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INTRODUCTION

This report covers details of the research designs employed and the results
‘of preliminary analyses of the data collected to accomplish the first two objectives
of this project, These objectives are:
1. To develop a standard measure oi the amount of current smoking by
individuals, and
2. To develop a questionnaire for measuring the amount of current
smoking, and to test its accuracy against the standard.
Research in connection with the first objective is hereafter referred to as Phase I;

that in connection with the second objective as Phase II,

PHASE I

Introduction

Research aimed at accomplishing the first objective of this project was con=-
fined to a comparison of two semi-ob jective instruments for measuring daily cigarette
smoking by individuals. The two instruments were developed cooperatively with
personnel of the Richmond Research Laboratory of the American Tobacco Company. The
first of these instruments consists of a three digit counter attached to the case of
a Zippo cigarette lighter. The counter is activated by a pin each time the cover of
the lighter is closed following use. An accurate count of the cigarettes smoked by
an individual during a specified time period can be cbtained with the lighter-counter
provided the subject is sufficiently motivated to light each of his own cigarettes
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 inad-

vertently, The second instrument tested consists of a pocket size can with a small
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covered hole (of diametér_slightly larger than the diameter of a cigarette) through
which the butt of each cigarette smoked is deposited., It is to be noted that use
of the lighter-counter occurs at the beginning of the smoking process, whereas use
of the butt can occurs at the end,

Design of the Study

An experiment designed to compare the lighter=-counter and butt can was carried
out with the Richmond Research laboratory personnel during the period May 23, 1956
tn June 1), 1956, Basically the experimental design was of the single changeover
type in which each subject used either the lighter-counter or the butt can or both
instruments to obtain 2}, hour counts of clgarettes smoked for a period of 1 days(l)
and then switched instruments for a second perlod of 9 days.( ) Designating use of
the lighter-counter alone by A, the butt can alone by B and simultaneous use of both

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

combinations for the two periods:

Period 1 Period II1
A A
A B
A AB
B A
B B
B AB
AB A
AB B
AB AB

Initially, 96 of the Research Laboratory employees who reported themselves to

be cigarette smokers on a qnestionnaire(B) administered two weeks prior to the

(1) May 23, 1956 through June 5, 1956
(2) june 6, 1956 through June 1h, 1956
(3) This was the questionnaire used by the Bureau of ths Census in February 1955

to measure smoking habits of the nation. This questionnaire is hereafter re-
ferred to as the X questionnaire, A copy is included in the Appendix,
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advent of the experiment were used as subjects for the comparison. The 96 individe
uals were first classified by sex and race yielding 63 white males, 18 white females
and 15 non-white males. Next, the subjects in each sex-race group were ordered
according to the average number of cigarettes smoked per day as reported on the
guestionnaire, The sex-race groups were then subdivided into blocks 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 counting device 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 subjects.(h) These included requests to avoid checking on their
own daily smoking by lifting the masking tape covering the counter face on the
lighter-counter or by counting the cigarette butts collected in the butt cans,

Data Collection

Each subject was assigned a reporting time (between 8:00 AM. and ;00 P,i,)
for purposes of recording the counter reading and collecting the cigarette butts
for the previous 2|, hours. The same daily reporting time for each subject was
maintained throughout the period of the study., The reporting times were arranged
such that 3 subjects (one A, one B, one 4AB) 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

reported.(S) The contents of the butt cans were emptied into appropriately identi-

(L) A copy of the mimeographed instructions is included in the Appendix,

(5) See record form A in Appendix.
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fied 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 ths butts from the weight of the whole cigarettes.(é)

The 1a£ter figure was computed by multiplying the number of butts by the average
production weight of the particular brand and type of cigarette.' ')

Preliminary Data Analysis

It was impossible to retain the symmetry of the design discussed above since
8 of the 96 subjects originally expected to participate were not available for
reasons of illness, vacation, etc. An additional 9 subjects participated in only
a portion of the study, leaving a total of 79 subjects for analysis. Differences
in average smoking level among the groups assigned the three cigarette counting
devices were accounted for in the analysis, therefore, by adjusting the observed
smoking levels according to the regression on reported smoking levels., The latter
information was obtained for all but one of the 79 subjects on a questionnaire(a)
administered just prior to Period I. Such an adjustment undoubtedly would have
added little to the validity and precision of the final comparisons if the origindl
design symmetry had been maintained. The original design would have»permitted
smoking level differences among the blocks to be removed in testing for differences

among the counting instruments.

(6) See record form E in Appendix.

(7) Lucky Strike (70 mm) 1,080 gms/cig., Pall Mall (85 mm) 1.246 gms/cig.,
Filter-tip Tareyton (85 mm) 1,233 gms/cig.

(8) This was the questionnaire (except for minor changes) developed for testing

in Phase II and is hereafter referred to as the Y questionnaire, A copy is

included in the Appendix,
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In addition to the data losses incurred through loss of subjects, certain of

the daily counts were lost through lighter-counter failures or failure on the part

of the subject to use the assigned counting device as prescribed.

The latter losses

were highest on week-ends. The extent of these data losses is indicated below.

a. Analysis of Adjusted Daily Group Means

A separate analysis for each day of the experiment was

carried out as the data became available., The pertinent data

are summarized in Table I, It is to be noted that the number

of observations for these analyses varled from day to day and

among counting devices. Reasons for this variation were

mentioned above.

Since the symmetry of the original design (blocks of 9

individuals of comparable smoking level) was not maintained,

direct comparison of the daily averages for each counting

device could lead to false conclusions, It is apparent that

the number of cigarettes smoked on a given day, as recorded by =

a given measuring instrument, reflects among other things the

smoking level of the individual. In order to account for

differences in smoking level among the three groups of sub-

jects (i.e. to put the groups on a common basls), the average

daily counts were adjusted by means of a co=variance analysis

to the group response average as reported in Question 13 of the

Y questionnaire administered just prior to Period I of the test.

Table I shows the adjusted group means for each day. For

any given day, the average number of cigarettes smoked as re-c

corded by each device is directly comparable. The possible

comparisons are shown in the columns headed (A-B), (A~AB) and



Table I

OBSERVED AVERAGE NUMBER OF CIGARETTES SMOKED BY DAY AND
COUNTING DEVICE ADJUSTED FOR REPORTED SMOKING LEVELS

No. Observations Adjusted Means Differences
Date A B AB A B AB  (4-B) (A-AB) (AB-B)
Period I
Wed, May 23 20 28 23 26,3 22.62 22.77 3.81 3.66 0.15
Thurs. May 2l 25 31" 25 25,06 22.02 23.07 3.04 1,99 1.05
Fri., May 25 25 31 22 27.22 20,1 20,04, 7.08 7,18 -0.,10
Sat., May 26 22 31 22 22,78 17,12 214y 5.66 1.3  1.32
Sun. May 27 22 30 18 22,61 17.7h 2L.20 }.B87 1.3 3.6
Mon., May 28 22 30 25 26,79 21.89 21.68 ).90 5,31 0,21
Tues. May 29 23 30 26 2,32 19.25 21,37 5.07 2.95 2,12
Wed, May 30 2l 28 21 25.63 20.05 23.38 5,58 2,25 3,33
Thurs. May 31 26 29 260 26,78 21,28 25,11 5.50 1.67 3.83
Fri, June 1 2, 28 20 23,9 18.58 2447 5.36 -~ .53 5,89
Sat., June 2 21 28 rh 23.13 16.35 23.05 6.77 .08 6,69
Sun, June 3 22 28 19 23,80 17.56 23.35 6.2, W5  5.79
Mon., June 27 28 23 27.19 22,0l 23,75 5.15 3.4 1.71
Tues, June 5 26 28 2L 26,98 22,73 25.02 [.25 1,96 2.29
Period IT '

Wed. June 6 26 27 23 25,67 21.47 2Lh.13  L.20 1.5), 2.66
Thurs, June 7 28 27 21 24,19 22.32 22.17 1.87 2,02 «0.15
Fri, June 8 27 27 18 26,34 21,97 22.23 L.37 LI 0.26
Sat, June 9 27 26 17 21.78 19,77 21.27 2.01 .51 1.50
Sun. - June 10 27 26 18 2h.52 19,19 22.59 5,03 1.93 3,10
Mon., June 11 26 26 23 25,28 22,15 22.23 3.13 3.05 0.08
Tues, dJune 12 26 26 23 25,32 21,78 23.22 3.5 2.10 1.
Wed. June 13 26 26 21 25,62 23,40 22,57 2,22 3,05 =0.83
Thurs. June 1l 23 26 20 27.52 2,03 23.58 3.49 3.9, -0.15

(48-B){?) Examination of these colums reveals the most strilking
differences to occur between A and B, the lighter-counter and the
butt cann, Statistically, the daily lighter-counter averages

were significantly greater than the butt can averages on every

(9) 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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test day during Period I; on 12 of these days at the 957 significance
level or higher and at the 90% level on the two remaining days., The
smallest (A~B) difference in this period is 3.0} cigarettes and the
largest 7.08 cigarettes,

Analysis revealed significantly greater average cigarette
smoking counts for the A grbup as compared to the AB group on 6 of
the 1l days in Period I. It is to be noted that 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) difference were positive in
this period.

The (AB-B) comparisons were found to be statistically significant
on 6 days in Period I, with only two of the 1l differences negative.
It is to be not;d that with but three exceptions, May 25, May 28,
and June 1, the rank order of the daily group means was A; AB, B.

The comparisons for Period II confirm the general picture obe-
tained in the first period aithough 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 6 of the days, the (A-AB) differences
on 2 days and the (AB-B) differences on only one day. It should be
noted that the variation in cigarette consumption among individuals
using the same counting device precluded demonstration of daily group
mean differences of 2.5 cigarettes or less as statistically signifi-
cant with only 20 to 28 observations per group.

Pooled Analysis of Group Means

A pooled analysis of co-variance was carried out for each period
geparately to obtain adjusted counting instrument means and to test

the differences among these means, A total of 78 individuals who
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had participated throughout the experiment and who had also filled
out both the X and Y questionnaires prior to Period I were included
in this analysis. Of the 1092 possible observations during Period'I,
59 or 5.5 percent of the total, were missing due mainly to lighter-
counter failures. Only 13 or 1.9 percent of the possible total of
702 observations for Period II were lost, however. Values were
estimated for the missing observations (in order to simplify the
analysis) based on those observed for the particular individual and
counting device.,

Table IT shows the principal adjusted group means and mean
differences Ebtained from this analysis. A consistent pattern in
the counting instrument means (and hence the differences) is evident
for the two periods. For these subjects, the lighter-counter recorded
an average of approximately 3.l cigarettes more smoked per day than
the butt can. The average for individuals using both counting devices
simultaneously was closer to the average for the butt can alone, the
difference being less than one cigarette.

Of additional interest is the absence of any evidence to indicate
a change in smoking habits of the 78 subjects for the two periods.
Period differences have not as yet been analyzed for these data, but
a partial analysis in which the original blocking of the subjects
was used (where possible) reaffirmed the results in Table II and in
addition revealed periocd differences to be non-significant statis-

tically,
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OBSERVED AVERAGE NUMBER OF CIGARETTES SMOKED PER 2}, HOURS
BY COUNTING DEVICE AND PERIOD ADJUSTED FOR
REPORTED SMOKING LEVELS

Counting Device Period I Period II
Means 7
A 25,30 25,147
B 21.85 22,11
AB 22,52 23,02
Differences
A-B 3.h5 3.36
A-AB | 2.78 2.15
AB-B 0,67 0.91

c. Analysis of Unadjusted Group Means

It is of interest to compare the actual average daily smoking
counts obtained from the various instruments with the averages re=-
ported by the subjects in Question 13 of the Y questionnaire (Y13)
prior to the experiment. The data for these comparisons are
shown in Tablg IIT, The observed smoking means in this table are
the unadjusted averages for the 78 subjects (with missing values
supplied) referred to in the previous sections. Included in the
table are the average responses obtained to Y13bimmediately
following the completion of the data collection for Period I.

The differences between group means for the same period should not
be compared in Table III without adjustment for smdking level

differences.
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Table III
COMPARISON OF OBSERVED AVERAGE NUMBER OF CIGARETTES .

SMOKED PER 2, HOURS WITH AVERAGE RESPONSE

TO QUESTION 13 OF Y QUESTIONNAIRE (Y13) BEFORE

AND AFTER PERIOD I

o | FEEEPHIEES | 12 [ i | et e )
I II | Subjects I I I I

1 A A 9 32,79 33.05 35.67 33.22
2 A B 9 25.46 | 2L.48 25,11 21467
3 A 4B 9 18.72 17.18 18,56 18.78
L B A 10 21.21 25.50 2ly.40 22,20
5 B B 10 2L .49 2197 28.30 25,60
6 B B | 8 22,82 23,85 28.80 25,00
7 AB A 10 19.8) 21.97 22,80 21,30
8 AB B 8 17.95 16.60 21.25 18.63
9 AB AB 6 23,35 2,25 26.67 2,50

Examination of Table III reveals that with but two exceptions

~ (Groups 2 and 3), the averages of the questionnaire responses prior

to Period I were higher than the Period I averages recorded using

one of the various counting techniques,

In only one instance

(Group ;) were the Period II averages higher than the average

respongses prior to Perioed I,

It is interesting to note further

that the differences between the average prior vesponses and the

average cigarette counts in Period I for the groups using the

lighter-counter (A) are +2,88, =0.35, and ~0,16 respeotively,
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whereas the corresponding differences in the case of the butt can (B)
are +3,19, +3.081, and +5.98 respectively.

The average responses to Yl3 obtained after Period I were all
closer to the Period I observed averages than the average prior
responses with one exception (Group 2). Evidently the subjects
underwent a learning process during the experiment., Further exami~
nation of the Table III data indicates the subjects tended to learn
the average count revealed by the device being used and not neces-
sarily their own actual average smoking level.

The data for groups 1, 5 and 9 in Table III provide a quick
estimate of the extent of the average change in smoking level of
the subjects from Period I to Period II., The Period I 2} hour
mean for the subjects in these groups was 27,21 cigarettes; the
Period II mean was 27.71 cigarettes for an estimated period dif=-
ference of 0.50 cigarettes.

Discussion

The analyses presented above represent only a partial summari-
zation of the information available in the data collected during
Phase I. A more complete summarization will appear in the final
report., It is appropriate here to mention some of the rationale
which led to the choice of the lighter~counter as the most expedient
for use as the standard measure in testing the various questionnaire
techniques in Phase II,

The following conclusions regarding the performance of the
cigarette counting devices tested in Phase I can be drawn with
varying degrees of confidence,

1. If individuals tend to underestimate their current average

daily cigarette smoking, the lighter~counter will have a
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smaller measurement bias than the butt can alone or both
devices together.

2. If individuals tend to correctly estimate their current
average daily cigarette smoking, the lighter-counter will
again have the smallest measurement bias.

3. If individuals tend to overestimate their current cigarette
smoking, nothing definite can be said regarding the relative
accuracy of the cigarette counting devices tested without
some knowledge of the magnitude of the response bias,

Although it was impossible to evaluate the exact bias in any
of the semi-objective counting devices tested, it became evident
during the coursé of the test that the butt can was not readily
accepted by some of the participants, despite the generally high
motivation level of the group, Use of the lighter-counter appeared
to be influenced to a far lesser degree by subjective attitudes
than the butt can. Apparently, then, the butt can is a negatively
biased measuring device.

In light of the data and the greater objectivity apparent in
the use of the lighter-counter, it was therefore concluded that the
lighter-counter would also be most accurate in the case of over=
estimation on the part of individuals of their true current average
cigarette smoking, Accordingly, the lighter-counter was chosen as

the best standard among the devices tested.
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Analysis of Amount Smoked by Weight

While the lighter-counter was selected as superior to the butt can for measur-
ing the number of cigarettes smoked per day, the butt can was not without advante
ages, Specifically, the contents of the butt cans supplied data through which in-
formation on the amount of tobacco consumed by weight was compiled,

Available data on number of cigarettes smoked and amount smoked by weight are
shown for each period in Table VI for the 96 subjects initially available for the
Phase I experiment. There are many items of interest in this table; only a few of
the highlights will be mentioned here, however,

The average number of cigarettes smoked per day for the subjects in this
study ranged from less than one cigarette to more than 70 cigarettes., Considerable
day to day variation in the number of cigarettes smoked by many of these subjects
is evident from the width of the ranges observed, It should be noted that the
individual daily averages of the number of cigarettes smoked for the two periods
cannot be compared for consistency in this table since different counting instru-
ments were used in each period by approximately 2/3 of the subjects.

Analysis of the data on weight of the burned portion of the cigarettes smoked
in each 2} hour period revealed no correlation whatsoever between number of cigar=
ettes smoked and either the average number of grams of tobacco smoked per cigar-
ette or the percent of cigarette smoked, This was the case for both periods of the
experiment. On the other hand, and as expected, the average number of grams of
cigarette tobacco smoked per day is highly correlated with number of cigarettes
smoked. Individual smoking habits with respect to the length of the unsmoked
cigarette butt and the length of the original cigarette tend to reduce this correla-
tion, however, For example, in Period I subjecte L8 and 72 both averaged 21,2
cigarettes per day, but the former smoked only an average of 9.1 grams of tobacco
per day as compared with 16.6 gfams for the latter, ‘The percent of cigarette
gnmoked by weight was 39.9 for subjeet 48, but 61.1 for subject 72, This and other
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similar éxamples in Table VI suggested a breakdown of the data on amount smoked by
weight according to type of cigarette (e.g., 70 mm., 85 mm., filter).

The averages by type of cigarette for number of grams of tobacco smoked per‘
cigarette and peréent of cigarette smoked are shown for each period of the experi-
ment in Tables VIT and VIII, The data in these tables clearly indicate that the
70 mm, cigarette smokers smoked less tobacco per cigarette by weight on the average
than either the 85 mm, or filter cigarette smokers. The averages for the latter
smokers were in fair agreement since the filter cigarettes were also 85 mm.
cigarettes in all cases and of similar initial weight for all practical purposes.
These results indicate a tendency for the 70 mm, smokers, as a group, to leave un-
smoked the same 1eng£h of butt on the average as the 85 mm, and filter cigarette
smokers.,

Use was made of the highly significant regression relationship between grams
of cigarette tobacco smoked per day and average number of cigarettes smoked to |
estimate the average weight consumed in grams for daily smoking of 10, 20, 30 and L0
cigarettes, These estimates are shown by type of cigarette for both periods in
Table IX, Two facts stand out in this table. First, the regression line for the
70 mm, smokers is 3,11 grams lower than that fqr the 85 mm, smokers in Period I and
3439 grams lower in Peried II.(lO) On the other hand the regression lines for the
85 mm, and filter cigarette smokers differ by only 0,09 grams in Period I and 0.32
grams in Period II, their positions reversing for the two periods. Second, the
estimates for each type of cigarette remained remarkably consistent for the two
periods despite the fact that less than 2/3 of the subjects provided weight data
for both periods.

The main conclusion to be drawn from this preliminary analysis of the weight

data is that number of cigaréttes smoked daily is not a sufficient measure for

-

(1O)The pooled regression over type of ciparette was used for each period,
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Table VII

MEAN NUMBER OF GRAMS OF TOBACCO SMOKED PER

CIGARETTE BY TYPE OF CIGARETTE AND PERIOD

Type of " No. of Subject - Days lHean/Cigarette
{ Cigarette Subjects of Observation (gms, smoked)
Period I | Period IT | Period I | Period II | Period I | Period II
70 rm. 16 12 193 102 o5h5 555
85 mn. 29 29 362 232 677 692
Filter 12 9 12 12 666 710
All types 57 50 697 _hoé 638 661
Table VIII
PERCENT OF CIGARETTE SMOKED BY WEIGHT BY
TYPE OF CICARETTE AND PERIOD
Type of No, of ‘Subject ~ Days Percent of Cigarette
Cigarette Sub jects of Observation __Smoked by Weight
o Period I | Period IT | Period I | Period II | Period I Period IT
70 mm. 16 12 193 102 50.146 51.43
85 mm, 29 30 362 2h1 54435 55.77
Filter 12 9. 1,2 72 23:99 2763
AlL types | 57 51 697 115 53.20 | 55,03




Table IX
ESTIMATED GRAMS OF TOBACCO SMOKED PER DAY
FOR SEVERAL LEVELS OF DAILY CIGAREITE SMOKING
BY EERIOD AND TYPE OF CIGARETTE SMOKED

Period ngzsezie (c§g§§22§e§7gzi)
- 10 20 30 L0
I 70 mm, li.20 10.6L 17.08 23.52
85 mm. 7431 13.75 20.19 26,63
Filter 7.22 13.66 20.10 26.5
Ir 70 mm., 3.88 10.40 16.92 23 .1l
85 mm, 7427 13,79 20.31 26.83
Filter 7.59 1411 20.63 27.15

accurately classifying individuals according to cigarette tobacco smoked. It would
appear necessary to know type (length) of cigarette smoked as well as average daily
consumption., Further analysis of the data on amount smoked by weight will appear

in the final report.
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PHASE II

Introduction

The cost of using a daily counting device, such as the lighter~counter, to
obtain an accurate measure of current smoking in.largé 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 an
improved questionnaire for measuring the amount of current smoking, but also at
testing its accuracy against a semi-objective standard measure, namely, the
lighter-counter,

Following study of a number of questionnaires used in a variety of smoking in-
vestigations, the Y questiomnaire referred to in FPhase I was developed. Several
pre-tests were conducted and revisions made where necegsary. 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,
smoking on week-ends, and smoking during various periods of the day prior to inter-
view.(ll)

Since the questionnaire adopted by the U. S. Bureau of the Census for its 1955
smoking habits survey was to be used on one~half of the permanent factory and
stemmery employees of the American Tobacco Company in the Phase IIT smoking survey,
a study of its accuracy was included in the Phase II research, The Census question-
naire (referred to in Phase I and henceforth as the X questionnaire) differed from
the newly developed Y questionnaire, aside from the special features of the latter

mentioned above, in one major respect. The cigarette smoking respondents to the

(11) The questionnaire was designed with the intention that the day prior to

interview would be a weekday,
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Census questionnaire were required to respond to the question "How many cigarettes
do you smoke a day on the average?," only by checking one of the following five
classes:

1, OSmoke once in a while, not every day.

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

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

L. Smoke between 21 and 4O cigarettes (1 - 2 packs),

5. Smoke oﬁer 0 cigarettes (over 2 packs).
On the other hand 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 (Census) questionnaire was limited, therefore, to estimates of
the amount of misclassification; a considerably more detailed analysis regar&ing
the accuracy of the responses to the Y questionnaire was possible, however,

Design of the Study

A total of 60 office employees of the Richmond Branch were chosen to test the
aecuracy of responses 10 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 the first
group filled out the X questionnaire and the second group filled out the ¥ question-
naire, 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 tn use 16 days was based on an average day-to-day cigarette
smoking standard deviation of 5, determined 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 was based on the 52 subjects remaining.



‘ Preliminary Data Analysis

a, Misclassification Rates

The current average daily cigarette smoking of each of the 52 subjects
participating throughout the Phase II test were computed from the 16 days
of lighter-counter readings. The subjects were then classified according to
these daily averages into one of the four smoking classes used in the X questione
naire. These were classes (2) through (5) referred to above. Accepting the
resulting classification as a standard, misclassification rates were computed
for a variety of questionnaire cigarette smoking measures (obtained from -
responses to the X and Y questionnaires)by cross classification of these -
measures with the standard. The measures compared in this manner were
(a) the response to question la of the X questionnaire (denoted by X) s

' (b) the response to question 1 of the Y questionnaire (denoted by Yl),
(c) the response to question 13 of the Y questionnaire (denoted by Yl_'i)’
(d) the average response to questions 2 and 3 of the Y questionnaire (denoted
by Ym) » and (e) one-geventh the sum of 5 times the response to question l,
the response to question 11 and the response to question 12 of the ¥ questionw
naire (denoted by Y c)‘

The misclassification rates were computed by expressing the ratio of the
number of subjects misclassified to the total number of subjects as a percent,
A preliminary comparison of these rates for the group of subjects filling out
the questlonnaires in XY order against the group filling them out in YX order
indicated no detectable difference associated with order of questionnaire
presentation, In view of this and the fact that the muber of subjects was
limited, L5 subjects who used the lighter-counter only in either or both of the

‘ two periods in the Phase I test were included in the final misclassification
rate computations. The questionnaires had been presented to this latter group

of subjects in XY order prior to Period I,
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The resulting cross classifications for each of the 5 questionnaire
measures against the standard (lighter-counter) measure for the total of 97
subjects are given in Table X, The highest misclassification rate (23,7%)
was observed for the responses to question X, the lowest (17.5%) for the
responses to question Y13. The difference between these misclassification
rates was not statistically significant, however. The number of subjects
tested was insufficient to conclude with confidence that the observed
difference (6.2%) in the rates of misclassification for the two questions
was other than a chance difference, even though it might in fact be an
accurate estimate of thetrue difference.

The cross classification tables reveal a tendency (for this particular
set of class intervals) for light smokers as measured by the lighter=-counter
to classify themselves into a heavier smoking class, and for heavy smokers
to classify themselves into a lighter smoking class. |

One fairly oconclusive fact revealed by the data in Table X is that even
with a series of questions designed to elicit greater accuracy in response
with respect to current smoking averages, the rate of misclassification with
a set of rather wide class intervals is still greater than 10 percent., The
validity of this conclusion does depend on the accuracy of the lighter-
counter as a standard; of cowrse, |

A similar analysis of the data for the responses to the Y questionnaire
using a different set of class intervals will appear in the final report.

Error Component Analysis

In studies concerned with estimating the aﬁerage daily cigarette smoking
of a particular segment of the pOpulétion, it is helpful to know the magnitude
of the various components entering into the total error of the 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
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Table __}g
CLASSIFICATION OF QUESTIONNAIRE RESPONSES AGAINST AVERAGE DAILY
CIGARETTE SMOKING AS MEASWED BY THE LIGHTER-COUNTER

Response Average Number of Cigarettes Smoked Daily Misclassification
Question Class Less than 10 10 t0 20 21 to JO Over LO Rate
<10 12 2 g 0
10 to 20 7 23 0] 23
X 21 to hO 0 1 36 3 5‘.’7' or 2397%
> Lo 0 0 2 3
< 10 12 g 0 0
10 to 20 7 2 7 0] 19 o
Y1 21 +o LLO 0 1 38 3 —9°.7* or 19.6/a
> Lo 0 0 1 3
<10 1% : 0] 0 0
10 to 20 25 7 0 17
T3 21 o 140 0 1 38 3 57 or 17.5%
> Lo 0 0 1 3
<10 15 2 0 0
10 to 20 L 23 9 0 19 o
In %1 to L0 0 1 36 2 57 or 19.6%
> Lo 0 0 1 i
<10 1% 1 0 0
10 to 20 23 9 0 21
Te 2 400 0 2 . 36 3 57 o 21.6%
> 4o 0 0 1 3
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' only component of error in the eventual estimate is that due to sampling., If
| the 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 for various
questionnaire measures derived from the Y questionnaire.

The analysis is based on an additive model of components for each question-
naire response. These components are (a) the true average daily Smoking of
the populgtion group, (b) the deviation of the true average daily smoking of
the individual responding from the true group average, (c) the bias in the
response of this individual, and (d) a random response error which varies over
occasions and individuals, With this particular model the variance of a re-

‘ sponse given by a randomly selected individual on a randomly selected occasion
also has four components, These components and the notation used for their
estimates in the analysis are:

(1) the variance of the true individual daily smoking averages with

estimate denoted by s%.

(2) the variance of the individual response biases with estimate

denoted by sg.

(3) twice the covariance of the individual response biases'with the

deviations of the true average daily smoking of the individuals
from the true group average with estimate denoted by ZSIB.
(4) the variance of the random response errors, assumed to be the
same for all individuals, with estimate denoted by sé.
The data collected by the lighter=counter provided the estimate s% if it is
. assumed' that each day¥s counts are made without error, These data also pro=
vided 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
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necessary estimates of the other components were obtained through a joint
analysis of the lighter-counter data and the responses to the various question-
naire measures, Since each individual in the Phase ITI 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
2+,

The results of this type of analysis for the 52 ¢ilice employees partici-
pating throughout the Phase II test are given in Table XI. Included in the
table are the observed average response to each questiohnaire measure (denoted
by ¥), the estimaﬁed net or average response bias of the individuals (denoted by
B) and the estimated variance of the questionnaire responses (denoted by s§).

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 XI,
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 as
regards the non-sampling or response error components in the various Y question-
naire measures under study., The individual biases tend to cancel out as re-
vealed by the magnitude of the net bias B, In terms of the group means, these
net biases are of the order of 2.5 percent, however, which could be critical if
greater accuracy were desired in the estimate of the mean of a particular POpU~
lation group and the results here are at all indicative., It is of interest to
note that ¥. and ¥

1 13
The underestimate by Ym was expected, The bias for YO had the happy chance

overestimate the group mean whereas Ym and Yc underestimate,

circumstance of being estimated as zero (at least to two decimel places) for the
52 office employees, Sampling errors for the estimates of B will be included
in the final report and hence a final evaluation of the net bias in the various

measures should be postponed,
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Table XI
PRELIMINARY SUMMARY OF ESTIMATED MEANS, VARIANCES,AND RESPONSE ERROR
COMPONENTS FOR SEVERAL QUESTIONNAIRE MEASURES OF AVERAGE DATLY CIGARETTE SMOKING

Test Grdup B

and No. No, of 2 5 5 5 o
Questionnaire of Test v B + 2
Measure Subjects | Days ¥ 7 Sy_ °I D | °8*%5 | “°1p
Office

Personnel
T, 52 16 {19.85 | 0.17 [121.51| 112.25 | 23,9}, | 17.18 |- 7.92
Y13 52 16 20,13 | O.L45 [126.98| 112,25 | 23,9 | 16,69 | - 1,96
T 52 16 19,10 | ~0,58 | 104.82 | 112,25 | 23,9) | 20.25 | -27.68
T, 52 16 119.68 | 0.00 |114.97]| 112,25 | 23,9) | 23.5), | ~20.81

Laboratory

Personnel,

Period I‘
T, 27 1L 26496 | 1.30 [186.42| 170,19 {29.38 | 18,62 | = 2.38
313 pre 27 1l 26.ll | 0478 [ 213,26 170,19 | 29,38 | 16,18 | 26,88
213 post 27 1L 25,56 |=0,10 |174.33 | 170,19 {29.38 | 6.00 |- 1.9
T 27 1l 2h37 =129 | 174,17 | 170.19 {29,368 | 1),.91 ~10.9)
T, 27 i 24,93 |~0473 |199,38| 170.19 | 29,38 | 13,32 115.86

A1l Groups
T 79 14-16 |22.28 | 0.55 |153.,13| 138.08 | 25,56 | 17.57 | - 2.50
YlB 79 =16 |22,29 | 0,56 {163,18] 138.08 | 25.56 | 16.16 8,94
T 79 1416 20,90 [-0.83 | 132,93 | 138.08 | 25,56 | 18.16 =23430
Y, 79 =16 121,16 {=0.57 | 149,10 138,08 | 25,56 | 19,67 | - 8.66
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The magnitude of the covariance term; ZSIB for Yﬁ seems to be sufficient
to rule out this questionnaire measure of average daily clgarette smoking, since
a preferred measure would have no assodiation between smoking level and ine
dividual response bias. A consistent picture is not revealed for the estimates
2SIB as between the laboratory group and the office personnel, It is doubtful
that the number of individuals in the t&st were sufficient for reliable estimates
of the covariance component,

The estimates sg + sg are somewhat less variable, but again leave little in
the way of choice as between 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 put negligible response errar
variances and the second had a small B but relatively large response error
variances, the latter measure would be preferred. Since the estimates sg + sé
are only of the order of 10 to 20 percent of the pure:sampling variance estimate
s, the cost with 1,

saaple of a particular population group to achieve a specified precision in the

for example, of the additional individuals necessary in a

estimate of the average daily smoking for the group would undoubtedly be negli-
gible relative to the added cost of using a more accurate measure such as the
lighter-counter., It should be noted in making this point that sg is greater
‘than sg + sgg but, on the other hand, if the desired accuracy is only slightly
greater than the net bias B of Yl, the situation as to cost would be reversed,
The results for the responses to Y13 made after Period I (i.e, YlB post)
as opposed to those made prior to Period I (i.e. Yi3 pre) for the laboratory
personnel are further evidence of the learning process referred to earlier., The
net bias H, sg + sg, and 2sIB all decreased markedly.

On the basis of the analysis to date, it seems reasonable to conclude that

the single question Yl is best among the questionnaire measures tested. Althouygh
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there is little gvidence in the date that Yl is superior to Y13 from a statise
tical standpoint, the latter is definitely inferior on the basis of the number
of questions required of the respondent., A more conclusive statistical choice
between the two measures will probably require additional testing with a cone
siderably greater number of subjécts in order that the response error components
be estimated with sufficient precision. Further conclusions await the results
of the analyses to be included in the final report. Details of the statistical
model employed in the error component analysis will also be presented in the

final report.

December ), 1956



