts for the A group as compared to the AB group on 2 of the 14 days in
Period I. The (A-AB) differences were smaller than the (A-B) differences
on all but two days in the first period. All but one of the (A-AB) differw
ences were positive in this period.

The (AB-B) cdmparisons were found to be statistically significant on
5 days ianeriod I, with only two of the 14 differences negative. It is to
be noted that with but three exceptions, May 25, May‘28 and June 1, the rank
order of the daily group means was 4, AB, B.

The comparisons for Period II confirm the general picture obtained in
the first period although the magnitude of the differences decreased slightly.
The A, AB, B rank order of the daily averages occurred on 6 of the 9 test
days. The (A-B) differences were statistically significant on 2 of the days;
the (A-AB) differences and the (AB-B) differences were not statistically
significant any of the nine days. It was hoped that the study could be
designed to detect differences in mean number of cigarettes smoked of 2.5
cigarettes. The variation in cigarette consumption among individuals using
the same counting device precluded demonstration of daily group mean differ-
ences of 2.5 cigarettes or less as statistically significant with only 20 to

28 observations per group.
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The comparisons of primary interest are A alone, B alone and the
avefage of A and B when used in combination. It is of some interest to
compare A alone with A of AB; B alone with B of AB; A alone with B of AB;

B alone with A of AB and A of AB with B of AB. These comparisons are shown
in appendix H for the covariance analysis and for the paired comparison
analysis. The results of both techniques tend to confirm the observation

that AB is, in reality, a third measuring device.

2.4.2 Analysis of Week-Day Versus Week-End Smoking

Although no difference between periods could be demonstrated, the
data indicated a possible difference between the mean number of cigarettes
smoked daily during the working‘days of the week and on week-ends. The
results of the analysis for the two periods combined are shown in Table 2.
In this analysis there were data for 17 week days and 6 week-end days. One
holiday, Memorial Day,more properly might have been included as a week-end

day but was included here as a week day.

Table 2

Comparison of Average Daily Smoking for Week-Days with
Week-Ends for Zach Counting Device (unadjusted)

Counting Device Week-Day Means Week-End Means Difference
Lighter~Counter 25.90 23.42 2.48*
Butt-Can 21.63 18.01 3.62%*
Combination 22.99 22.14 0.85
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The differences between week-end and week-day daily means for the
lighter-counter and butt-can were significant at the 5% and 1% level of
significance respectively. Although the difference for the combination was
not significant, it was in the same direction as the other two counting

devices.

2.4.3 Discussion

We are now faced squarely with the annoying problem of selecting a
standard from the following alternatives: A used alone, B used alone, the
average of A and B when used together, A only when used with B, and B only
when used with A. As indicated earlier, no completely objective and hence,
no completely satisfactory solution is possible since the true measure of
an-individual's smoking, on the average, remains unknown. Our selection
therefore had to be based partially upon deductive inference rather than
entirely upon inductive inference.

In general, the rank order of the estimates beginning with the
counting device giving the highest average is as follows:
Ay A, (AAB + BAB)/E, BAB and B. Using the data in Tables 1, H-1l and H-2,

estimates of the differences between treatments of the array are shown in

Table 3.
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Table 3
Differences Among the Alternative Counting Devices

When Arrayed from High to Low

Number of Cigarettes

Difference Covariance Paired Comparison
A - AAB 1.9 1.7
Ay - 2B ; *aB 0.4 0.3
Zan * Pap _ B,y 0.3 0.3
BAB - B 1.7 1.7

+

Slightly different estimates can be obtained depending upon how they
are made. However, the same general pattern seems to hold for other ways of
estimating the length of the interval between successive methods in the array.

From subjective observations made throughout the test and from a priori
reasoning it is likely that the butt-can technique exerts a negative bias,
especially when used alone. There appear to be only two situations which
might cause a positive bias. One possibility is that some individual other
than the subject deposited cigarette butts in the can provided. Unless aocne~
one should deliberately falsify the results, the probability of such an
occurrence would be negligible, if not zero. The second possibility has a
somewhat higher chance of occurrence but still should be negligible. The
subjects were instructed to drop a match stem into the butt-can in lieu of

a cigarette if the cigarette had been inadvertently thrown away. Consequently,
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a person could have deposited his cigarette butt in the can, decided later

he had not done so and put a match in also. This second type of error
probably has more of a random characteristic than a bias; i.e. the decision
against dropping in a match when he actually forgot to deposit the cigarette
butt may occur as often as the first situation described. If we rule out the
possibility of a positive bias, the technique must then be either unbiased or
negatively biased. It appears that the latter is the case.

Even with a highly motivated group like the research personnel of the
American Tobacco Company, some indiﬁiduals were reluctant to use the butt-
can device. This was particularly true away from the laboratory and es-
pecially on week-ends. It was impossible to prevent the odor of stale
tobacco from permeating the clothing or purse. Hence, there was a tendency
to leave the can at the office or to neglect to carry it on trips or into
conferences. Even if a subject had the can with him, it was not always
convenient to use it. For example, in driving a car, it was physically
difficult for the subject to deposit his cigarette butts into the butt-can.
It seems reasonable that not all such occasions would be remembered, which
would result in a negative bias. The data substantiate this theory since the
butt can, when used alone, gave the lowest average number of cigarettes smoked
daily. Additional‘evidence is the fact that when B was used simultaneously
with the lighter-counter, the average number smoked increased.

The case for the lighter-counter is less clear cut. An over estimate
could have resulted from

(i) the subject lighting another's cigarette and failing to

light his own at the same time;
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(ii) the subject lighting his own cigarette more than once;
(iii) anyone Playing with the lighter, i.e. clicking the 1lid
unconsciously; |
(iv) mechanical difficulties of the lighter-counter.
An under estimate could result from
(1) the subject failing to use the lighter for all cigarettes
smoked;
(ii) mechanical failure of the lighter-counter.

The lighter-counter may tend to over estimate the true number but
the magnitude of this postulated positive bias is not known, nor can it be
estimated. The butt-can reading may be considered a lower bound since there
is little chance for positive bias. The lighter-counter might be considered
an upper bound but there is less evidence to support this hybothesis. One
fact which lends credence to the upper bound hypothesis is that A alone gave
the highest average reading of all alternative measures. Of course, if the
true value is equal to or greater than A, then A is the most accurate of
those compared. Similarly, if the true value is less than B, then B would
be the most accurate of those compared. But the true value is unknown and
further it seems probable that the true value lies somewhere between A and B.
Which device should be selected?

A fairly strong case can be made for the estimate (AAB + BAB)/Z. It
the difference (AAB - BAB) is non-significant, we might pool these values.
Even if the difference were significant, the estimate lies approximately
midway between A alone and B alone. As shown in Table H-2 (comparison group
2) the variability is lower than for the other comparison groups and the

variances themselves are less variable within the group.
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Much less than perfect information was available to us, yet a standard
had to be selected against which to compare questionnaire approaches. The
lighter-counter alone was finally chosen. The main reasons for selecting
this instrument were

(1) It was believed strongly that the butt-can alone was biased

downward. The lighter-counter may be biased upward but the
evidence is less conclusive.

Ca) It was necessary to consider whether the use of the counting

device would be accepted by the general population. Even with

a highly motivated group, the use of the butt-can was distasteful.
An accurate measuring device, not used, would be of 1little value.
Even though the combination of A and B might be more accurate

(and the evidence that such is the case is far from conclusive),
it certainly would not be if the subject refused to use B;

The decision to use the lighter-counter would entail less risk if we
knew that the bias in A, if present, was constant from subject to subject.
Even lacking this knowledge, it appeared that the lighter-counter was the

counting device to use on less highly motivated subjects.

2.4.4 Analysis of Amount Smoked by Weight

Although the lighter-counter was adjudged more accurate than the butt-
can for measuring an individual's current smoking, the latter had the specifi
advantage of supplying data from which information on the amount of tobacco
consumed by weight could be compiled. In Table 4 the data are presented for
the 76 subjects who used the portable ash tray technique, either separately

or in conjunction with the lighter-counter and for either or both of the two
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Table 4. Amount Smoked by Weight and Number
Period I Period II
Weight Weight
Type 1In~ Average Ave/Day Ave/Cig. % of  Average Ave/Day Ave/Cig. % of
divie number (gms) (gms) cigarettes number (gms) (gms) cigarettes
dual per day gmoked  per day smoked
70mm 12 Lh2,a1 22,02 ,523 L8k
15 31.00 14,99 L83 1h,8
16 19,13 11.23 587 skl
23 34.89 20,89 .598 55.4
26 29.57 12.70 L29 39.8
27 6,00 3.48 581 53.7
30 23.33 141 604 56,0
33 k2,92 24,12 561 51.9
36 1479 6,91 L&Y h3.h
38 12.08  6.90 .573 53.1
L2 25,21 15.81  .627 58,1
43  18.00 12.0L 670 62,0
Lh 30,50 19.90 .653 60.  33.67 21,60 .6h2 59.4
L7 23,70 11.8L  Jh99 46,2
b8 21,k 9.7  .u27 40.0  1h.22 .76 ,Lo5 37.5
59 18,00 10.03 .556 51,6 17,00 9.4  .556 51.5
65 70,43 l1.h9  .589 S5he6  Tha33  Lh.62 600 55.6
66 3.2 19.29  .595 55.1
70 17.71 8,06  ,h55 h2.1
71 10.1hL 3.99 394 36,4
76 35.78 18,16 ,507 L7.0
81 18.92 8.1  LLo69 43.0
95 13,36  8.81 .659 61.0 11,67 7.1h W616 57.1
8 11 €.56  L.l7 681 54,6
S 1 26,22  17.72  .628 50.4
17 18063 10.89 t58h )4‘609
18 0,88 0,63 .71L 58,8
20 l.lh 056? .588 ll.?.s
21 20,33 15,72  .713 62,1
22 16,88 10,76  .638 51.2
2l 16,60 12,43 ,751 60,3
28 15.33 1,00 .718 57.6
35 28,57 17.51 .613 L9.2
39 1.64 0.99 .6l0 Lo
Lo 23.64 13.43 568 L5,.6
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Table L (cont'd.) Amount Smoked by Weight and Number

Period I Period II
Weight Weight

Type In-  Average Ave/Day Ave/Cig., % of Average Ave/Day Ave/Cig., % of
divi- number (gms) (gms) cigarettes rumber (gms) (gms) cigarettes
dual per day smoked per day smoked
L5 28,71 16,15 ,563 45,2 29,75 16,95 ,570 L5.7
16 2Lh,07 15,95 .663 53,2 23,00 15,58 677 Sh.h
50 L.36 2,56 .588 k7.2 5.00 2,76 .551 bhe3
51 12,6 9,43 ,7u6 59,9 12,89 9,48 ,735 59.0
52 1,25  0.93 ,7L0 60,2
53 26,07 22,40 .860 69.0 28,00 2h.21 ,865 69.L
5L 43.86 28,L6  .650 52,2 h9.33  3L.27 695 5547
55 26423 15,41 ,587 b7l 27,78 15,66 .56l L5.2
57 29.38 17.55 (598 48.0
58 26,50 17.13 ,6L6 51.9 26,38 16,65 631 50.6
61 9.50  6.h1 680 54,7 3,71 2,13  .573 46,0
6l 23,79 19.80 .832 6647 26,89 22,27 .8L1 67.4
67 33,75 26,60 .787 6342
69 20,86 15.39 .738 59,2
72 21,64  16.93 .782 61.1
h 17,42  9.63 554 Uh.h
1 31.57 20,24 .61 51.5 36,11 23,96 ,662 53.2
78 29,36 21,79 . 7L2 59.6 28,78 22,22 772 61.9
79 1930 1L.50  .759 60,9 11,33 9,02 ,796 63,9
80 17.4h3 12,96  ,7L3 59.6  1L.00 10,20 ,.728 58.4
82 8.07 6,04 .757 60,8 789 5.98 ,761 61.0
8L 2,33 1.32 567 5.6 0,50  0.26 525 h2,9
85 12,93 9.93  .77L 62,0 10,11 7.88 .779 62.L
87 22,25 18,08 .812 65.2 24,56 18.98  ,773 62,0
86 27.38 16.96 ,620 L9.7 28,00 17.88 .638 51,1
93 15,46 10.69 ,692 55,5 16,56 11,67 .705 56,5
96 15.00 9.96 665 CERN

Filter 9 311 2,24 .721 58.5

85mm 13 2,11  17.08 ,766 62.1
19 16.89 12.58 745 60,4
37 17.58 1h.27 .811 65,7
)-'l 3050 2.18 0630 5100 :
Lo 18,07 12,89 .713 57,8  18.L4h  12.63  .690 55.9
52 2,08 1,37 659 53,5
56 31,93 20,83 .652 52.9 Lho.22  27.h0 .682 55.3
60 hoo0 2,24 559 5.3 10,00 5,25 525 h2,7
83 21,29 13,51 .635 51.5 20,67 13.41 .6kt 52,5
86 35.93 25,22 ,702 56,9 38,33 26,58 .693 56.2
89 24,50 16,02 654 53,0
91 20.79 17,20 .B27 67.1 22,00 17.LL  ,792 6Li.3
92 ’4056 2.38 0522 hzbh
ol 3,10  1.94 ,626 50,7
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periods. The data are presented separately for each of the three types of
cigarettes smoked, i.e. 70 mm., 85 mm., and 85 mm. filter. The average
number per day refers to the number of cigarettes measured by the butt-can
whether used alone or with the lighter-counter. This is therefore not
necessarily the most accurate measure of an individual's current smoking
nor are the individual daily averages necessarily comparable since B alone
may constitute a different measure than B taken with A. The average number
of grams per day was obtained by weighing the butts and subtracting this
figure from the average production weight of that number of fresh, unsmoked
cigarettes. Since measurements were not made on each cigarette butt
separately, a within-day measure of variability is not possible. The average
grams per cigarette per individual was a weighted average over the period,
i.e. it was the total weight smoked over the period divided by the total
number smoked. The per cent of cigarettes smoked was obtained by taking the
average weight in grams per cigarette smoked and dividing that by the
appropriate weight of the whole cigarette. (See footnote lQ{

The data in Table 4 indicate considerable variability among individuals
with respect to the amount or per cent of each cigarette smoked. The ranges
for Period I in per cents smoked are 36.4 to 62.0%, 4h.h to 69.0% and 42.4 to
67.1% for the 70 mm., 85 mm. and 85 mm. filter, respectively. For Period II
the ranges are 37.5 to 59.4%, 44.3 to 69.4% and 42.7 to 64.3% for the same
three types. Even within type there appears to be little correlation between

the number of cigarettes smoked per day and either the average number of

grams smoked per cigarette or the per cent of cigarette smoked. This was true
for both periods. As would be expected, the average number of grams of to-
bacco smoked per day was highly correlated with number of cigarettes smoked

per day.
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The means by type of cigarette for number of grans of tobacco smoked
per cigarette and for per cent of cigarette smoked are shown in Table 5 for
each period. This average is now an unweighted average over individuals or,
in other words, each individual was given equal weight, rather than being
weighted by the number of cigarettes he smoked or the weight of tobacco he~

smoked.

Table 5

Mean Number of Grams per Cigarette Smoked and Per Cent of
Cigarette Smoked by VWeight for Each Type and Period

. Period I Period II
Type of No. of Mean/Cig. % of Cig. No. of Mean/Cig. % of Cig.
Cigarette Subjects (gms) Smoked Subjects (gms) Smoked
70 mm, 16 Skl 50.4 12 552 51.1
85 mm. 29 .684 Sh.,9 30 689 55.3
85 mm.
Filter 12 .666 5‘.’.0 9 0696 560""

Using each subject's mean as an individual observation, no difference
betweenrperiods (by type) could be demonstrated with respect to mean number
of grams per cigarette and ber cent of cigarette smoked. Similarly, no
difference could be demonstrated befween the period regression coefficients
for grams smoked on number smoked (again within type). If an individual
received the B treatment each period, his data were pooled to give an average
in terms of number of cigarettes and number of grams smoked. The regression
coefficients, their standard errors and the squares of the correlation

coefficients are shown in Table 6.
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Table 6

Regression of Grams Smoked on Number Smoked by Type
for Each Period and Tor the Periods Combined

Type of Period I 5 Period II 5 Combined 5
Cigarette n b 8y, r n b Sy b o n b &, r

70 mm. 16 .604 .030 .,967 12 598 .035 .968 23 .590 .027 .957
85 mm. 29 .663 .040 .911 30 .685 .028 -954 39 674 .028 .939

85 mm.
Filter 12 .700 .033 .978 9 .701 .039 .979 15 .706 .027 .981

Important features of this table are the remarkable consistencies of
the standard errors of the regression coefficients and the proportion of
variability in the weight smoked per day that is e%plained by number smoked,
both over period and type. The relationship is, of course, highly signifi-
cant.

Using the combined data (over period), significant differences were
found among the three type regression coefficients (see Table 8). The
resulting equations were used to estimate the average weight consumed in
grams for daily smoking of 10, 20, 30 and 40 cigarettes. The equations are
given below and the average weight by the four smoking levels is given in

Table 7,
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predicted grams of tobacco
consumed per day

mean number of grams of tobacco
consumed per day by the experi-
mental subjects

number of cigarettes smoked per
day by new subject for which you
wish to predict weight smoked

mean number of cigarettes
smoked per day by experimental
subjects.

It is obviocus that the regression line should pass through the origin,

that is,a zero value of number smoked would give exactly a zero value for

weight consumed and vice versa.

that the model is not appropriate.

Any departure from this merély indicates

A linear relationship was assumed but

the large value of the y intercept for the 70 mm. equation indicated that

the data might be curvilinear.

different from zero.

However, this value was not significantly

The size of the value was primarily due to the in~

clusion of one individual who smoked an average of almost 72 cigarettes per

day. Since this was almost 30 cigarettes more than the next highest indi-

vidual, his level exerted considerable influence on the slope of the regres-

sion line. Omitting his data from the analyses, however, does not alter the

conclusions.
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Table. ?7

Estimated Grams of Tobacco Smoked per Day for Four Levels of
Daily Cigarette Smoking by Type of Cigarette Smoked

Smoking Level (Cigaiettes per Day)

Type 1A 20 30 40
(gms) (gms) (gms) (gms)

85 mm. 6452 13.26 20.00 26.74

85 mm. Filter 7003 ll“ 009 21 015 28-21

The question arises as to whether a single regression equation, ig-
noring type, would suffice and the answer to this question depends upon the
purpose of the regression equation. If used to estimaté the mean grams of
tobacco smoked per day for a group of individuals with various proportions
smoking the different types, the answer probably would be in the affirmative.
If, however, it is our purpose to estimate as accurately as possible the
average daily consumption of tobacco by weight for a given individual,
separate regressions by type would seem more appropriate. Table 8 shows the
total sums of squares in the average daily amount smoked partitioned into a

number of components.

Table 8

The Sums of Squafes for the Variability in Average Daily
Amount Smoked Partitioned into Components

Degree of Sums of Mean
Source Freedom Squares Squares
Total 76 4,775
Due to Overall Regression 1 b, 374 b, 374+
Difference in Adjusted Type Means 2 160 8o**
Differences Among Regression Coefficients 2 24 12*

Deviations from Individual Regressions : 71 217 3.0
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The ﬁroportion (.916) of the variation in weight consumed explained
by a single regression on number smoked is highly significant. The additional
amount explained by using separate regression equations for each type can
be examined by combining the sums of squares for differences in adjusted type
meéns and differences among regression coefficients. This gives a sum of
squares of 184 with 4 degrees of freedom and is a highly significant addi-
tional contribution when tested against the deviations from individual re-
gression. The proportion of the variability explained by the use of
individual regressions is .955.

it should be noted that the group of test individuals undoubtedly
smoke more than the general population, and as fewer cigarettes are smoked,
on the average, the relative influence of average amount of cigarette smoked
will increase. Similarly, populations with low variability in number smoked
would tend to have higher relative contributions to the variance in weight
per day from the proportion of each‘cigarette consumed. Had more individuals
been available, we would have attempted to demonstrate this phenomena by
dividing the individuals into groups according to their level of smoking and
by computing relative contributionsto the variance for each group.

The data in Table 9 indicate that for the 76 individuals participating,

_ /

the means for number of grams smoked per day were very close for each of the
three groups, i.e. those smoking 70 mm., 85 mm. and 85 mm. filter, respective~-

ly. Although the mean number of grams smoked per cigarette was higher for

the 85 mm. and 85 mm. filter than for the 70 mm. group, the average number of
cigarettes smoked per day by those smoking 70 mm. was higher than those
smoking the longer cigarettes. These factors were almost compensating tending

to bring all groups into agreement with respect to weight consumed. One
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individual, who smoked an average number of almost 72 of the 70 mm.
cigarettes per day was included in the comparison. If his data were
omitted, the average number of grams consumed per déy for that group is
lowered to 12.75 grams, which is in closer agreement with the other two
types. It must be remembered that this group of subjects cannot be con-
sidered to be a random sample from the general population of cigarette

smokers. Hence, inference cannot be extended beyond those who participated.

Table 9
The Mean Number of Grams Smoked Per Day Per Individual

(Unadjusted) for Those Smoking the Three Types

Mean No. of Mean No.

Mean No. of Grams per Mean No. of Mean of Grams
Number of Cigarettes Cigarette Grams per Percentage Smoked

Type Individuals per Day Smoked Butt Smoked per Day
02/ 22 25.62 548 532 50.7% 14.05
85 29 18.73 686 .560 55.1% 12.84
85F 15 15.68 .704 529 57.1% 11.04

2/Inc:l.ud.eas one individual who averaged slightly less than 72 cigarettes

smoked per day.
2.4.5 Comparison of the Variability Among and Within Individuals

The variability among individuals with respect to per cent of

cigarette smoked, as would be expected, was significantly greater than the
variability among days within individuals for each type and period. For
these analyses, the average per cent of a cigarette smoked by an individual
on a given day was considered as an observation. The results for Period I
are shown in Table 10 and for Period II in Table 1l. The basic data for

these analyses are given in Appendix I.
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Table 10

Analysis of Variance of Average Per Cent of Cigarette Smoked Among
and Within Individuals by Type for Period I

Source of - 70 mm. 85 mm. Filter

Variation D.F. MQSO D.F‘ M'S' D.F. M‘S.

Among Individuals 15 867 28 640 11 767

Within Individuals 177 16 333 29 130 L2
Table 11

Analysis of Variance of Average Per Cent of Cigarette Smoked Among
and Within Individuals by Type for Period II

Source of 70 mm. 85 mm, Filter

Variation D.F. M.S. D.F. M.S. D.F. M.S.
Among Individuals 11 419 29 Lhg 8 180
Within Individuals 90 15 211 43 63 15

Although the within individual variability over days is remarkably
consistent in both periods, the among individuals mean square seems to be

a little less in Period II.

2.%.6 TFrequency Distributions of Per Cent of Cigarette Smoked by Type
Although the numbers of observations are quite small, particularly in
the 70 mm. and filter groups, frequency distributions of per cent of cigarette

smoked for each type and all types combined are shown in Table 12.
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Table 12

Frequency Distribution (Number and Percentage) According to the
Per Cent of Cigarette Smoked by Type and Combined

Interval 70 mm, 85 mm. Filter Combined
(% Smoked) No. Per cent No. Per cent No. Per Cent No. Per cent

35.0 - 39.9 3 14 0 0 0 0 3 04
4Lo.0 - 44.9 3 14 2 05 2 13 VY3 7 09
45.0 - 49.9 3 14 9 23 0 ) 12 16
50.0 - 54.9 5 24 10 - 26 6 40 21 28
55.0 -« 59.9 5 2k 6 15 3 20 14 19
60.0 - 64.9 2 10 10 26 2 13 ¥3 14 19
65.0 - 69.9 0 -9 -2 03 -2 A3Y3 k 02

21 100 39 100 15 100 75 100

2.5 Summary of Phase I
Phase I was undertaken primarily to develop and evaluate semi-objective

measures of an individual's current smoking, on-the-average. Two instruments,
the lighter-counter and the butt-can, each constituted a measuring device
while the two used in combination gave a third measure. Evidence indicated
that the butt-can used alone resulted in underestimates of an individual's
current smoking on the average. The lighter-counter means were higher than
for the two instruments used simultaneously but evidence was not conclusive
enough to permit a clear choice between these two measures. There was,
however, considerable reluctance on the part of the subject to use the butt-
can and since the statistical evidence seemed to favor the lighter-counter
slightly, the latter instrument was selected as the standard with which to

compare the methods using questionnaires.
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Valuable supplementary information was obtained from the butt-can data
on per cent of cigarette smoked by type and the mean number of grams smoked
per cigarette and per individual, also by type. Evidence indicated that the
relationship between number of cigarettessmoked per day and weight consumed
per day was different for the three types of cigarettes, i.e. 70 mm., 85 mm.

and 85 mm. filter.
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3. Phase II - Evaluation of Questionnaire Techniques

The cost of using a daily counting device, such as the lighter-
counter on each sample member, to oﬁtain an accurate measure of current
smoking in large population groups would be prohibitive. For the most part,
previous studies of smoking habits have used the less expensive technique of
personal interviews, but very little has been reported on the accuracy of
the responses elicited by the various questionnaires employed. Research in
this phase was directed, therefore, not only at the development of a question-
naire for measuring the amount of current smoking, but also at testing its
accuracy against a semi-objective standard measure, the lighter~counter.

The Y questionnaire referred to in Phase I was designed to elicit more
objective responses than those from questionnaires used in earlier smoking
habits studies. Incorporated in this questionnaire were features aimed
specifically at bringing to the respondent's attention various aspects of his
own smoking habits. These features included questions regarding the least
and greatest number of cigarettes smoked per day, the number smoked during
various periods of the day prior to the interviewlé/, and the number smoked

on weekends.,

lé/The Y questionnaire was designed with the intent that the day prior to-
interview would be a week day. The authors gratefully acknowledge the
work of Stacy Adams in the construction of the Y gquestionnaire and his
assistance in the planning stages.
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In order to allow a direct comparison between the smoking habits of

the permanent employees of the American Tobacco Company and the general

population as reported by Haenszel, et. al. the X (Census) questionnaire

was to be administered to half of the permanent stemmery and factory

employees in Phase IIIl&/. A study of its accuracy is included in the

Phase II research. The Y questionnaire, aside from the special feature

mentioned above, differed from the X in one major respect: on the X

questionnaire the cigarette smokers were required to respond to the question

"How many cigarettes do you smoke a day on the average?" by checking one of

the following five classes:

(L)
(2)
(3)
(&)
(5)

Smoke once in a while, not every day.

Smoke less than 10 cigarettes (1/2 pack).

Smoke between 10 and 20 cigarettes (1/2 ~ 1 pack).
Smoke between 21 and 40 cigarettes (1 - 2 packs).

Smoke over 40 cigarettes (over 2 packs).

The Y questionnaire required a numerical answer to this same question and

all other questions dealing with number smoked. Evaluation of the accuracy

of the X questionnaire was limited, therefore, to estimates of the amount of

misclassificationj a more detailed analysis regarding the accuracy of the

responses to the Y questionnaire was possible.

l&/All references to the Census Bureau were deleted from the X questionnaire
before it was administered.
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3.1 Design of the Study

A total of 60 Virginia Branch and Richmond Leaf Department office
employees who smoked cigarettes were chosen to test the accuracy of
responses to the X and Y questionnaires. The 60 subjects were classified
by sex and then assigned at random to one of two groups. On June 8, 1956,
one-half of the group answered the X questionnaire and the second half
answered the Y questionnaire. Two weeks later, on June 22, 1956, each group
filled out the alternate questionnaire. The entire group then underwent a
16 day lighter-counter test period. The decision to use 16 days was based
on an average day-to-day cigarette smoking standard deviation of 5, de-
termined from the Phase I data, and the desire to have the true lighter-
counter smoking averages estimated within 2.5 cigarettes.

The lighter-counter readings were recorded and the lighter-counters
checked at approximately the same time each day. Losses due to lighter-
counter failures were minimal. However, 8 of the subjects were not available
for the full 16 days of the test and the data analysis is based on the re-
maining 52 subjects. In addition to the data from office employees, data
from the X questionnaire administered to the Laboratory personnel two weeks
before test Period I, and from the Y questionnaire administered the day
before the test and again between periods were available for analysis in this
section. The information from the X questionnaire administered to Laboratory
employees is not quite comparable to that from the office employees. Althougl
the smoking intervals of the X questionnaire were the same for both groups,
the Laboratory personnel were instructed to place a ﬁumerical answer in the
box opposite the appropriate interval. Only a check was requested from the

office personnel.
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The sample size was actually too small to demonstrate conclusively
the superiority of any of the measures obtained from the questionnaire. We
had hoped to supplement this sample by running a second test on different
employees but this was not possible. Only one measure of the number of
cigarettes smoked daily, on-the-average, was available from the X question-
naire, that being a class into which an individual placed himself depending
upon the number of cigarettes he estimated that he smoked daily, on-the-
average. A number of measures were possible from the Y questionnaire. These
included

Yl - the numerical response to question 1 asking the number of

cigarettes smoked daily, on-the-average. The classification
of answers to this questien should correspond closely to that
obtained from the X questiomnaire; in addition, it is possible
to classify the individuals by class intervals different from
those used by the Census.

Y ~ the numerical response to the question, '"What is your best

13
estimate of the average number of cigarettes you smoke daily?"
This response is made after a series of questions designed to
focus the respondent's attention on various aspects of his own
smoking habits.

Ym - the mean of the numerical responses to questions 2 and 3 on the

Y questionnaire, i.e., the least number smoked per day plus the
greatest number smoked per day divided by 2.

Y - the weighted mean of the numerical responses to guestions L, 11
and 12. Since question 4 always referred to a working day, this
answer was weighted by a factor of 5 and added to the number

smoked Saturday and the number smoked Sunday, all divided by 7.
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Other measures cam be constructed from answers given to the Y questionnaire

but only the four above were compared with the X questionnaire responses and
the étandards. One standard with which the questionnaire measures were con-
pared was the lighter-counter for the réason mentioned in the discussion of
Phase I. However, since some doubt remained concerning the superiority of

the lighter-counter.over the mean of the lighter-counter and butt-can when useo
simultaneously, the questionnaire techniques were compared also with the AB
standard for the Laboratory personnel. Sinece the butt-can was not used by the

office personnel, it was not possible to compare the AB standard for that grouj

3.2 Comparison of Unadjusted Group Means of the Standards with guestionnaire
Responses

Table 13 shows the actual average daily smoking counts obtained from
the various instruments, with the average reported in the X and Y question-
naires. The data in this table refer to the Laboratory personnel only. The
observed smoking means are the actual arithmetic means unédjusted for smoking
level, but with missing values supplied. Hence, comparisons should be made
only within groups; i.e., the figures within a row are comparable but those
between rows are not. Differences between group (counting device) means
cannot be compared in Table 13 without adjusting for smoking level.

An examination of Table 13 reveals that the means for the X question-
naire by group agree closely with the wmeans of Yl and Yl3 from the Y
questionnaire data obtained prior to Period I. Further, in all ning groups
the average X response was higher than the corresponding mean for the
Period I counts. Z2Zight out of niﬁe neans for Yl and seven out of nine for

Y13 were also higher than the corresponding group mean count. In comparing
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the group mean responses with the group mean counts for Period II the picture
is much the same. Eight out of nine means for X, Yl and Yl3 were all larger
than the corresponding group means for the standards. Thus it appears that
these three questionnaire measurements over estimate the true level, assuming
that one of the standard techniques is close to the true level. As mentioned
earlier, Haenszel, et. al. expressed the belief that the gquestionnaire measures
were underestimates of the true level of smoking. These results do not
support that hypothesis, at least on the population group with which we were
working.

For the other two measures, the evidence is less conclusive. The
mean for Ym’ derived from the Y questionnaire administered prior to the test,
exceeds the observed group means in six out of nine cases for Period I and
the same for Period II. The same is also true for the means of Yc but roth
measures are much closer to the observed group means than are the meaas of
X, Yl or Yl}'

The average responses to Yl and Yl3 from the Y questionnaire ad-
ministered between Period I and Period II were all ¢loser to the Period I
observed averages than the Y questionnaire administered prior to Period I,
with one exception in each case. TFor Yl the pre and post responses in group
3 were identicalj; for Y13, the difference between the post- response and the
standard was slightly greater than that between the pre-response and the
standard in group 2. Evidently the subjects underwent a learning process
during the experiment. It is not clear, however, that the influence of the
counting device guided the respondents to a value closer to their true

average smoking level or to an average count of the device being used.
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Again the behavior of Ym and Yc is erratic. The average post-response
of Ym was closer to the observed count than the pre-response for all nine
groups in Period I. 1In Period II, in only five out of nine groups was the
post Ym measurement closer to the observed means than the pre Ym measure.
For Yc there was closer agreement from the post-response in seven out of
nine cases; in Period II, in five out of nine.

Although there is evidence of a learning process, this fact is of
little practical significance in large scale surveys. In a double sampling
procedure, questionnaires would be administered to all individuals in the
sample, with a small subsample receiving the standard also. Ordinarily, the
same questionnaire would not be administered a second time to a given indi-~
vidual. BEven if it were, a measure of the/learning process would be avail~

able only on those individuals using the standard.

3+3 Misclassification Rates

The current average daily cigarette smoking of each of the 52 subjects
participating throughout the Phase II test was computed from the 16 days of
lighter-counter readings. The subjects were then classified according to
their daily averages into one of the four smoking classes used in the X
questionnaire, i.e,.

(1) Smoke less than 10 cigarettes (1/2 pack)

(2) Smoke between 10 and 20 cigarettes, inclusive (1/2 - 1 pack).

(3) Smoke between 21 and 40 cigarettes, inclusive (1 - 2 packs).

(4) Smoke over 40 cigarettes (more than 2 packs).
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Responses to the X, Yl and Yl3 questions are all in terms of integral
numbers and the specification of the end points of the intervals in ternms

of integral numbers is sufficient for these measures. However, the standard
counts were the average of several days, and the means were non~integral
numbers. To a lesser extent Ym and Yc were subject to the same characteris-
tic. Hence, some decision had to be made regarding those non-integral values
which fell near the breaking points of the class intervals. The procedure'
adopted was to place any mean less than 10 in Class 1 and any mean greater
than 40 in Class 4. If a mean was 10 or more up to and including 20.5, it
was placed in Class 2. If it was greater than 20.5 but exactly 40 or less,
it was placed in Class 3.

Although 52 subjects from among the office personnel completed the
test there were again a number of missing values, many for the weekends.
Since in Phase I it was found that a difference existed between the number
of cigarettes smoked on week days and weekends, a few missing.values might
alter an individual's classification. Therefore, we arbitrarily excluded
those individuals who had more than two daily readings missing from the 16,
No attempt was made to supply missing values for those individuals having 14
or 15 daily observations, although this would have been an alternative.
There were 10 subjects who had fewer than 14 daily readings, leaving a
sample of 42. A preliminary comparison of misclassification rates indicated
no detectable difference between the responses due to order of presentation
to the subjects, so the results of administering the questionnaires at two

different times were pooled for both X and Y.
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This sample was supplemented with a sample of 41 of the Laboratory
personnel who used the lighter-counter only in either or both of the two
periods in Phase I. In this group the questionnaires had been presented
in the X, Y order. Only the responses to the Y questionnaire administered
prior to test Period I were used. The same criterion with respect to
missing values was followed here; i.e., a subject who missed more than two
daily readings was excluded. Again, it might have been better to supply
missing values since the Laboratory personnel were on the lighter-counter
only 14 days in Period I and nine days in Period II. Hence, misclassifica-
tion rates were examined for average number of cigarettes smoked daily from
a total of 83 subjects. The resulting cross classifications for each of the
five questionnaire measures against the standard are given in Table 14.

The highest misclassification rate occurs for responses to X (26.5%)
and the lowest to Y5 (21.7%) when compared with the lighter-counter. With
the number of subjects tested, we cannot conclude with confidence that the
observed difference in the rates of misclassification for the two questions
was other than a chance difference.

Cochran (1950) noted that the ordinary e test of significance was
not appropriate when two or more classifications were made on the same in-
dividuals because of the high positive correlation involved. Youden (1950)
and Bross (1954), among others, have considered the problem of misclassifica-
tion in 2 x 2 tables. The classification tables considered in this paper
are 4 x 4 and the following tests of significance are desired:

(1) A test to.determine if the standard classifies individuals

differently from the questionnaire measures.

(2) A test to determine if one questionnaire technique has a different

misclassification rate from another as compared with the standard.
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Table 1k. Classification of Questionnaire Response Against Average Daily Cigarette
. Smoking as Measured by the Lighter-Counter Using Class Intervals of the
X Questionnaire,

Response Average Number of Cigarettes Smoked Daily Misclassification

(Lighter-Counter)
Question Class Less than 10 10~20 21~L0 Over LO Sum Rate
(1) (2) __(3) () '
(i) Less than 10 9 1 0 0 10 .
(2) 10-20 7 19 9 0 35 22/83
X (3) 21-Lo 0 1 30 3 34 or
(L) over 40 0 0 1 3 N 26,5%
Sum 16 21 Lo 6 83
(1) Less than 10 9 0 0 0 9
(2) 10-20 7 20 8 0 35 20/83
@) 21-ho 0 1 3 3 35 or
(W) over Lo 0 0 1 3 I 2l,,1%
‘ Sum 16 21 Lo 6 83
(1) Less than 10 n 0 0 0] 11
(2) 10=20 5 20 8 0 33 18/83
13 (3) 21-lo 0 1 31 3 35 or
(L) Over LO 0 0 1 3 L 21.7%
Sum 16 21 Lo é 83
(1) Less than 10 12 1 0 0 13
(2) 10-20 L 19 10 o 33 19/83
Th o (3) 21-lo 0 1 29 2 32 or
() Over LO 0 0 1 L 5 22.9%
Sum 16 21 Lo 6 83
(1) Less than 10 11 0 0 11
. (2) 10-20 5 19 9 o 33 20/83
T, (3) 21-kLo 0 2 30 3 35 or
(L) Over LO 0 0 1 3 N 24,1%
‘ Sum 16 21 Lo 6 83
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An extension of Youden's technique was suggested by R. L. Anderson and is
applied to these data. The extension is described in detail in Appendix J.
Basically, scores are constructed as indicated below; the cells in the

classification table are designated by letters as follows:

Smoking Class Actual (Standard)
Reported 1 2 3 4
1 a b e d
2 e f g h
3 i 3 k m
A e B a r -
Z n, n, By n, n

Using Youden's notation for an index or score,

To determine if the reported classification was different from the standard,

the normal deviate test was used as follows:

Jd = 1
Z = - .

%

"The value for J, if there were no misclassification, i.e. no entries except

in cells a, f, k and r, would be 1. No entries occurred in cells, ¢, &, h, i,
© and p for these data except in some of the cross classifications of the
population of factory and stemmery employees. Had such entries occurred SOMme

form of weighting would have been required.
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The second test, i.e. to determine if one questionnaire technique

has a different misclassification rate than another is performed as follows:

J - J!

\/02 + 02 - 20
J J! JJ’

2

The method of computing the variances and covariances is outlined in
Appendix J.

The following assumptions were made in the use of the method:

(1) There is no misclassification of individuals by the standard.
Thie is not entirely realistic since an individual's level of
smoking as determined by the standard is subject to sampling
error and perhaps a bias.

(2) An error in classification due to underestimation is as serious
as one due to overestimation. This assumption allows us to treat
the data as four independenf sets of the binomial distribution.
That is, the individuals falling in each of the four classes as
determined by the standard are further classified as being
correct or incorrect by the questionnaire technique.

(3) The sample size is sufficiently large for the normal approxima-
tion to apply. As shown in Table 14, the standard frequencies
are 16, 21, 40 and 6 for classes 1, 2, 3 and & recpectively.
Classes 1 and 4 are below Youden's suggested minimum of 20.

The results of these tests using Census intervals indicate that

X, Yl, Y13, Ym and Yc all classify individuals significantly different than
the standard. As mentioned earlier, there is no evidence of a real differ-
ence in misclassification rates among the five questionnaire measures when

the Census classification intervals are followed.
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If we accept the standard as the true measure, an examination of the
results presented in Table 14 pinpoints the 10~20 cigarette per day class
interval as the one responsible for the high rate of misclassification.

This is true in general for all the questionnaire measures although in some
it seems to be slightly worse than in others. For example, 35 individuals,
according to the X questionnaire, claimed that they smoked between 10 and 20
cigarettes daily on the average. However, the actual averages indicate that
seven of the 35 smoked less than 10 while nine individuals smoked more than |
20, (Really more than 20.5). Similarly 35 individuals indicated on Yl they
smoked between 10 and 20 with seven actually averaging less than 10

and eight averaging more than 20; for Yl}’ five of 33 smoked less than 10 and
eight more than 20; for Ym’ four of 33 smoked less than 10 and ten individuals
smoked more than 20; and for Yc’ five subjects averaged less than 10 and nine
more than 20 out of the 33 who were classified in the 10-20 group. Much
smaller errors of classification occurred around the other ;lass intervals.

One possible explanation is that individuals tend to report their
cigarette smoking in round figures, e.g., about 1/2 a pack, about a pack,
about a éack and a half, and about two packs. This reporting phenomenon is
brought out clearly in Figure 1 which shows the distribution of 131 indi-
viduals (79 from Phase I and 52 from Phase II) by number of cigarettes smoked
daily on the average as reported in Yl. Although you might expect several
modes, it would seem reasonable that the true distribution should be more
continuous and approach the peaks gradually rather than in the discrete
manner shown in Figure 1.

In Figure 2 is presented the frequency distribution of the averages

of the 83 individuals using the lighter-counter only. Although this number
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is not sufficient to obtain a clear picture of the distribution of the

lighter~counter means by individual, the contrast between Figure 1 and

Figure 2 is striking. In Figure 2, there is a slight clustering of indi-

viduals about the 19-23 range but certainly there are no high peaks such as

shown in Figure 1. The clustering observed may be due to the particular

population group tested.

Frequency
25
20 4 [ -
1
15 _
10 | _ -

5 ] i —

0 .1 I []]' L i [}I i [ Il [1 I‘
0 5 10 15 20 25 30 35 4o 45 50 55 60
Figure 1. Frequency Distribution of Individuals by Number of Cigarettes

Smoked Daily, On the Average, as Reported in the First
Question of the Y Questionnaire.

Frequency

i

5 4 B

o e im0 nw
0 5 10 15 20 25 30 35 4o 45 50 55

Figure 2. Frequency Distribution of Individuals by Number of Cigarettes
Smoked Daily, On the Average, as Measured by the Average of
the Lighter-Counter Observations.
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These data incicate the advisability of constructing class intervals which would allom

the peaks to occur at the midpoint of the interval rather than at the end as has been

dome in most past smoking habits surveys., These considerations led to the establish-

ment of the following classes:
(1) Less than 8

(2) 8-17
(3) 18-37

(4) More than 37
The new class intervals resulted in the classification found in Table 15. 7he X

questionnaire can not be compared in this table since its categories and responses

were fixed,

Table 15, Classification of Questionmaire Responses Against Average Daily Cigarette
Smoking as Measured by the Lighter-Counter Using Class Intervals Different

from the X Questionnaire,

Response

Average Number of Cigarettes omoked Daily

(Lighter~Counter ) Misclassification
Question Class Less than 8 8~17 18~37 Over 37 Sum Rate
less than 8 5 1 0 0 6
8=17 7 12 2 0 21 21/83
i1 1837 0 3 37 2 2 or
Over 37 0 0 6 8 1L 25.3%
Sum 12 16 L5 10 83
Less than 8 9 1 0 0 10
8-17 3 13 3 0 19 19/83
113 18=37 0 2 3% 3 4O or
Over 37 0 0 7 7 1L 22,9%
Sum 12 16 L5 10 83
Less than 8 6 1. 0 0 7 .
8-17 6 13 7 0 26 23/83
1 18-37 0 2 36 5 L3 or
Over 37 0 2 5 7 27.7%
Sum 12 16 L5 10 83
Less than 8 8 1 0 0 9
8~17 N 13 8 0 25 18/83
Lo 18-37 0 2 36 2 Lo or
Over 37 0 1 8 9 21.7%
Sum 12 16 L5 10 83
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There are two important features of this table to be noted when com-
pared to Table 14. First, the marginal distribution for the questionnaire
techniques are much closer to the marginal distribution of the standard than
for the census classification. The second point is that the actual mig-
classification rates do not differ significantly from each other (with the
possible exception of Ym and Yc) nor do‘they differ significantly from the
rates observed for the X questionnaire classification. Again all question-
naire techniques classified the individuals significantly different from the
standard. Although from the data presented in Figures 1 and 2 it would seem
reasonable to expect an improvement in the misclassification rates from the
use of new class intervals, we could not demonstrate any actual improvement.
Since the marginal distributions agreed more closely with the standard, the
errors of classification tended to be compensating. Of those who claimed
they smoked between 8 and 17, about as many actually smoked under eight as
those who claimed they smoked between 10 and 20 and actually smoked under 10.
With the new classification there were fewer errors in the other direction,
i.e., more people who said they smoked lolto 20 actually smoked between 21
and 40 than those who said they smoked 8 to 17 and actually smoked 18 to 37,
This difference was compensated for by more errors occurring in the category
18-37 actually smoked with greater than 38 reported than for the correspondlng
error under the census classification.

Another way of expressing this comparison would be to refer to the
general classification table shown previously. If there were no errors in
classification, all entries would be down the diagonal, i.e., in cells

a, £, k and r. Entries in other cells are errors in classification. In



- 50 -

comparing the census classification with the new class intervals, there is
little difference in the number of entries in cell e, fewer entries for the
néw classification in cell g, but more in cell 9, 80 that the total number
.of errors of classification for the two schemes is about the same. It is
possible, of course, to consider additional classification schemes but it
does not appear that any other scheme would be an improvement.

Since there is some question as to whether the lighter-counter was
actually the superior measure of the true smoking level, misclassification
rates are shown for the various questionnaire techniques using as the
standard the average of the lighter-counter and the butt~can when adminis-
tered together. Only Laboratory personnel can be used for this comparison
since the B standard was not given to the office personnel: The classifica-
tion for the X questionnaire intervals are presented in Table 16 and for the
new intervals in Table 17.

An examination of Tables 16 and 17 reveals somewhat the same picture
as found in the comparison using the lighter-counter as the standard. The
Youden test described earlier was not used on these data because of the
small frequencies. However, there seems to be no evidence of any difference
in errors of classification among the questionnaire techniques for either
system of classification. Although the X questionnaire intervals show, in
general, fewer errors in classification, these differences are»not signifi-
cant. The principal difference in the results considering AB as the standard
from those using A only as a standard is that there is no evidence that the
marginal distributions of the questionnaire techniques are any different from

the marginal distribution of the AB standard.
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Table 16. Classification of Questionnaire Responses Against Average Daily Smoking As
Measured by the Mean of the Lighter~Counter and Butt-Can Using X~

Questionnaire Intervals.

Average Number of Cigarettes Smoked Daily

(4B)
Response Misclassificatio
Question Class Less than 10 10-20 21-LO0 Over 4O Sum Rate {
Less than 10 5 0 0 0 5
" 10-20 0 7 2 0 9 7/30
21=L0 0 3 10 1 1L or
Over LO 0 0 1 1 2 23,3%
Sum 5 10 13 2 30
Less than 10 N 0 0 0 b
10=20 1 7 3 0 11 9/30
T, 23-40 0 3 10 2 18 or
Over L0 0 0 0 0 0 30.0%
" Sum 5 10 13 2 30
Iess than 10. 5 0 0 0 5
10=20 0 8 1 0 9 /30
113 21-10 0 2 12 1 15 or
Over 4O 0 0 0 1 1 13.3%
Sum 5 10 13 2 30
Less than 10 b 0 0 0 I
10-20 1 8 2 0 11 6/30
n 21-L0 0 2 10 0 12 or
Over L0 0 0 1 2 3 20.0%
Sum 5 10 13 2 30
Less than 10 5 0 0 0 5
10=20 0 6 L 0 10 10/30
I, 21-40 0 b 9 2 15 or
Over LO 0 0 0 0 0 33.3%
Sum 5 10 13 2 30
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. Table 17. Classification of Questionnaire Responses Against Average Daily Smoking
as Measured by the Mean of the Lighter-Counter ard Butt-€an Using Intervwals
Different From the X Questionmaire,

“Average Number of Cigaretites omoked Dalily

Response i Misclassificatior
Question Class Less than § 8-17 18~37 Over 37 Sum Rate
Less than 8 2 0 0 0 2
8=17 2 3 0 0 5 10/30
X 18-37 0 2 13 1 16 or
Over 37 0 1 L 2 7 33.3%
Sum N 6 17 3 30
Less than 8 2 0 0 0 2
Y, 8=17 2 3 0 0 5 8/30
18-37 0 3 iRy 0 17 or
. Over 37 0 0 3 3 6 26.7%
Sum L 6 17 3 30
,“ Less than 8 3 0 0 0 3
| 8-17 1 3 1 0 5 8/30
13 16-37 0 3 13 0 16 or
Over 37 0 0 3 3 6 26.,7%
Sum L 6 17 3 30
Less than 8 l 0 0 0 L
8-17 0 L 0 0 b 5/30
i 18=37 0 2 15 1 18 or
Over 37 0 0 2 2 L 16,7%
Sum . 6 17 3 30
Less than 8 N 0 0 0 N
8=17 0 L 2 0 6 8/30
Te 16-37 0 2 13 2 17 or
- Over 37 0 0 2 1 3 26,7%
Sum b4 6 17 3 30
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Data are available from Phase III which will allow us to compare the

Yl and Y13 measures and to test the marginal distribution of each against

the X measure. No standard was administered to this group and the Ym and Yc
measures were not computed. Since the X data relates to different individuals

than the Y. and Y., data a two-way classification with X is not possible. The

1 13
two classifications for Yl and Yl3 are shown in Table 18 using the X question-

naire intervals and in Table 19 using the new intervals.

Table 18. Cross Classification of Responses to Yl and le for Factory and
Stemmery Employees Receiving the Y Questionnaire (Using X Question-

naire Intervals).

Response to Y Differential

Response to L Classification

Y Iess than 10 10 = 20 21 - 40 Over 40 Sum

13 Rate
Less than 10 286 30 ) 0 316

10 - 20 46 1524 L6 0 1616 324/2675

or
21 - 40 0 188 528 3 719 12.1%
Over 40 0 0 11 13 24

Sum 332 1742 585 16 2675




R4

- 54 -

Table 19. Cross Classification of Responses to Yl and Yl} for Factory
and Stemmery Employees Receiving the Y Questionnaire (Using

New Questionnaire Intervals).

Response to Response to Y, Differential

Yy Toasihan B B = 17 18 - 37 Over 37 Sum Classification
Less than 8 229 .20 1 0 250

8 - 17 47 584 71 1 703 26l4/2675

18 - 37 6 97 151k 27 1624 9?;%

Over 37 0 0 14 84 98

Sum 282 681 1600 112 2675

Using the X questionnaire intervals, %24 out of 2675 individuals were
classified differently by Yl and Yl}' yielding a rate of 12.1%. Using the
new class intervals, 264 or 9.9% were classified differently by Yl and YlB’
This difference in the percentage of differential classification is gignifi-
cant. Using Yl} as an example, shifting the class interval from 21 - 40 to
18 - 37 resulted in a change in the number of individuals from 719 to 1624,
That is, the number of individuals giving 18, 19 and 20 as their average
daily smoking less those individuals giving 38, 39 and LO was equal to 905.
This confirms the observétion made concerning Figure 1 and the number of
individuals reporting a pack of cigarettes as their average daily snmoking.

Although the X questionnaire was given to a different group of indi-
viduals than those receiving the Y, it is possible to compare the marginal

distributions of X with Yl and Yl} for the X questionnaire intervals. These

distributions are given in Table 20.
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Table 20. Marginal Distributions for X, Yl and Yl}

Using the X Questionnaire Interval.

Number of Individuals

Class Interval X Yl Yl3
Less than 10 385 332 316
10 - 20 1490 . 1742 1616
21 - 40 728 585 719
Over 40 37 16 2L
Sum 2640 2675 2675

The distributions for the two pairs of measures were tested sepa~
rately and resulted in Chi Square values of 47,29 and 14.61 for X Y, and

X Y., comparisons respectively. The probabilities that Chi Square of this

13
magnitude or greater could be obtained by éhance alone are less than 1% for
X Yl and less than 2% for X Yl}' Although we were unable to demonstrate

differences between X and the Yl and Y13 measures using the Laboratory and
Office personnel, there is evidence here that the X questionnaire actually

yields a different response from Yl or Yl}'

3,4 Error Component Analysis

In estimating the average daily cigarette smoking of a particular
segment of the population, it is helpful to know the magnitude of the various
components entering into the total error of fhe estimate when a particular
measuring instrument is used. If observations are made on a sample of the
population with an instrument which measures without error, the only com=-

ponent of error in the eventual estimate is that due to sampling. If the
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measuring instrument is not perfect, then either systematic errors or random
measurement errors or both will be present, in addition to the sampling error.
The daily smoking counts obtained with the lighter-counter in the Phase II
test permitted a breakdown of the error components fof various questionnaire
measures derived from the Y questionnaire.

The analysis is based on an additive modellé/ of components for each

questionnaire response. These componants are:

(1) the true average daily smoking of the population group,

(2) the deviation of the true average daily smoking of the individual
responding from the true group average,

(3) the bias in the response of this individual,

(4) a random response error which varies over occasions and individ-
uals.

With this particular model the variance of a response given by a randomly
selected individual on a randomly selected occasion also has four components.
These estimated components and their notation are:?

(1) the estimated variance of the true individual daily smoking
averages, denoted by si, |

(2) the estimated variance of the individual response biases,
denoted by sg.

(3) twice the estimated covariance of the individual response biases
with the deviations of the true average daily smoking of the in-
dividuals from the true group average, denoted by ZSIB’

(4) the estimated variance of the random response errofs, assumed to

be the same for all individuals, denoted by 5%'

;E/See Appendix K for a complete theoretical discussion of the model.
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The data collected by the lighter-counter provided the estimate si
assuming that each day's counts were made without error. These data also
provided an estimate of the day to'day variance in individual smoking for
the population group. This estimate is denoted by sg in the analysis. The
necessary estimates of the other components were obtained through a jo;nt
analysis of the lighter-counter data and the responses to the various
gquestionnaire measures. Since each individual in the Phase II study responded
to the Y questionnaire only once, it was not possible to obtain separate
estimates for the variance of the individual biases and the random response
error variance. The estimate of the sum of these two variance components has
been denoted by (sg + sg).

The results of this analysis for the 52 office employees participating
throughout the Phase II test are given in Table 21. Included in the table
are the observed average responses to each questionnaire measure, the esti=~
mated net, or average response, bias of the individuals and the estimated
variance of the questionnaire responses.

A similar analysis was possible for the Laboratory employees using
the lighter-counter only in the Phase I experiment. The results of this
analysis for the 27 subjects in this category during Period I are also given
in Table 21, as well as the results of the analysis for the total group of
79 individuals.

The results of the analysis indicate that there is not much difference
in regard to the non-sampling or response error components in the various Y
questionnaire measures under study. The individual biases tend to cancel

out as revealed by the magnitude of the net bias B. In terms of the group
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means, these net biases are of the order of 2.5 per cent which, however,
could be critical if greater accuracy were desired in the estimate of the
mean of a particular population group and if the results here are at all
indicative. Yl-and Yl3 over estimate the group mean whereas Ym and Yc under
estimate it. The under estimate by Ym was expected. The bias for Yc had the
happy chance circumstance of being estimated as zero (at least to two decimal
places) for the 52 office employees. None of the bias terms were statisti-
cally significant although the net biases in Yl and Ym for the Laboratory
personnel were quite large.

There was a significant association between level of smoking and
individual response bias for the Ym measure for both the Office personnel
and the combination of Laboratory and Office personnel. This is also re-
flected in the magnitude of the covariance term and would seem to be
sufficient to rule out this questionnaire measure of average daily cigarette
smoking, since a preferred measure would have no association between smoking
level and individual response bias. A consistent picture is not revealed for

the estimates 2s betwesn the Laboratory group and the Office personnel.

IB
It is doubtful that the number of individuals in the test were sufficient for
reliable estimates of the covariance component.

The estimates of (s§+s§) are somewhat less variable, but again leave
little in the way of choice among the various measures. A preferred measure
would have negligible individual response bias and random response error
variances. If one of two questionnaire measures had a large B but negligible

response error variances and the second had a small B but relatively large

response error variances, the latter measure would be preferred.
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The results for the responses to Yl3 made after Period I (i.e. Y13
post) as opposed to those made prior to Period I (I.e. Yl3 pre) for the
Laboratory personnel are further evidence of the learning process referred
to earlier. The net bias ﬁ,(sg + sg),and ZSIB all decréased markedly.

If the average of the lighter-counter and the butt-can when used
simultaneously is taken as the standard, 30 individuals among the Laboratory
personnel are available for making the same type of error compcnent analysis.
The number of daily observations depends upon the period in which the in-
dividual participated; those having AB in Period I have 12 - 14 daily
observations, those in Period II have 7 - 9 daily observations, and those
in both have 21 or 22 observations. The results of this analysis are shown
in Table 22.

This analysis assumes that the AB standard is unbiased and indicates
that for the estimation of group means, the measures Yl, Yl3 and Ym are all
positively biased, ard the probability that these differences are real is
quite high. In addition there is a high positive corrclation between level
of.smoking and individual response bias for the measures 313 and Ym. The
small positive bias in the measure Yo is not significant, nor is the co-
variance term large. Again, it must be rewembered that this analysis is

based on a small number of individuals.

3.5 Discussion of Phase II Results
The results of the analysis in Phase II, as in Phase I, leave some-
thing to be desired. Any conclusions regarding a selection of the "best"

questionnaire measure (among those tested) depend primarily upon two factors:



- bl -

Table 22. Surmary of Estimated Means, Variances and Response Error Components for
Several Questionnaire Measures of Average Daily Cigarette Smoking Con=
sidering the Average of the Lighter-Counter and the Butt-Can as the
Standard. (Laboratory Personnel Only).

Questionnaire Measure

Statistic Yl Y13 'Ym Yc
MNumber of subjects 30 30 30 30
No. of Test Days ' 7-22 7-22 7422 7-22
Mean (¥) 23,70 23.63 22,80 21.16
Bias (B) 2.70 2,63 1.80 0.6
Mean Square Error (MSE) 134,16  1h6.51  1ld.72 -
Bias Component of MSE (Ez) 4 6.57 6.27 2.73 -
Variance of Questionmaire Measure (52) 127.59  1Lo.24 138,99  133.50
Variance of Standard Measure (si) y 117.84  117.84  117.84  117.8k4
Variation Among Days in Individuals (sg) 13.44 13,4k 13.14 13.hh
Variation in Individual Bias (sg + s%) 6485 4.82 0.85 15,20

Twice the Covariance of Smoking Level
and Individual Response Bias

(ZSIB) 2.90 17.58 20.30 Oohé
Association between Smoking Level and
Individual Response Bias (rip) 051 W369%  1.,00%% +005
Test of Significance of Net Bias (t) 5,21 5,87 6,90%3 <l

% TIndicates significance at the 5% level,
s Indicates significance at the 1% level.

- Indicates.negative estimate of 82,



- B2 -

(1) The selected standard against which the questionnaire measures
are to be compared.
(2) The purpose of the survey.
If we accept the lighter-counter as the standard, there is little basis for

choosing among Y and Yc from a statistical standpoint. Y. and Yl3

10 13 1

have a positive net bias of about half a cigarette, while Yc has a negative
bias of gbout the same order of magnitude. Ym is not recommended because of
the relatively high association between smoking level and individual response
bias.

Any decision concerning the sampling procedure to employ also depends
to a very great extent upon the purpose of the survey and the accuracy de-
sired in the estiﬁates. If the purpose of the survey is to estimate an
average smoking level for a given population group, one of the questionnaire
techniques, perhaps Yl' would be preferred. This statement is justified
because the response error variénces are relatively small compared to the
true individual to individual variability and the bias is of the order of
one-half a cigarette. Since the cost of administering a questionnaire is
only a small fraction of the cost of using a standard, it probably would be
more efficient to increase the size of the initial sample rather than employ
double sampling. The exception to this recommendation would occur when the
accuracy desired was close to the net bias, B, of the questionnaire measure.

The questionnaire may also be used to estimate the frequency dis-
tribution of smoking levels for a given group. VIt is probably not as
effective for this purpose as for the estimation of a group mean but some of

the individual classification errors will compensate.
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If we should desire to cross classify smoking with some other varia-
ble, we should like individuals to be classified correctly. The question-
naire techniques are less satisfactory for this purpose than for the two
mentioned above., A double sampling procedure might not improve this situa-
tion since an adjustment would be made based on average regression. In
instances when the consequences of misclassification are serious, the study
may require the use of the standard by each sample individual. The question-
naire measures seem to bé improved by using the new intervals rather than
the Census intervals, although this evidence is not conclusive.

We were unable to demonstrate any differences in misclassification
rates among the questionnaire measures using data from the Laboratory and
Office personnel, but the data from the factory and stemmery employeces
indicate that there is a difference in classification between X and Yl and
between X and Yl}' With the data at hand, we cannot demonstrate which is
superior,

If we consider the average of the lighter-counter and the butt-can
as the standard, the questionnaire measure, Yc' is superior to the others.
It is the only subjective measure which does not have a significant bias,
and in addition, has a low correlation between level of smoking and in-

dividual bias. In this latter respect, Y, seems to have the advantage over

1
Yl}’ although the biases are about the same order of magnitude. A more
conclusive statistical choilce between the two measures will probably require

additiornal testing with a considerably greater number of subjects in order

that the response error components may be estimated with sufficient precision.
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lye Phase III. Employee Survey of Smoking Habits

L.l Objectives

The principal objective of Phase III was to measure by means nf the gquesticne
naire technique the amount of cigarette smoking of the permanent factory and stemmery
employees of the American Tobacco Company. These employees are in Riclmond, Virginiaj
Louisville, Kentucky; Reidsville and Durheam, North Carolina.

A second pbjective was to evaluate a questionnaire, developed to elicit
nbjective responses to questions on smoking habits.

L2 Method of Study

2.1 The Questionnaires

The X Questinonnaire was administered to one=half of the employees in each
plant. The Y Questionnaire was administered to the other emplnyees. Certain
questions from the X Questinnnaire were included in the Y Questionnaire sn that the

data from each questinonnaire might be combined.

1.2.2 Administration of Questionnaires

From each stemmery and factory (plant) duplicates of the most recent payrnll
prior tn the 10th of July were obtained for assigmment of the X and Y Questiomnaires.
The payroll indicated the sex of each employee, making possible an alternate assigne
ment of the X and Y Questionnaires within each sex.

One copy of the payroll was tlen cut into small slips, each of which enontained
the name of an employee and the X or Y designation. A second copy of the payroll with
the questionnaire assignment for each employee was retained for checking purpnses.

Excluded from interview were those employees not directly involved in
cigarette production. This small group included office personnel, outside watchmen.

and machine shop and power plant employees.
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The questionnaires were administered to groups of about forty employees at a
time. The actual practices followed varied aceording to the facilities of each
plant. In all cases, however, the space allocated for thess group interviews was
isnlated from the production process and was conducive to ease of administration.

The usual procedure was to give fhe employee slips tn the foreman, who in
turn handed them to the employees prior to departure to the interview location.
ane the group of employees had bean seated, the Questinonnaires were given out
aceording tn the X and Y assignments, and the purpnse of the survey and the question-
naire were explained. When the employee had completed the questionnaire, it was
then checked by one of the Institute of Stetistics supervisors. The average come
pletion time for a group was twenty minutes. The interviews were oonducted as
simultanenusly as possible in all locations. The first interview was begun on
Friday, July 13, and the final interview concluded on Friday, August 33 thus, the
data from the plants are comparable within a three-week perind.

Cnding of the questionnaires was completed at the interview location to
facilitate re~interview of individuals whose questionnaires were inconsistent or
incomplete. The coding was then checked in the office before processing the data
on IBM machines.

h.2.3. Completeness of the Data

Questionnaires were completed by 98.1% of the employees. Medical leaves of
absence accounted for the majority of absentees. Since the company allowance for
absenteeism is 5%, it appears that this particular time of year for the field work
was opportune.

Table 23 shows the completion rate and the distribution of the X and ¥

Questionnaires by plant.
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Table 23. QUESTIONNAIRE COMPLETION BY PLANT

Number nf Completed

Questionnaires
' ' ) Number Total Percent
Plant X Y Total Missed Lligible Completed
Durham Division 12y 127 251
Durham Branch 977 99l 1971
Durham Total 1301 1121 2222 3l 2256 98.5
Louisville Division 65 68 133
Louisville Branch 5,9 5h1 1090
Louisville Total 61 609 1223 7 1230 99.4
Reidsville Division 145 15 290
Reidsville Branch 10,9 1038 2087
Reidsville Total 1194 1183 2377 52 2429 97.9
Richmond Leaf Department 1,7 153 300
Virginia Branch 881 863 7Lk
Richmond Branch 157 156 313
Riclmond Total 1185 1172 2357 66 2523 97.3
Grand Total 409l  LOB5 8179 159 8338 98.1

The inequality between the X's and Y's was due to the

absentee factor,

Lie3 Present Ciparette Smoking

The difference from a fifty-fifty
expectation is negligible.

The results in parts 4.3, L.l and 4.5 were obtained by adding the data from

the X and Y Questionnaires. Classification of responses to Questions 1 and 13 on

the Y Questionnaire according to the classes in the X Questionnaire showed that the

responses to Question 13 were distributed more like the X Questiomnaires responses

than responses to Questionl, despite the fact that Question 1 was identical to the

X Question. Therefore, in all tables, classifications on Question 13 have been
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. combined with the X Questionnaire class responses. This is true of the cigarette,

cigar end pipe data.

As the sex difference is great = both in nunber of regular smokers and
amount smoked = the data are separated by sex throughout the report.

Tables 2l through 29 show the number and percent of regular smokers accord=
ing to the various demographic classifications. The percentage of regular smokers
in the plants (Table Zh) veries from 36.2% for the Reidsville Branch women to 88.0%
for the Reideville Division men. Part of the variation among plants can be attri=
buted to race, since the Divieions (Stemmeries) are predominately Negro.

The 35-Ll; age group has the highest percent of regular smokers for both
sexes (Table 25), while the 55 and over group has the lowest percent in each seX.
The other age groups are in the séme magnitude within sex, although the 2l or less
female age group does have almost 10% fewer regular smokers than the 25-3L female
age groups.

The Negro race has more regular smokers than the white race (Table 26) =
the meles 7% greater, and the feméle Negroes exceed the female white by 17%.

The Widowed, Divorced, and Separated lead in percent of regular smokers
(Table 27) = by L% in the male group, and almost 10% in the female group.

The stemmery supervisors have the highest percentage of regular cigarette
smokers in the job classification (Table 28), although only 2% more than the pre-
fabrication meles. The cigarette processing females (mainly white) are low, with
Lle1%e

There is no marked difference in the percent of regular smokers when classim-
fied by the number of years with the American Tobacco Company (Table 29), As in
the age table, fewer of the older employees smoke regularly.

Tn Tables 30 through 35, the number of cigarettes smoked per day again shows
a sharp difference between the sexes. Over-all, 34.8% of the male regular smokers
smoke 21-LO cigarettes a day, whereas the comparable female number is 12,.6%

(Table 30).
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The males in the )5 - 5); age group have the greatest percentage smoking more
than 20 per day, closely followed by the 35 = Ll group. In the female group, the
35 = Lk not only have more regular smokers but alsp smoke more = 15.1% of the regular
smokers who smoke more than 20 cigarettes on the average (Table 31).

Table 32 shows that although the Negroes have a greater percent of regular
smokers, the regular white smokers smoke more = 42.5% of the white males smoke more
than 20 a day as compared with 19.6% of the Negro male regular smokers. The same is
true of the females, but the difference is not as pronounced - 15.5% of the white
women regular smokers smnke more than 20 cigarettes a day as compared with 6.5% of
the Negro women.

The Widowed, Divorced and Separated people smoke only slightly more than
the married - in the male group 37.5% vs. 36.6%; in the female group, 16.15 vs.
12.2%, in the more than 20 per day columns (Table 33).

In the job classification, the supervisors are also the heaviest smokers =
and on this measure the factory supervisors outsmoke the stemmery supervisors
(Table 3)). The Shipping, Receiving and Miscellaneous women appear tn have more
opportunities to smoke, as their average is considerably hicher than the cigarette
processing females.

The number of years with American Tobacen Company appears to have no con~
sistent effect nn the amounf of smoking (Table 35). The percentages in each class
vary a great deal in both sexes.

Loy Present Cigar and Pipe Smoking

Relatively few regular cigar and/or pipe smokers were found among the American
Tobaceo Company employees - only 7.8% of the males were regular cigar smokers, l.L%
regular pipe smokers (Table 36). Since only 2 or 3 women reported being regular
cigar and/or pipe smokers, this section is confined tn the male smoker, classified

in age groupings.
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Table 3% shows that the nlder age groups smoke more cigars. The percentages
in the 2|, or less age group are misleading because of the small number in the group
who do smoke cigars regularly.

The regular pipe smoker amouhts also increase with age (Table 38). The
heaviest smoking age group is 15 - 5.

L5  Smoking History

The tables in this section are all classifications by age. The tables include
Number of Years Smoked Regﬁlarly for male and female regular cigarette smokers at the
present time (Table 39), and former regular eigarette smokers (Table 40). Table )1
shows the amounts former cigarette smokers used to smoke.

Present and past regular male clgar smokers are described in Tables L2, L3,

Lliy the pipe smokers in Tables U5, L6 and 47.
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Table 2. NUMBER AND PERCENT OF EMPLOYEES WHO SMOKE CIGARETTES REGULARLY,
BY SEX AND PLANT

Male Female a
Number Number Percent Number Mumber. Percent
Total Regular Regular Total Regular Repular
Employees Smokers Smokers Employees Smokers  Smokers
Plant
Durham Division 0L 90 86,5 1h7 93 63,3
Durham Branch 1149 938 81,6 822 399 18,5
Louisville Division L5 35 77.8 88 L9 55,7
Louisville Branch 608 L93 81.1 1,82 229 h7.5
Reidsville Division 75 66 88.0 215 116 5L.0
Reidsville Branch 1209 912 75.4 878 318 36,2
Richmond Leaf
Department 122 97 79.5 178 122 6845
Virginia Branch 963 753 7842 781 Lo3 51.6
Richmond Branch 167 12 7he3 1L6 78 53,4
Total Lhh2 3508 79.0 3137 1807 484

Table 25, NUMBER AND PERCENT OF EMPLOYEES WHO SMO

KE CIGARETTES REGULARIY,

BY SEX AND AGE

Age
2L or less 179 142 7943 152 61 40,1
25 « 34 1270 996 7844 1171 578 Lo.k
35 - Lk 1505 1229 81.7 1289 673 52,2
L5 - 5L 1035 800 773 849 398 46,9
55 and over L53 31 75.3 216 91 35.1
Total Lhh2 3508 79.0 3737 1807 L8.L

Table 26, NUMBER AND PERCENT OF EMPLOYEES WHO
BY SEX AND RACE

SMOKE CIGAREITES REGULARIY,

Race
White 3316 2561 7742 2891 1285 Ll b
Negro 1126 oLy 8L,1 _8h6 _5e2 61.7
Total L2 3508 7940 3737 1807 L8k
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Table 27. MNUMBER AND PERCENT OF EMPLOYEES WHO SMOKE
AND MARITAL STATUS,

-7l

Male

CIGARETTES REGULARLY, BY SEX

Femaler

Number Percent
Regular Regular
Smokers Smokers

2),2 80.1
3090 78.6
116 8).6
3508 79.0

Number
Total

Employees

417
2685

_635
3737

Number Percent
Regular Regular
Smokers Smokers

198 L7.5
12,8 L6.5
36 569
1807 48.h

Number
Total
Marital Status Employees
Single 301
Married 3933
Widowed, Diverced,
or Separated 208
Total 2
Table 20. NUMBER AND FERCENT OF EMPIOYEES WHO
AND JCB.
Job
Stemmery 236
Prefabrication 625

Cigarette Processing 2252

Cigarette Machine :
Maintenance 438

Shipping, Receiving,
Miscellaneous 503

Supervisors, Stemmery 110

Supervisors, Cigarette
Factory 278

Total hhl2

193 81.8
526 8.2
1735 77.0
323 73.7
110 81.5
95 86.)
226 81.3
3508 79.0

628
161
2803

145

..

3737

SMOKE CIGARETTES REGULARLY, BY SEX

380 60.5
102 63.4
1237 b1
88 0.7
1807 48.4

Table 29. MNMBER AND PERCENT OF IMPLOYEES WHO

AND YEARS WITH AMERICAN TOBACCO OOMP

Number of Years
With American
Tobacco Company

L or less 1,28
5«9 875
10 - 1) 1408
15 - 19 381
20 - 24 381
25 - 29 634
30 and over 335

Total hhl2

351 82.0
709 81.0
1101 78.2
309 81.1
310 81.)
486 76.7
_2h2 72.2

3508 79 .0

293
763
1315
261
276
515

26l
3137

SMOKE CIGARETTES REGULARLY, BY SEX

149 50.9
398 52.2
631 16.9
162 57.7
15 52.5
215 1.7
_loz 40.5
1807 48.Y
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Table 30. NUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS, BY AVERAGE NUMBER OF
CIGARETTES SMOKED FER DAY, BY SEX AND PFLANT.

MALE Average Number of Cigarettes Smoked Per Day

Less

Than 10 10 - 20 21 -~ 10 Over 10

Flant Bo. £ Moo Z No. 2 Mo. Z

Durham Division 9 10.0 55 é1.1 2l 26.7 2 2.2
Durham Branch 78 8.3 Lh72 50.3 375 10.0 13 1.,
Louisville Division 5 1L.3 13 37.1 16 15.7 1 2.9
Louisville Branch )0 8.1 269 5.6 17, 35.3 10 2.0
Reidsville Division 12 18.2 Lo 60.6 1, 25.2 0 =
Reidsville Branch 78 8.5 517 56.7 208 32.7 19 2.1
Richmond Leaf ' ‘

Department 13 13.4 62 63.9 21 21.7 1l 1.0
Virginia Branch 6 8.0 128 56.8 255 33.9 10 1.3
Richmond Branch 11 8.9 7L 57.2 42 33.9 0 =

Total 306 8.7 1927 54.9 1219 34.8 56 1.6
FEMALE
Plant
Durham Division 35 37.6 52 55.9 5 5.4 1 1.0
Durham Branch 70 17.5 263 65.9 65 16.3 1 .3
Louisville Division 20 L0.8 26 53.1 3 6.1 0 =
Louisville Branch 43 18.8 153 66.8 33 1h.h 0 =
Reidsville Division 51 )1,.0 58 50.0 7 6.0 0 -
Reidsville Branch 52 16.3 232 73.0 33 10.L 1 3
Richmond Leaf ' :
Department 38 31.1 75 61.5 8 6.6 1
Virginia Branch 6, 15.9 272 67.5 66 16.) 1
Richmond Branch 2 28.2 18 61.5 .8 10.3 o -
Total 395 21.9 1179 65.2 228 12.6 5 3

Total

90
938
35

Lo3
66

912

97
753
12}

13508

93
399
L9
229
116
318

122
Lo3
78

1807

i3

100.0
100.0
100.0
100.0
100.0
100.0

100.0
100.0
100.0

100.0

100.0
300.0
100.0
100.0
100.0
100.0

100.0
100.0
100.0

100.0



Table 31,

Male

Age
2} or less
25 - 3L
35 - Lh
L5 - 5k
55 and Over

Total
Fenale

Age
2l or less
25 - 3h
35 - Lh
L5 - 5L
55 and Over

Total

-73=

NUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS, BY AVERAGE

NUMBER OF CIGARETTES SMOKED PER DAY, BY SEX AMD AGE

Average Number of Cigarecttes Smoked Per Day

Less
Than 10 10 - 20 21 - L0 Over L0
Yo % Moo % No. % No. %

62 642 571 57.3 353 35,5 10 1.0
103 8.4 663 53.9 hh2 36,0 21 1,7
79 9.9 113 51,6 287 35.9 21 2.6
_bs 13,2 198 58.0 ol 27.6 1.2

——————

b
306 8.7 1927 5hs9 1219 3L.8 56 1.6

17 27.9 ho 65,6 L 6.5 0 -
101 17.5 395 68,3 81 1kL.0 1 .2
133 19.8 438 65.1 99 1.7 3 .h
102 25.6 260 65.3 35 8.8 1 .3
b2 13,3 L6 W 9 93 o0 -
395 21.9 1179 65.2 228 12,6 5 3

Total

Yo.
1h2
996

1229
800
3h1

3508

61
578
673
398

91
1807

Y

100.0
100.0
100.0
100.0
100,0
100,0

100,0
100.0
100.0
100.0
100.0
100.0
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Table 32, NUMBER AND PERGENT OF REGULAR CIGARETTE SMOKERS, BY AVERAGE
NUMBER OF CIGARETTES SMOKED PER DAY, BY SEX AND RACE
Male Avergg_e_ Number of Cigarettes Smoked Per Day
Less
Than 10 10 -« 20 21 - ho Over L0 Total
Race N 2 T 2% W= 3 T g w6 %
White 161 6.3 1311 5L.2 1039 Lo.5 50 2,0 2561 100,0
Total 306 8.7 1927 5L.9 1219 34.8 56 1.6 3508 100.0
Female
White 197 15.3 889 69,2 196 15.3 3 .2 1285 100.0
Negro 198 37.9 290 55,6 32 61 2 . 522 100,0
Total 395 21,9 1179 65,2 228 12.6 5 3 1807 100.0
Table 33, NUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS, BY AVERAGE
NUMBER CF CIGAREITES SMOKED PER DAY, BY SEX AND MARITAL STATUS
Male
Marital Status
Single 28 1.6 135 55.8 76 31.4 3 1,2 242 100,0
Married 260 8.k 1700 55,0 1082 35,0 8 1.6 3090 100.0
Widowed,
Divorced, or
Separated _18 10.2 92 52.3 61 3h7 5 2.8 176 100,0
Total 306 8.7 1927 5L.9 1219 34.8 56 1.6 3508 100,0
Female
Single L9 2L.7 126 63.7 23 11.6 - 198 100.0
Married 267 21.L 829 66.4 19 11.9 3 .3 1248 100,0
Widowed,
Divoreced, or
Separated _19 21.9 224 62,0 56 15,5 2 .6 361 100,0
Total 395 21,9 1179 65.2 228 12,6 5 .3 1807 100,0



Table 3L,

Male

dob

Stemmery
Prefabrication

Cigarette
Processing

Cigarette
Machine
Maintenance

Shipping,
Receiving,
Miscellaneous

Supervisors,
Stemmery

Supervisors,
Cigarette
Factory

Total
Female

Stemmery
Prefabrication

Cigarette
Processing

Shipping,
Receiving,
Miscellaneous

Total

75w

NUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS, BY AVERAGE

NUMBER OF CIGARETTES SMOKED PER DAY, BY SEX AND JOB

Average Number of Cigarettes Smoked Per Day

Less

Than 10

Yo,

38
69

11}
15

53

16
306

1Lk
36

193

22
395

2

19.7
13.1

696

L7

12.9
1.0

T.d
8.7

37.9
35.3

15.6

25.0
21,9

10 - 20

No.

125
3bs

958

150

235

L5

69

1927

211
60

862

L6
1179

%

6,8
65.6

5542
L6l

57.3
L7.4

3045
54.9

55.5
58.8

69.7

52.3
65.2

21 - Lo

No.

29
108

63L

1L9

119

Lé

134

1219

23

179

20
228

%

15.0
20,5

3645

6.1

29,0

L8k

5943
3.8

6.1
5.9

1h.5

22.7
12.6

Over L0
No. %
1 5
L .8
29 1.7
9 2.8
3 .8
3 3.2
1 31
56 1.6
2 .5
0 =
3 .2
_9 -
S 3

Total

No.

193
526

1735

323

lao
95

226
3508

380
102

1237

88
1807

z

100.0
100.,0

100.0

100,0

100,0

100,0

100.0
10040

100.0
100.0

100.0

100.0
100.0



-

-7 G

Table 35, NUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS, BY AVERAGE NUMBER
OF CIGARETTES SMOKED PER DAY, BY SEX AND YEARS WITH AMERICAN TOBACCO

COMPANY
Male Average Number of Cigarettes Smoked Per Day
o ' Less
Namber of Years Than 10 10 - 20 21 ~ Lo Over Lo Total
With American
Tobacco Company No. % No. Z No. % No, % Yo, %
L or Less Lo 11.L 200 57.0 108 30.8 3 .8 351 100.0
5-9 39 5.5 381 53,7 281 39,7 8 1.1 709 100.0
10 - 1k 88 8.0 6Ll 58.5 350 31.8 19 1.7 1101 100.0
15 « 19 23 7.4 161 52,1 118 38.2 7 2.3 309 100.0
20 - 2 L5 1k.5 175 96.5 87 28,0 3 1,0 310 100.0
25 ~ 29 b8 9.9 2h2 L9.8 183 37.6 13 2,7 - 486 100,0
30 and Over 23 9.5 Jd2h 51,3 92 38,0 1.2 _2k2 100,0

3
Total 306 8.7 1927 5L.9 1219 34,8 56 1.6 3508 100,0

Female
L or Lecs 35 23.5 99 66.4 15 10,1 0 = 149 100,0
5=9 68 17.1 269 67.6 61 15.3 0 = 396 100.0
10 - 1 117 18.5 420 66.6 92 1h.6 2 .3 631 100.0
15 - 19 35 21,6 105 6L4.8 22 13,6 0 = 162 100.0
20 - 24 51 35.2 8L 57.9 8 5.5 2 1.k 145 100.0
25 - 29 60 27.9 135 62,8 19 8.8 1 .5 215 100.0
30 and Over 29 27.1 . 67 62.6 11 10,3 0 - 107 100.0
Total 395 21.9 1179 65,2 228 12.6 5 .3 1807 100.0
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REGULARLY, BY AGE

Table 36. NUMBER AND PERCENT OF MALE EMPLOYEES WHO SMOKE CIGARS AND/OR PIPES

Number Percent Number Percent
Number Regular Regular Regular Regular
Total Cigar Gigar Pipe Pipe

Age Employees Smokers Smoker s Smokers Smokers
2L or less 179 10 5.6 3 1.7
25 ~ 34 1271 62 4.9 35 2.8
35 ~ U4k 1505 116 Te7 5L 3.6
Ls - 54 1035 1ok 10.0 6l 642
55 and over 1,52 55 12,2 38 8ol
Total Llkg2 3h7 7.8 194 i

Table 37, NUMBER AND PERCENT OF REGULAR MALE CIGAR SMOKERS, BY AVERAGE NUMBER

. OF CIGARS SMOKED PER DAY, BY AGE

Average Number of Cigars Smoked Per Day

jl' 1l=~2 3=14 5 -8 9 and More
Age No, %  No. % No. % No. %

2L or Less 6 60,0 1 10.0 2 20.0 1 10.0

25 - 34 38 61,2 6 25,8 L 6.5 L 6.5

35 - Uh 7% 6L.7 26 22,h 13 11.2 2 1.7

L5 - 54 61 58,7 28 26,9 13 12,5 2 1.9
55 and Over 32 58,2 16 9.1 17 12,7 [

Total 212 61,1 87 25.1 39 1L.2 9 2.6

Total
No. &
10 100,0
62  100.0
116 100,0
ok  100.0
_55  100,0
347 100.0

Table 38. NUMBLR AWD PERCENT OF REGULAR MALE PIPE SMOKERS, BY AVERAGE NUMBER OF

PIPEFULS SMOKED PIR DAY, BY AGE

Average Number of Pipefuls Smoked Per Day

Less 20 or
Than 5 5=.9 10 ~ 19 More
Age No. %  No. % Moo 3  No.
" 2L or less 2 66,7 1l 33.3 0 0 =
25 - 34 18 ol.k 9 25,7 8 22,9 o -
’ 35 - Lh 27 50,0 13 2Lk, 10 18.5 L 7.k
L5 - 54 2l 37.5 23 3%.9 1 17.2 6 9.
55 and Over 20 52.6 S 23.8 _7 18.L 2 5.2
Total 9L L6.9 55 28,3 36 18.6 12 6.2

Total
No. %
3 100.0
35 100.0
54 100,0
64 100.0
38 100,0
194  100,0
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Table 41, NUMBER AND PERCENT OF EMPLOYEES WHO USED TO SMOKE CIGARETTES REGULARLY s
BY AVERAGE NUMBER OF CIGARETTES USED TO SMOKE PER DAY, BY SEX AND AGE

Male

Age
2l or Less
25 = 3k
35 - Uk
45 - 5h
55 and Over
Total
Female
2k or Less
25 - 3L
35 - Lh
L5 = 5k
55 and Over
Total

Average Number of Cigarettes Used to Smoke Per Day

Less
Than 10
No. %
L L0.O
i 12,7
1L 4.3
10.9
6 154
L9 13,7
0 -
19 38.0
16 31.4
10 Lo.0
ERE
W8 35.1

10 - 20
Yo. 3
6 60,0
66 60,0
60 61,2
50 h9.5
22 56k
204 57.0
4 100.0
25 50,0
32 62,7
13 52,0
3 L2y
77 5642

2 - ko
No. %
0 -
29 264k
20 204k
35  3h.7
9 231
93 26,0
o) -
6 12,0
2 3.9
2 8.0
1 1b.2
11 8.0

Over

Lo

No, %
0 =
o9
bl
.9
5.1
3.3

Blo v = w

l-'IO o ¥ O o
]

Total
oo &
10  100.0
110 100.0
98  100,0
101 100,0
_39  100.0
358 100.0
L 100,0
50 100,0
51  100.0
25 100.0
_1 1000
137 100.0
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Table LL, NUMBER AND PERCENT OF MALE EMPLOYEES WHO USED TO SMOKE CIGARS REGULARIY,

BY AVERAGE NUMBER (F CIGARS USED TO SMOKE PER DAY, BY AGE

Age

2l or Less

25 - 3k

35 = bk

45 - 5k

55 and Over
- Total

Average Number of Cigars Used to Smoke Per Day

1 -2

%
50.0
50.0
60.7
L8.6
L1.2
51.1

3-14

7
50.0
35.7
39.3
2.8
h1,2
40,6

No,

0

N

o ks w O

5 -8

%

1h.3

8.6
17-6
8.3

Total
No, %

2  100.0
i 100.0
28  100.0
35  100.0
17  100.0
96  100.0
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Table 47. NUMBER AND PERCENT OF MALE EMPLOYEES WHO USED TO SMOKE A PIPE REGULARIY,

BY AVERAGE NUMBER OF PIPEFULS USED TO SMOKE PER DAY, BY AGE

Age
2 or Less
25 = 3l
35 - Lk
45 - Sk
55 and Over

Total

Average Number of Pipefuls Used to Smoke Per Day

Less
Then §
No. %
2 100.0
25 Lh.6
b6 LS.
b 39.1
11 3L.bL
118 2.k

20
5=-9 10 - 19 or More Total
No, % No. % Mo, % No. %

0 - 0 - o - 2 100.0
19 33,9 10 17.9 2 3.6 56  100.0
% 3. 18  17.8 3 3.0 101  100.0
35 Lo.2 16 18.L 2 2.3 87 100.0

A5 W69 6 18.7 9 - 32 100.0
103 37.1 50 18,0 7 2.5 278 10040
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h.6 Comparisons of American Tobacco Company Employees with the United States
Population

Tables U8 and L9 show the percentages of regular cigarette smokers in the
American Tobacco Company compared with the United States population. The United

States population estimates were obtained from Tobacco Smoking Patterns in the

United States, Public Health Monograph, No, L5, In Table 26 comparison is made

with the Urban population, since the majority of the American Tobacco Company
employees would be classified as Urban by the census. The Urban population has
a higher percentage of smokers than the Rural population.

That a higher percentage of employeec smoke regularly and more than the
United States population is evident by first glance at these tables. Certainly
a partial explanation of this is the economic one ~ American Tobacco Company

SN

employees are offered a free package of cigarcties a day on the job. However,
the percentage of the employees smoking more than a pack a day is almost 2-1/2
timee that of the United States population estimate (Table L8),

In these comparisons, sex, race, and age differences in the employees are,
in general, comparable to those found in the general population. The disparities
in the 65 and over age classification is due to the presence of only six

American Tobacco Company eémployees in that age group--three males and three

females,
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L7 Selected Resulbs from the Y Questionnaire

The objective responses obtained through fhe use of the Y Questionnaire on
one-half of the American Tobacco Company employees provide a great amount and
variety of data for detailed study., Presented in this section are only a few
tables which lend more description to the number of cigarettes smoked per day
than the broad classifications of amounts previously used.

Since the data in these tables were collected from a 50% sample of the
employees, these data are subject to sampling variations, and are to be
considered as estimates only,

Table 50 deals with the average number of cigarettes smoked by sex and
race, The intervals used for the average mumber are, however, narrower and
include the midpoints 5, 10, 15, 20, ete., These intervals describe the dis=-
tribution of the amount smoked better than the broader classes with cut-offs
at 10, 20, and LO cigarettes per day,

The effect of the series of questions used in the Y Questionnaire is }
illustrated in Table 51. The data are classified by Question 1, identical to
the X Questionmaire question, and Question 13, considered as the "BEST"
estimate of the average number of cigarettes smoked per day. The percent
change from Question 1 to Question 13 indicates uncertainty on the part of
individuals in regard to the proper answer to an objective question on number
of cigarettes smoked a day.

The final Table, Table 52, presents the average number of cigarettes
smoked by the original classgifications in Section L4.3. These estimates

and the amounts shown in Section L.3 are consicstent throughout,
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. Table 50. NUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS, BY BEST ESTIMATE OF
AVERAGE NUMBER OF CIGARETTES SMOKED PER DAY, BY SEX AND RACE

Q

Best Estimate of Average Female Male Total
Mumber of Cigarettes
Smoked Per Day No. % No. % Yo, %
7 or Less 70  10.7 55 L3 125 6.5
8 - 12 1o 21,5 88 6.8 228 11.8
13 - 17 102 15,7 133  10.3 235 12,1
18 - 22 254 39.0 513 40,0 767 39.6
23 - 27 36 5.5 7L 13.5 210 10.8
28 - 32 35 5.k 198 15.L 233 12,0
33 - 37 7 1,1 L9 3.8 56 2,9
36 - L2 6 o9 56 b.h 62 3.2
13 and Over 1l 2 20 1.5 21 1,1
> Total 651 100,0 1286 100,0 1937 100,0
Negro <
‘ 7 or Less 72 27.h 53 11.2 125 16,9
‘ 8 - 12 82 31.2 77  16.2 159 21.6
13 - 17 27 10.2 54 11.h 8L  11.0
18 =~ 22 67 25,5 200 L2.1 267 36,2
23 - 27 3 1.1 28 5.9 31 L2
28 - 32 8 3,0 18 10.1 56 7.6
33 - 37 1 ol 3 6 L 5
38 - L2 2 .8 10 2.1 12 1.6 .
43 and Over 1 oli 2 ol 3 oL
Total 263 100.0 475 100.0 738 100,0
Both Races
7 or Less k2 15.5 108 6.1 250 9,3
8 - 12 222 24,3 165 9. 387 1h.5
13 - 17 129 1kl 187 10.6 316 11.8
18 ~ 22 321 35.1 713 LoS o3k 38.7
) 23 = 27 39 L3 202 11.5 2l 9.0
28 - 32 b3 LT 246 1h.0 289 10.8
. 33 - 37 8 9 52 3,0 60 2.2
38 - 42 8 o9 66 3.7 h 2.8
L3 and Over 2 o2 ' 22 1,2 2l o9
Total 00,0 1 _100,0 75 100,40

#From Question 13, T Questionmaire
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Table 51, WUMBER AND PERCENT OF REGULAR CIGARETTE SMOKERS BY RESPONSE TO QUESTIONS
1 AND 13, Y QUESTIONNAIRE, BY SEX AND RACE

White
Responses to Questions 1 and 13,
Y Questionnaires Female Male Total
Question 1 Question 13 No. % No. % No. %
Less than 10  Less than 10 80 12.3 65 5.0 15 7.5
10 = 20 A7 2.6 6 5 23 1.2
Total 97 1k 71 5.5 168 8.7
10 - 20 Less than 10 9 1L 2 1 11 6
10 - 20 WS 68.h 652  50.7 1097 5646
21 -~ Lo 32 .o 11k 8.9 146 7.5
Total 86  7h.7 768  59.7 125k 6h.7
21 - o 10 - 20 5 8 28 2.2 33 1.7
21 - Lo 62 95 396  30.8 Us8 23,6
Over LO - 9 o1 9 5
Total 67  10.3 L33 33.7 500  25.8
Over - LO 21 - Lo - - 3 2 3 o2
over L0 1 a 11 9 12 o6
Total 1 ol 1k 1.1 15 8

Grand Total 651 100,0 1286 100.0 1937 100.0

Less than 10 89  13.7 67 5.2 156 8.1
10 = 20 L7 7.7 686  53.3 1153 59,5
21 - Lo 9h  1l.h 513  39.9 607  31.3
Over LO 1 .2 20 1.6 21 1.1

Total 651  100.0 1286 100.0 1937 100.0

#Question 1. "How many cigarettes do you smoke a day on the average?"

Question 13! "What is your BEST estimate of the AVERAGE rumber of cigarettes you
smoke daily?" :
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Table 51 (cont!d) NUMBER AND PERCENT (F REGULAR CIGARETTE SMOKERS BY RESPONSES
TO QUZSTIONS 1 AND 13, Y QUESTIONNAIRE, BY SEX AND RACE

Negro
Responses to Questions 1 and. 13,
Y Questionnaire# Female Male Total
Question 1 Question 13 No, & No. % No., %
Less than 10 - Less than 10 87  33.1 Sk 11.L 1 19.1
10 = 20 A6 64 7 1.5 23 3.1
Total 103 39.2 61 12,9 16l 22,2
10 -~ 20 Less than 10 7 2.6 12 2.5 19 2,6
10 = 20 128 L8.7 299 62.9 L27 57.8
el - ko 9 _3.k 33 7.0 L2 5.7
Total 1y 5h,7 3k 72.4 1488 6641
21 - Lo 10 ~ 20 5 1,9 8 1.7 13 1.8
21 - Lo 10 3.8 60 12,6 70 9.5
Over L0 I Y 1 o2 2 o3
\ Total 16 6.1 69 1L.5 85 11.6
Over LO 21 - 4o - - - - - -
Over Lo . = 1 .2 1 51
Total - - 1 .2 1 .1
Grand Total 263 100,0 475 100.0 738  100,0
Less than 10 o 35.7 66 13,9 160 21.7
10 - 20 19 56,7 31k 66.1 463 62.7
21 - Lo 19 742 93 19.6 112 15.2
Over L0 1 oL 2 o 3 o
Total 263  100,0 475 100.0 738  100,0

#Question 1;  "How many cigarvettes do you smoke a day on the average?"

Question 13 YWhat is your BEST estimate of the AVERAGE number of cigarettes you
smoke daily?"
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Table 51 (cont'd) NUMBER AND PERCENT OF RECULAR CIGARETTE SMOKERS BY RESPONSES
TO QUESTIONS 1 AND 13, Y QUESTICNNAIRE, BY SEX AND RACE

Both Races
Responses to Questions 1 and 13,
Y Questionnairest Femle - Male Total
Questionl  Question 13 Yo, % No. Yo. &
Less than 10 Less than 10 167 18,3 119 6.8 286 10.7
10 - 20 33 3.6 13 N L6 1.7
Total 200 21,9 132 7.5 332 12,4
10 - 20 Less than 10 16 1.8 1k .8 30 1.1
10 - 20 573 62,7 951  5h,0 152 57.0
21 - Lo o b 1l 8.3 188 _ 7.0
Total 630  68.9 1122 63,1 17h2 65.1
21 - Lo 10 - 20 10 1.1 36 2.0 L6 1.7
21 - 40 72 709 56 25,9 28 19,8
[ Over Lo 1 a 1 o6 11 b
Total 83 9.1 502 28.5 585 21,9
Over 4O 21 - Lo - - 3 o2 3 o1
Over L4O 1 a 12 o7 13 o5
Total 1 o1 15 o9 16 6
Grand Total 91h  1090.0 1761 100,0 2675 100,0
Less than 10 183 20,0 133 746 316 11.8
10 - 20 616  67.h 1000  56.8 1616 60,4
21 - Lo 113 12,4 606  3L.L 719 26.9
Over LO 2 __ .2 22 1.2 o . __ 9
Total 91k 100.0 1761  100,0 2675  100,0

#Question 1. "How many cigarettes do you smoke a day on the average$"

Question 137 "What is your BEST estimate of the AVERAGE number of cigarettes you
smoke daily?"
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Table 52, AVERAGE NUMBER OF CIGARETTES SMOKED PER DAY BY REGULAR SMOKERS, BY
. SEX AND SELECTED CLASSIFICATIONS

Average Number of Cigarettes Smoked
Per Day by Regular Smokers

Plant Female Male
Durham Division 12,6 21.0
Durham Branch 16,1 21.1
Louisville Division 11.h 2h.l
Louisville Branch 17.1 21.7
Reidsville Division 11.h 18.2
Reidsville Branch 16,2 21,6
Richmond Leaf Department 13,6 17.L4
Virginia Branch 16.5 21.2
i Richmond Branch ik b 19.2
Total 15.5 21,1
® tes |

2l or Less 15.2 19.5
25 - 3k 16.2 21.2
35 = Lb 16.2 21.6
L5 - 5L 1h.2 21,2
55 and Over 11.2 19.5
Total 15.5 2l.1l

Race
White 16,7 22.2
Negro 12.6 18.0
Total 15.5 21,1

#From Question 13, Y Questionnaire
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Table 52 (cont'd) AVERAGE NUMBER OF CIGARETTES SMOKED PER DAY BY REGUILAR SMOKERS,
BY SEX AND SELECTED CLASSIFICATIONS

Average Number of Cigarettes Smoked
Per Day by Regular Smokersi

Marital Status Female Male
Single 14,8 19.8
Married 15,5 21.2
Widowed, Divorced, or Seperated 15.8 21.0
Total 15.5 21,1
Job
Stemmery 12.4 17.0
Prefabrication 13.6 18.7
Cigarette Processing 16.5 21,6
. Cigarette Machine Maintenance - 23,6
Shipping, Receiving, Miscellaneous 16.6 19,3
Supervisors, Stemmery - 23.9
. Supervisors, Cigarette Factory - 24,9
Total 15,5 21,1

Number of Years with American
Tobacco Company

L or Less 15,1 20,7
5=9 1644 21,5
10 - 1k 1641 21.1
15 - 19 15,3 21.8
20 - 24 13.3 19,7
25 - 29 13.9 20,8
30 and Over 1.8 21.9

Total 15.5 21.1

*From Question 13, Y Questionnaire



5. Summary and Conclusions

There have been a number of investigations conducted in recent years
attempting to relate the physical or mental condition of an individual with his
level of smoking. In order tn effectiveiy establish or measure such a relatinnship,
we should like to know the amountAuf certain elements or compounds (many of which
may be unknown at the present time) which enter an individualls system through
smoking and torlearn their subsequent effeqt. A mumber of snurces of error may
enter into these determinations. Some of these, in order of increasing complexity
with respect to measurement might be listed as followss

(1) Sampling error.

(2) Error in measuring the average number of ciga;ettes smoked per day.

(3) Error associated with the proportion of the cigarette burned.

(4) Error in the proportion inhaled from that portion burned.

(5) Error in the determination of the amount absorbed.

(6) Variability in the reactinn of individuals to a given amount
absorbed.

By use of modern sampling methnds, the sampling error can be reduced to a
size consistent with the precision desired and the budget available. Much less is
known about measuring or controlling the variation introduced by other sources of
error. This paper has attempted to increase our state of knowledge concerning
errors (2) and (3), i.e., the average number smoked per day and the proportion of the
cigarette consumed. |

It is doubtful that a completely nbjective measurement of these variables can
ever be evolved. A completely nbjective method of measuring an individualls average
daily smoking would regquire somemne nr samething to observe the subject 2} hours a

day and over a perind of days. The observation wuld have to take place unknown tno



the subject lest it influence his level of smoking. It appears that at best, some
semi;objective method of measurement might be developed. Any such semi-nbjective
technigue will be subjéet to criticism and the evaluation of alternatives will
necessarily involve judgment. Further, the cost of using a semi~-objective technique
would be prohibitive in large scale smoking habits swrveys. Therefrre, the use of a
standard, if adopted, would be limited to a sub sample of individuals and their
performance related to the use of a relatively inexpensive instrument such as a
guestionnaire.

These considerations led tn the formulation of three cbjectives.'

(1) To develop a standard which measures the amount of an individualls
current daily smoking.

(2) Tn develop an efficient method of measuring current smoking in
large populatinn groups.

(a) To develop a new questionnaire. (called Y)

(b) To test the new questionnaire against the standard and
against the questinnnaire (called X) used in the Natinnal
Cancer Institute study.

(3) To characterize the smoking of the permenent factory and stemmery
employees of the American Tobacco Company and to test for difference
between the X and Y questionnaire.

The three phases of the study refer tn the three nbjectives.

Phase I of the study was conducted with personnel from the American Tobacon
Company Research Laboratory as subjects. Since the number of individuals was Limited,
the semiw-objective methods were confined tn the lighter-counter (A), the butt~can

(B) and the combination of the two used simultaneously (AB). The lighter=-counter



instrument is a Zippo cigarette lighter with a two wheel counter attached o the
outside of the case. The counter is activated by a pin each time the cover of the
lighter is closed. The subject was instructed to light each of the cigarettes he
smoked and no other unless he 1lit one of his own at the same time. The butt~can
consists of a pocket;size can, about the size of a package of cigarettes, with a
small hole in the top through which the butt of each cigarette smoked is depnsited.
After the cigarette butt is inserted, the hole is closed tightly and the fire

goes out almost immediately. The use of the can ncours at the end of the smoking
process while the light-counter is used at the beginning. A desirable feature of
the buttecan is that it allowed us tn measure the weight of a cigarette left
unsmoked, and by sﬁbtraction the weight burned.

The design was a single crossover type using two periods. The personnel were
divided intn nine groups so as to make the average level of smoking for each group
approximately the same based on the results of the X questionnaire. The nine groups
(treatments) were A followed by A; A by B; A by AB; B by A; B by B; B by AB; 4B by
A; AB by B; and AB by AB. The subjects received the Perind I treatment for 1), days
and the Period II treatment for 9 days. The counting devices for each subject was
checked at the same time each day and the results recorded. Eighteen individuals
dropped from the study, and of these remaining, a mumber of daily readings were lost.
The 1oss in subjects and data increased” the eomplexity of the analysis since the
symmetry of the design was destroyed.

The X questionnaire was administered to Laboratory personnel two weeks prinr
to the initiation of Test Period I. The day before the test began, the Y questione
naire was given and again between Perinds I and IT the subjects received the Y
questionnaire. Parts of these data were used in meeting objective 2. In addition,

data for Phase II were collected from 52 office employees of the Virginia Branch
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and Richmond Leaf Department. The individuals were first divided into two groups
of equal size and two weeks prinr to beginning with the standard, the X questionnaire
was administered to one group and the ¥ questionnaire to the nther group. The day v
befnre the test period with the standard began, each group was administered the
opposite questionnaire. The lighter-counter (A) was selected as the standard with
which to compare the subjective technigues of measurement.
Five questionnaire measures were compared. These were:
(1) Answers to the question asked by the Census Bureau in the February,
1955, survey, denoted by X.
(2) Answers to the first question on the Y questionnaire, dennted as Yl.
(3) 4Answers to the 13th question on the Y questionnaire, asked after
recalling to the re’sponden'b's mind varisus aspects of his smoking:
habits, dennted as Y13.
(L) The arithmetic mean of answers to the questions asking the highest
and lowest number smoked per day dennted as Ym.
(5) A weighted average of answers to three questinng referring to the
"number smoked yesterday" (a week day weighted by five) and the
number smoked Saturday and Sunday, (each answer welghted by one),
dennted by Yc .
The test with the ligh*ber‘-counter, covered 16 days on the office employees.
For much nof the analysis in Phase II, the data from the Laboratory employees and the
Office employees were combined.

In Phase III, the X questionnaire was administered to approximately one-half
of the permanent factory and stemmery employees and the Y questiomnaire to the
nther half. The departure from a 50-50 split was due tn absenteeism, and was

negligible. The most recent payroll from each fé.ctory or stemmery was the basgis
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for randomization and assignment of an individual to the X or Y group. The question-
néires Wwere administered to groups of about )0 employees at a time. The questinn~
naires were distributed t» the employees according to the initial random assignment,
and the purpose of the survey and the questinnnaires were explained. When an
employees had completed his questionnaire, it was checked by one of the Institute

of Statistics supervisors on the spot. The average completion time per group was

20 minutes. Questionnaires were coded at the interview location so that emplnyees
whose guestinnnaires were incongistent or incomplete could be re-interviewed.
Questionnaires were completed by 98.1% of all eligible employees.

In considering the results and oonclusions, one point especially should be
borne in mind; how will the survey results be used? In general, there are two
primery uses of individual smoking habit datas

7(1) To classify the individual with respect to his level of smoking

as accurately, of course, as possible.

(2) To characterize the smoking habits of a populatinn grbup or

sub=group.
The results do not always relate to these alternative uses in the same manner.

A summary of the results and conclusions is presented by phase.

Phase I.

(1) The amount of daily smoking of individuals was different between week
days and week ends.

(2) The rank order of the estimates obtained by each eounting device
beginning with the highest average was
(a) Lighter-counter used alone.

(b) Iighter=counter when used with the bubt-can.

(¢) Mean of the lighter-counter and the buttecan when used simultaneousl
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(d) Butt;can when used with the lighter-counter.
(e) Butt:can used alone.
The greatest differences occurred between (a) and (b), and (d) and (e).

'Hence, it is apparent that each of the two instruments when used simultance

pusly influenced the other; the average lighter-counter reading was depressed

and the average butt-can reading was raised.

(3) The butt;can used alone probably was biased negatively.

(L) Based on statistical evidence, the choice nf a standard probably
lies between the lighter-counter alone and the average of the lighter-
counter and the butt~can when used simultaneously. Evidence is not
available for making a clear-cut choice between the two.

(5) The subjects showed some reluctance to using the butt-can, especlally
away from the office. This would indicate that in order to secure
and maintain the cooperation of the subject, this device must be
improved or eliminated from consideration in large, general population
studies.

(6) There was no association between number of cigarettes smoked per day
and weight per cigarette. There was, of course, a high association
between weight smoked per day and number smoked per day.

(7) There was evidence that the relationship between number smoked pexr
day and weight smoked per day is different for the three types of
cigarettes, i.e., 70 mm., 85mm. and 85 mm. filter.

(8) In predicting the average weight of cigarette tobaccn consumed per day

| for an individual or a given group of individuals, the use of the

information concerning type materially improved the prrediction equation.
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(9) As would be expected, the variability among individuals in terms of
percent of clgarette smoked was much greater than the variability
among days within individuals.

Fhase IT

(1) In estimating the mean mumber of cigarettes smoked per day for a
given group by use of the questionnaire technique
(a) There appeared tn be little to choose from among Y., YiB

and Yc from a statistical standpoint when compared with
the lighter-counter. Yh was inferior to the nther three
measures.

(b) The average for the lighter-counter and tre butt-can if
taken as the standard, made Yc the obvious choice among the
four Y measures. It was the measure having the lowest
assnciation between individual bias and levei\of smoking.
For the other three, there was a high probability that a
true bias existed.

(¢) From a statistical standpoint, there seemed to be little to
chooge from if limited to a choice of Yl or YiB' From a
practical standpoint the selection would obviously be Yi.

(d) The X measure is unsuited to give an average value for a
group since it only classifies individuals.

(2) 1In estimating the level of an individualls average daily smoking
for purposes of classification
(a) No diffevence in rates of misclassification could be demone

strated, with the Fhase II data, among X, Yl’ Y13, Yﬁ and Yc’
but there was evidence that all five classifications were

different from the classification based on the lighter~counter.
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(b) We have n» evidence that the rates of misclassification when
the lighter~counter was the standard differ from those when
the average of the lighter-counter and butt-can was the
standard.

(c) From the Fhase II data, there was no evidence that different -
class intervals resulted in fewer errors of classification.
However, peaks seemed to ncour in the frequency distribution of
individuals at 10, 20, 30 and LO cigarettes, rrimarily 20 and
Lo« It would seem wise, therefnre, to make these values the
midpoints, rather than the end points of the class intervals.

(d) From the Phase III data there was evidence that X classified
individuals differently from either Yl or Y13, gsing the X
questionnaire intervals, i.e., 1ess.than 10, 10-20, 21-)0, over -
4O. When Yi and Y13 were cross clagsified by the new intervals,
less than 8, 8-17, 18-37 and over 37, there was a significant
reduction in the proportion of individuals classified differ-
ently by the two measures nver the proportion classified
differently by the Census interval. There was no evidence
to indicate whether X, Yi or YiB was closest to the true

classification.

Phase III
The Phase III findings relate, of course, %o the population of permanent
factory and stemmery employees of the American Tobaceco Company.
(1) The 35;hh age group had the highest percentage of regular

smokers for both sexes.



(2)

(3)

(L)

(5)

(6)

=10l

The Negro race had a higher proportion of regular smokers than the
white; 84.17 to 77.2% for males and 61.7% %o L 4Z for female,
Approximately 8.6% of the widowed, divorced or separated men
smoked as compared to 78.6% for the married; 56.9% of the

divorced, widowed or separated women were regular smokers compared
to ;6.5% of the married women.

There was no marked difference in percentage of regular smokers
classified by length of service with the American Tobacco Company.
Only 7.8% of the males were regular cigar smokers and l.}j% regular
pipe smokers.

The precentage of white males who smoke regularly was 77.2% for the
American Tobacco Company employees compared with 49 .9% for the '
general U.S. population. For white women the comparison is Ll L%
and 23.6%; for non-white men 8).1% to 48.4% and non-white women
61.7% to 22.9%. Part of this difference is undoubtedly due to the
influence of the free package of cigarettes the American Tobacco
Company employees are entitled to receive each day. However, in
addition to higher proportion of regular smokers, American Tebaceo

Company employees smoked more.
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Y SMOKING HABITS STUDY

Instituté of Statistics
North Carolina State College

N? 4831

North Carolina State College is conducting a research study on the smoking habits of individuals. Your
answers will contribute valuable aid in this research.

The information you give on this questionnaire is confidential to North Carolina State College. Names
and data of individuals will not be revealed to anyone outside the college.

PLEASE READ EACH QUESTION AND INSTRUCTION CAREFULLY BEFORE ANSWERING.

1. What is your full name?

2. What is your age?

(years)

8. What is your sex? (Please check) ] Female
] Male

4. What is your race? (Please check) ] White
[] Negro
[] Other

5. What is your marital status? (Please check){] Single
[0 Married
[1 Widowed, Divorced, or Separated

6. What is your job classification or deseription?

7. How many years have you worked for the American Tobacco Company?

(years)

IF YOU NOW SMOKE AT LEAST ONE CIGARETTE A DAY, ANSWER PAGE 2 AND PAGE 5.
IF YOU NOW SMOKE AT LEAST ONE CIGAR A DAY, ANSWER PAGE 3 AND PAGE 5.

IF YOXGE'%W SMOKE AT LEAST ONE PIPEFUL OF TOBACCO A DAY, ANSWER PAGE 4 AND
P .

IF YOU DO NOT SMOKE NOW, ANSWER PAGE 5.




Page 2

CIGARETTE SMOKERS

IF YOU NOW SMOKE AT LEAST ONE CIGARETTE A DAY, PLEASE ANSWER THE QUESTIONS
ON THIS PAGE.

1. How many cigarettes do you smoke a day on the average?

I smoke about ______ cigarettes a day.
(Number}

The number of cigarettes you smoke might vary from day to day according. to your work, your type
of recreation, whether you are visiting, playing cards, watching television, etc. Not counting days when
you have a cold or other illness,

2. What is the LEAST number of cigarettes you might smoke o day?

I might smoke as few as _______ cigarettes a day.
{Number) -

3. What is the GREATEST number of cigarettes you might smoke o day?

I might smoke as many as _______ cigarettes a day.
(Number)

4. How many cigarettes did you smoke yesterday?

I smoked about —___ cigarettes yesterday.
(Number)

You might more easily remember the number of cigarettes you smoked during certain periods of the day.
5. How many cigarettes did you smoke from the time you got up until you arrived at work yesterday?

I smoked about _—___ cigarettes before I began working.
iNumber) .

6. How many cigarettes did you smoke from the time you started working until lunch time?

I smoked about . cigarettes during the work hours before lunch.
{Number)

7. How many cigarettes did you smoke during your lunch hour?

I smoked about ________ cigarettes during my lunch hour.
{(Number)

8. How many cigarettes did you smoke during the work hours after lunch? '

I smoked about ________ cigarettes during the work hours after lunch.
(Number)

9. How many cigarettes did you smoke from the time you quit work until your nwight meal?

I smoked about __________ cigarettes from the time I quit work until my night meal.
(Number)

10.  How many cigarettes did you smoke from the time you had your night meal until you went to bed?

I smoked about cigarettes from the time I had my night meal until I went to bed.

{Number)

The number of cigarettes you smoke on week-ends might be different from the number you smoke during
your working day. Also, the number of cigarettes you smoke on Saturday might differ from the number
you smoke on Sunday.

11. How many cigarettes do you usually smoke on Saturdays?

I smoke about —_____ cigarettes on Saturdays.
(Number)

12.  How many cigarettes do you usually smoke on Sundays?
I smcke about ________ cigarettes on Sundays.
(Number)

These questions have been asked to help you recall the number of cigarettes you smoke at different times.
Now look over your answers to all the questions and decide on a single number of cigarettes which you
think MOST accurately describes your present smoking. In other words,

13. What is your BEST estimate of the AVERAGE number of cigarettes you smoke daily?

I smoke ___ cigarettes a day.

(Number)




Page 8
CIGAR SMOKERS

IF YOU NOW SMOKE AT LEAST ONE CIGAR A DAY, PLEASE ANSWER THE QUESTIONS ON
THIS PAGE.
1. How many cigars do you smoke a day on the average?

I smoke about.___
(Number)

cigars a day.

The number of cigars you smoke might vary from day to day according to your work, your type of
recreation, whether you are visiting, playing cards, watching television, etc. Not counting days when you
have a cold or other illness, )

2. What is the LEAST number of cigars you might smoke o day?

I might smoke asfewas______cigars a day.
(Number)

3. What is the GREATEST number of cigars you might smoke a day?

I might smoke as many as______ cigars a day.
(Number)

4. How many cigars did you smoke yesterday?

I smoked about________cigars yesterday.
. {Number)

You might more easily remember the number of cigars you smoked during certain periods of the day.
5. How many cigars did you smoke from the time you got up until you arrived at work yesterday? /

I smoked about________cigars before I began working.
(Number)

6. How many cigars did you smoke from the time you started working until lunch time?

I smoked about_________ cigars during the work hours before lunch.
(Number)

7. How many cigars did you smoke during your lunch hour?

I smoked about_______ cigars during my lunch hour.
7 (Number)

8. How many cigars did you smoke during the work hours after lunch?

I smoked about______ . cigars during the work hours after lunch.
(Number) .

9. How many cigars did you smoke from the time you quit work until your night meal?

I smoked about_______ cigars from the time I quit work until my night meal.
(Number) .

10. How many cigars did you smoke from the time you had your night meal until you went to bed?
I smoked about________ cigars from the time I had my night meal until I went to bed.

(Number)

The number of cigars you smoke on week-ends might be different from the number you smoke during
your working day. Also, the number of cigars you smoke on Saturday might differ from the number you
smoke on Sunday. ’

11. How many cigars do you usually smoke on Saturdays?

I smoke about_________cigars on Saturdays.
: (Number)

12. How many cigars do you usually smoke on Sundays?

I smoke about__ cigars on Sundays.

(Number)

These questions have been asked to help you recall the number of cigars you smoke at differenf times.
Now look over your answers to all the questions and decide on a single number of cigars which you
think MOST accurately describes your present smoking. In other words,

18. What is your BEST estimate of the AVERAGE number of cigars you smoke daily?

Ismoke_________ cigars a day.
(Number)




Page 4
PIPE SMOKERS

IF YOU SMOKE AT LEAST ONE PIPEFUL OF TOBACCO A DAY, PLEASE ANSWER THE QUES-
TIONS ON THIS PAGE.

1. How many pipefuls of tobacco do you smoke o day on the average?

I smoke about.________pipefuls a day.
{Number)

The number of pipefuls of tobacco you smoke might vary from day te day according to your work, your
type of recreation, whether you are visiting, playing cards, watching television, etc. Not counting days
when you have a cold or other illness,

2. What is the LEAST number of pipefuls you might smoke a day?

I might smoke as few as_____ pipefuls a day.
(Number)

3. What is the GREATEST number of pipefuls you might smoke o day?

I might smoke as many as______ pipefuls a day.
(Number)

4. How many pipefuls did you smoke yesterday?

I smoked about_______pipefuls yesterday.
(Number)

You might more easily remember the number of pipefuls you smoked during certain periods of the day.
5. How many pipefuls did you smoke from the time you got up until you arrived at work yesterday?

I smoked about_______ pipefuls before I began working.
(Number) :

6. How many pipefuls of tobacco did you smoke from the time you started work until lunch time?
I smoked about____ pipefuls during the work hours before lunch.
(Number)
7. How many pipefuls of tobacco did you smoke during your lunch hour?

I smoked about_.______ pipefuls during my lunch hour,

{Number)
8. How many pipefuls did you smoke during the work hours after lunch?
I smoked about_____ pipefuls during the work hours after lunch.
{Number) .
9. How many pipefuls did you smoke from the time you quit work until your night meal?
I smoked about________pipefuls from the time I quit work until my night meal.
{Number)
10. How many pipefuls did you smoke from the time you had your night meal until you went to bed?
I smoked about_________ pipefuls from the time I had my night meal until I went to bed.
(Number)

The number of pipefuls of tobacco you smoke on week-ends might be different from the number you
smoke during your working day. Also, the number of pipefuls you smoke on Saturday might differ from
the number you smoke on Sunday.

11. How many pipefuls do you usually smoke on Saturdays?

I smoke about________pipefuls on Saturdays.
(Number)

12.  How many pipefuls do you usually smoke on Sundays?

I smoke about._______pipefuls on Sundays.
(Number)
These questions have been asked to help you recall the number of pipefuls of tobacco you smoke at differ-
ent times. Now look over your answers to all the questions and decide on a single number of pipefuls
which you think MOST accurately describes your present smoking. In other words,

13. What is your BEST estimate of the AVERAGE number of pipefuls you smoke daily? -

I smoke,_&_._;_)_pipefuls of tobaceo a day.



Appendix B

The first phase of the research work to be done with the employees of
the laboratory involves the use of gadgets amd we request your full coopera~
tion in this matter,

From our experience, we have found that people do not recall accurately
the amount of smoking they do over a 2L hour period. This has been your
experience too - in filling out these questionnairies,

We have two gadgets that we want you to use which will record your
smoking habits if they are used according to our instructions,

A, Lighter~Counter

1, Use only this lighter-~counter to light your cigarettes.

2, Do not carry any other lighters or matches.

3+ Do not light other peopls's cigarettes with this lighter=counter
unless you are also lighting your own at the same time,

Ly Do not lift the cover of the lighter or play with it unless you
are lighting your own cigarette.

B, Butt=Can

1. Drop every one of your cigarette butts when you finish smoking
into the can provided you,

2. If it is impractical to drop your cigarette butt in the can,
compensate by dropping a paper match or other similar object,

C. General Instructions

You will be assigned either the lighter-counter or the butt~can
or both,

You have been assigned an identification number,

You have been assigned a specific time of day between 9 a.m. and
430 p.m. to report to us in our office in the northwest corner of
the new part of the Laboratory.

Further instructions will be forthcoming as the needs arise.

Name

Identification Number:

Your Reporting Times




Appendix C
Record
Form
A

Identification No.

Institute of Statistics
North Carolina State College

Objective Method

Study

in Smoking Habits

Name

Method (circle one)

Job Classification

A B AB Age Sex
Block No. Race Irs., Smoked
cig::e$12§ do ) Butte
you think you Lighter-Counter Can
Day of | Day of smoked during Beginningj Ending
Date | Weck Test the past 2L hrs? Reading | Reading |Difference| Count
1
2
3
L
5
6
7
8
9
10
11
12
13

!
=
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Appendix B
Page 1 of 9
Measures of Individual Smoking, Personnel of the Research
Laboratory, The American Tobacco Company.

Individual 1 2 3 4 5 6 7 8 10 24 67

* E
Age 48 52 42 32 L2 L7 25 25 32
Sex M M M M M F M M M
Race W w W W W W C il w
Years Smoked 29 31 25 13 22 20 8 9 15
x%/ 4o 4o 35 25 17 60 31 Lo 30
1% (Pre) 4o 4o 35 25 17 60 30 4o 32
Yl} (Pre) Lo 4o 27 30 1?7 60 35 4o 32
¥, (Post) 40 4o 30 27 20 50 25 4o 35
Yl3 (Post) 4o 40 30 29 18 47 25 35 35

Period I -~ Lighter-Counter (4)

Day A

W May 23 - 29 28 -- Ly 48 26 -~ 36
Th 24 31 36 46 24 25 - 14 39 39
F 25 37 - 25 25 33 45 30 L4 32
s 26 - - 21 26 13 4o 25 Lo 34
Su 27 - - 30 28 26 49 18 32 39
M 28 - 55 24 31 23 50 25 L2 4o
Tu 29 - 36 1 27 25 50 12 50 33
w 30 - - 23 23 23 - 12 47 30
Th 31 51 32 26 26 9 54 - - 37
F June 1 35 - 29 23 27 48 - - 34
S 2 bs 21 27 32 16 37 - - 31
Su 3 37 31 20 28 21 39 - - 34
M b4 31 36 27 25 19 53 24 k6 - 45
Tu 5 20 39 24 29 21 51 27 36 43

Period II -~ Lighter-Counter (A)
w 6 26 33 - 28 28 b 32 43 4o
Th ? 23 28 24 32 12 53 34 32 37
F 8 32 34 30 26 27 55 29 51 36
S 9 30 31 18 27 17 42 23 - 4o
Su 10 29 31 13 30 14 50 27 - b
M 11 31 - 30 26 26 50 28 4s ko
Tu 12 32 -— 27 29 19 53 25 35 29
W 13 - 38 24 31 30 55 30 35 4o
Th 14 - L4y 31 34 26 4g 27 24 5

* Did not participate because of vacation, illness, night workers or non-smakers.

1/ Respondent's best estimate of number smoked per day on-the-average was re-
quested.

- Indicates subject did not participate that day.



Appendix B
Page 2 of O

Measures of Individual Smoking, Personnel of the Research
Laboratory, The American Tobacco Company.

Individual 12 13 14 15 16 17 19 20 21 22
*
Age L8 23 33 42 33 32 28 31 23
Sex M M M M M P F M M
Race W W w w w W W c C
Years Smoked 30 10 16 22 15 5 2 15 8
X%/ 50 35 30 25 15 15 13 30 20
Yl (Pre) 50 35 35 22 20 15 10 30 20
le (Pre) . 55 34 25 22 14 15 6 25 20
Yl (Post) 50 35 4o 23 20 15 4 20 20
YlB (Post) 50 33 4o 23 17 i5 4 20 20
Period I -~ Lighter-Counter (4)
Day
W May 23 66 - 39 26 17 15 8 22 21
Th 24 48 C 43 28 24 17 15 8 21 13
F 25 56 35 34 26 9 15 29 4o 21
8 26 51 24 38 19 o] 16 4 21 -—
Su 27 48 26 -~ 18 5 12 4 19 --
M 28 58 32 - 26 - 17 - 18 1?7
Tu 29 50 31 - 21 17 14 8 19 24
w .30 52 33 Ly 31 21 15 6 30 16
Th 31 65 32 3k 33 20 16 4 21 18
F June 1 58 21 23 21 14 19 3 21 23
S 2 39 38 39 - 0 17 3 20 26
Su 3 66 26 4o 20 8 19 4 26 18
M 4 63 27 30 20 18 17 3 20 20
Tu 5 sk 4o v 33 23 19 8 23 15
Period II - Butt-Can (B)
w 6 L2 37 28 18 22 16 3 18 15
Th 7 34 26 26 20 23 22 4 22 13
F 8 4g 30 26 17 13 17 0 26 22
S 9 4z 28 36 19 0 12 0 24 15
Su 10 43 20 32 19 10 16 0 18 12
M 11 23 32 32 19 22 19 0 ok -
Tu 12 46 . 27 33 - 19 17 1 20 15
W 13 39 30 38 18 18 17 0 18 22
Th 14 51 24 28 23 22 16 0 13 21

* Did not participate because of vacation, illness, night workers or non-
sumokers. .

1/Respondent's best estimate of number smoked per day on~-the-average was
requested.

- Indicates subject did not participate that day.



Appendix B
Page 3 of 9

Measures of Individual Smoking, Personnel of the Research
Laboratory, The American Tobacco Company.

23 25 26 27 28 29 30 31 32

Individual 9

Age 38
Sex P
Race w

Years
Smoked 2k

& s
Yl (Pre) 5
Y13 (Pre) 5
I, (Post) 5
Yl} (Post) 5
Day

W May 23

=
U £\ o
[

n
[~
=
o
WHEOAW OOCOONN

11 18
32 28 33
M M M
c W w
10 5 16
8 0 50
10 2 Lo
5 2 4o
5 2 Lo
5 2 40
- 8 9 Ly
- 6 2 -
- 10 1 30
- 2 0 -
- 6 6 -—
- 5 2 39
5 9 5 35
- 8 2 39
6 7 1l 41
6 L 6 L6
6 7 0 -
2 5 2 -
0 7 3 39
8 5 7 38
Period II - Lighter-Counter
B A B A B A B
6 4 6 1 1 45 36
5 7 7 1 1 37 37
0 6 6 0 0 55 50
1 8 8 3 3 2019
6 5 5 1 1 36 3
> 7 7 0 0 3229
6 6 4 0 0 48 43
4L 8 8 1 1 35 32
3 9 8 0 - 47 37

*

b2
M
W

21
30
30
30
30
30

*

39
M

w

20
15
15
15
15
15

Period I ~ Lighter-Counter (4)

27
31
27
25
29

29
26
32
30
25

29
30
28
27

(A) and

A

29
28
27
28
35

31
36

B

29
28
2k
28
34

28
36

12
16
12
14

3

19
16
17
16
11

18
14
18

*

29
F

W

12
20
20
22
20
23

23
22
21
24

26
25
24
20
20

20 -

18
27

Butt-Can (B)

A

17
12
14
16
16

14
16
15
18

B

19
10
13
16
16

14
17
15
18

A

25
19
2k
20
21

a5
29
27
24

* Did not participate because of vacation, illness, night

smokers.

B

21
20
25
19
19

26
30
27
23

*

A

28
2k
24

= -

2k
23
27
2h

32

15
25
30
30
20
30

B

25
25
25
27

9
2k
23
19
25

59
36

18
18
20
18
20
19

A

19
18
16
2k

19
18
16
22

workers or none-

B

15
12
16
14
23

18
15
19
21

Y Respondent's best estimate of number smoked per day on-the-average was re-

quested.

- Indicates subject did not participate that day.
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Measures of Individual Smoking, Personnel of the Research
Laboratory, The American Tobacco Company.

Individual 33 34 35 36 37 28 29 40 41 42 43

*

Age L6 48 20 36 31 34 23 32 42 31
Sex M M M M M M F F M M
Race W W w w W w W w C c
Years Smoked 13 12 10 10 10 11 10 10 22 21
x%/ 55 Lo 35 21 17 0 30 7 20 20
Yl (Pre) 45 40 40 24 18 0 30 8 25 20
YlB (Pre) 45 40 Lo 20 18 0 30 6 25 20
Yl (Post) 45 40 30 15 18 2 25 4 20 20
213 (Post) 45 Lo 33 15 18 2 25 4 20 20
Period I - Butt-Can (B)
Day
W May 23 55 50 32 18 - 5 30 12 26 16
Th 2k 54 43 30 25 13 1 24 6 25 21
F 25 51 41 26 8 12 1 22 2 28 25
S 26 31 Lo 26 5 12 0 15 0 23 12
Su 27 29 29 25 16 9 1 23 4 23 12
M 28 48 39 39 25 17 2 30 5 24 19
Tu 29 48 37 33 - 15 1 24 1 33 15
w 30 -- 36 31 19 12 1 21 3 27 18
Th 31 4o 47 26 25 11 2 29 0 20 18
F June 1 34 4 31 -- 9 6 25 0 25 22
S 2 36 - 21 L 9 0 15 o] 28 15
Su 3 L2 33 25 14 9 0 23 2 21 18
M 4 41 41 20 28 13 2 29 8 25 20
Tu 5 47 46 25 24 16 1 21 6 25 21
Period II - Lighter-Counter (4) '
w 6 46 sk 31 28 16 0 33 9 26 20
Th ? LYy 43 31 27 17 1 27 7 21 21
F 8 Yo 45 - 17 10 4 -- 4 Lo 31
S 9 62 35 36 2 11 0 22 0 23 23
Su 10 L5 37 31 29 16 1 26 11 32 20
M 11 - 53 34 20 20 7 27 10 22 23
Tu 12 - 48 37 27 18 4 28 9 32 18
W 13 53 48 29 24 17 3 31 7 26 22
Th 1k 53 53 41 25 26 - 24 9 27 20
* Did not participate because of vacation, illness, night workers or non-
smokers.

Y Respondent's best estimate of number smoked per day on-the-average was re=-
quested.

-~ Indicates subject did not participate that day.






