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ABSTRACT An investigation was conducted to examine the validity of self reported work histories
obtained from a sample of 326 capacitor manufacturing workers who had participated in an epi-
demiological study relating health abnormalities to exposure to polychlorinated biphenyls. Based
on objective personnel records obtained for 288 members of the sample group, validity scores
ranged from 20% to 100% with most falling between 70% and 75%. This validity range corre-
sponded to misclassification proportions ranging from 13% to 29%. Exposure misclassification
tended to be random for men but non-random for women (overestimation of exposure). By means
of multiple regression analysis, the diversity of the job categorical pattern was found to be a
significant independent predictor of validity. The factors sex, duration, and time lapse were also
significant validity predictors but only interactively with job diversity. There were also indications
that interviewer skill could be an important factor. Knowledge of the magnitude of these factor

effects could be critical in planning retrospective epidemiological studies.

Obtaining accurate exposure data in retrospective
epidemiological studies can be difficult, especially
when the study subjects are the sole source of the
data. Inaccurate self reported data can lead to
exposure misclassification, resulting in null biased,
undetected, or spurious associations. The dependence
of many epidemiological studies on self reported data
initially led researchers to test the validity of single
discrete exposures,! ~3 chronic disease reports,*~’
and self administered questionnaires.®~!° Sub-
sequent research included similar type data sets but
used analytical techniques to investigate causes of
inaccurate reporting.!! ~ !5 Validity testing and anal-
ysis of work histories used to quantify harmful
occupational exposures should have soon followed
but was not seriously considered until recently when
Baumgarten ez al assessed self reported work history
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accuracy and factors that influenced it in the context
of a case-control study of occupation and cancer.'®
To advance knowledge further in this area, we com-
pared corresponding self reported and company com-
piled job records, showing how self reporting errors
can lead to exposure misclassification of study sub-
jects and how multiple regression can be used to anal-
yse and quantify the effects of various factors on work
history validity. Unlike the studies cited above, which
with one exception® expressed validity as a group
function, we have measured and analysed validity on
an individual basis.

Materials and methods

SOURCESOF DATA

This study arose from a 1976 survey by Fischbein
etal,'” the aim of which was to determine if workers
at a US capacitor manufacturing plant, exposed to
polychlorinated biphenyls (PCBs), developed clinical
abnormalities associated with PCBs.!® Work histor-
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ies (self reported, interviewer assisted, dated chro-
nological listings of recalled jobs) were obtained for
326 individuals who were employed between June
1947 and March 1976 when PCBs were part of the
production process. Job initiation and termination
dates in these histories were usually specific to the
month but were designated by us as “random month
(1-12)/year” if only a year appeared. Forty job cate-
gories were distinguished, with 20 of these comprising
a main operation subgroup. These categories did not
represent specific job skills but rather physically sepa-
rated areas where individual steps of the production
process occurred. Often unreported, but designated
by us as a job category, were non-working (illness,
layoff, strike, etc) intervals. The work history data,
combined with average PCB air level measurements,
yielded two cumulative PCB exposure figures: one
specific for June 1947 to December 1970 (early PCB
period) when PCB mixtures with high chlorine con-
tent were used and another for January 1971 to
March 1976 (late PCB period) when lower chlo-
rinated mixtures were substituted.!® Such a dis-
tinction was necessary since reports have indicated
that degree of chlorination is positively correlated
with PCB toxicity.!® The presence of abnormalities
was ascertained through physical examination,
recording of medical history, and blood testing. The
finding of any significant associations between PCB
exposure and abnormalities awaits further follow up.

Our acquisition of microfilmed personnel records
compiled by the capacitor production company (a
presumed “truth criterion” against which the self
reported work histories could be compared) made the
proposed validity analysis possible. Corresponding
personnel records were available for 288 of the work
histories. The personnel records were more compre-
hensive than the work histories, not only listing the
chronology of assigned jobs but time lost to illness,
layofTs, strikes, suspensions, military service, or preg-
nancy. Dates of job initiation and termination were
day specific, permitting precise tenure determinations.
All jobs were listed in code with titles being ascer-
tained from a company master list. This list was trans-
lated into the categorical system used by Fischbein et
al,!” facilitating the calculation of company specific
early and late period PCB exposure figures and our
validity determination. Demographic information
provided included date of birth, sex, height, weight,
race, and educational level. All the data were
recorded at the time of occurrence, uninfluenced by
recall or interviewer bias, and thus represented a rela-
tively objective base of validity. The likelihood of sys-
tematic biases related to PCB exposure in these
records was negligible since they were compiled for
bookkeeping purposes. Any bookkeeping errors that
might have occurred, however, could not be checked.

VALIDITY, MISCLASSIFICATION, AND JOB
DIVERSITY INDEX

For each subject, the employment tenure (hire date to
March 1976) was broken down into one month
intervals. A particular interval—for example,
August-September1959—was designated as valid
when the self reported and company listed job catego-
ries matched within this period. The number of valid
intervals divided by the employment tenure (in
months)—that is, the per cent agreement between a
work history and personnel record—was defined as
the validity score. Full tenure validity scores were
obtained for the entire sample. For subjects with 23 or
more years of tenure, subperiod scores were also cal-
culated: for 1950/9, 1960/9, and 1970/6. The validity
score-was sensitive to omission, insertion, overreport
and underreport, and chronological (frame shift)
errors. It was necessary to take the latter into account
because of changes over time in plant exposure condi-
tions. Changing conditions imply that job specific
exposure levels are functions of time and thus the
same job category at different calendar periods may
represent a different exposure. Any portion of these
scores accounted for by chance agreement would
have been minimal because of the large number of
possible job categories so that a correction for this
effect was deemed unnecessary.

The proportion of study subjects misclassified
within the early and late calendar periods was
obtained by comparing, within each period, corre-
sponding self reported and company derived cumu-
lative exposure categories. Four categories of
exposure were possible for early and late calendar
periods, derived from quartiles of the respective dis-
tributions of company derived cumulative exposure
figures. Misclassification was defined as the place-
ment of a subject by a self reported history in an
exposure category other than that determined by the
company. Directionality of misclassification was
noted as either upward or downward relative to the
personnel record category.

It was understood when planning this study that
frequent job changes, which produce complex work
patterns, would limit accuracy. Nevertheless, it was
desirable before considering this effect to create a
weighted job change index that gave lesser
importance to brief job tenures (which only mar-
ginally influenced complexity and cumulative
exposure) and standardised job change frequency for
subjects with varying employment tenures. These
requirements were met by the Shannon-Wiener
index2® which was designed to measure diversity
(complexity) in ecological communities. In the
present epidemiological application it was designated
job diversity index, measuring the complexity of a
subject’s personnel record work pattern. Com-
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putation was as follows:
k
Job diversity index = — Y, (n;/N)In(n;/N) x 100

i=1

where N = employment tenure (from hire date to

March 1976) in months

n; = tenure within job category i in months

k = total number of job categories.
In calculating job diversity, each category change
denoted a new job tenure whether or not that particu-
lar category appeared earlier in the work pattern. The
minimum possible value is zero; for a single job cate-
gory spanning an entire employment tenure. The
highest values would occur in cases of given employ-
ment, tenures being divided into increasingly numer-
ous job categories.

ANALYSIS

SAS was used for all parametric statistical analyses in
this study.?' Potential predictors of validity and
crude validity scores were first descriptively exam-
ined. Then multiple linear regression, through simul-
taneous adjustment, allowed all (measurable) factor
effects (including possible interactions) on validity to
be assessed in an unconfounded manner. To max-
imise predictive ability, factors measured on a con-
tinuous scale were maintained in that format. Factors
that could not be assessed through regression (inter-
viewer skill, recall ability, cooperativity, and stress)
were examined qualitatively. Non-randomness of cat-
egorical misclassification was assessed non-
parametrically with the sign test.

Results

EXAMINATION OF POTENTIAL VALIDITY
PREDICTING FACTORS

Descriptive statistics for the factors age (at interview),
(active) duration, and job diversity are shown in the
table. These were potential validity predictors that
varied considerably in the study group. Race and edu-
cational level also had validity predicting potential
but were excluded for not meeting the variability cri-
terion. Each factor was segregated by sex, another
potential validity predictor.
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The age distributions for men and women were
normal. The ranges were identical but the respective
means, 41-7 and 47-3 years, differed significantly (Stu-
dent’s rtest, p < 0-0001). (Active) duration, or actual
time spent working at the production plant (excluding
time lost to illness, layoffs, or strikes, for example)
was normally distributed and ranged from 21 to 352
months. The difference between the male and female
means, 171 and 179 respectively, was not significant.
Job diversity was also normally distributed and
ranged from 14 to 326. This corresponded to a range
of two to 45 job changes per individual. The mean
female diversity, 214, was significantly higher than
that for men, 170 (Student’s f test, p < 0-0001), indi-
cating that women had considerably more complex
work patterns. The mean number of job changes was
17 for women and 11 for men.

VALIDITY PROFILE OF THESTUDY GROUP

The distributions of the male and female validity
scores are shown in fig 1. The ranges of scores illus-
trate the deviations of the self reported work histories
from the actual work patterns. Male validity scores
ranged from 20% to 99% (mean = 76-6) whereas
those for women fell between 15% and 100% (mean
= 74-3). Note the skewness of the distributions with
the majorities of scores located between 75% and
100%.

EVIDENCE OF MISCLASSIFICATION

Figure 2 (left half) illustrates the degree to which
study subjects were correctly classified as to cumu-
lative PCB exposure. In each (sex and exposure
period specific) 4 x 4 cross classification subtable
consistency of the work history and personnel record
categories (I = lowest exposure quartile) may be
observed. The shaded diagonals represent correct
classification, whereas the regions above and below
indicate upward and downward misclassification,
respectively. For the early period exposure 12:6% of
the women and 21-5% of the men were misclassified.
The respective figures for the late period were 18:6%
and 13-3%. There was no consistent sex difference as
a greater proportion of men was misclassified for
early period exposure whereas the opposite was true

Selected demographic (Std dev) and occupational factors for members of the study group

Factor Sex No Mean Std dev Range
Age at interview (years) M 145 41-7* 12-3 22-65
F 143 47-3 10-3 22-65
Active duration (months) M 145 170-5 92-1 21-347
F 143 179-1 849 25-352
Job diversity index M 145 170-4* 512 26-288
F 143 214-4 57-4 14-326

*Male female difference is significant (Student’s # test, p < 0-0001).
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for the late period. When misclassified, however,
women tended to shift to a higher exposure category.
This tendency was significant for both the early and
late periods (sign test: p = 0-004 and 0-003,
respectively). In contrast, male misclassification was
random. Comparing early and late period
misclassification proportions was unwarranted since
late period quartiles were considerably broader than
those for the early period.

On the right half of fig2 results are listed for a
repeat survey done by Fischbein in 1979 involving a
subset of the original group and covering the same
exposure period, 1947-76. With 45 additional months
of recall, consistently higher misclassification propor-
tions were evident. From a range of 12-6% to 21-5%
in 1976 the range was from 16-5% to 29-1% in 1979.
Within this reassessed subgroup the tendency for
greater misclassification in 1979 was significant
(McNemar’s test: p = 0-005).

FACTORS INFLUENCING VALIDITY

In a regression analysis using the entire sample (n =
288) the effects on overall (full tenure) validity of age,
duration, job diversity, and sex were evaluated with
maximum power. The assessment of time lapse—that
is, the validity variation over early (1950-9), middle
(1960-9), and late (1970-6) subperiods—required a

©)

Crude validity score ()

Fig |  Frequency distribution of unadjusted validity scores
for (a) men and (b) women.

sample with sufficient tenure (at least 23 years) to cap-
ture enough early phase years and thus restricted
analysis to 127 eligible subjects. Job diversity, age,
and sex were included in the time lapse analysis but
not duration, since this latter factor was, by
definition, homogeneous in this sample. Linear mod-
els including main effects and appropriate second and
third degree interactions were fitted to the data after
the transformation: validity* = sin~! (validity/100)%,
which is appropriate for normalising variables
recorded as percentages.2? The inclusion of any other
higher order terms was not appropriate. Backward
elimination guided by F tests comparing full and
reduced models yielded optimal validity predicting
models.

The full sample analysis showed job diversity to be
the only significant independent predictor of validity.
Sex and duration were also significant, but only inter-
actively with diversity—that is, statistically
influencing validity only when diversity exceeded zero
and in practical terms only above a critical diversity
value. As fig 3 shows, validity (reconverted to per cent
from radians) declined with increasing job diversity.
At zero diversity (a single job spanning an entire
employment tenure) predicted validity was logically
100%. This validity level persisted until a diversity of
40, above which it descended toward lower ranges,
but at a slower rate for women. The rate of validity
decline attributable to diversity (slope of female
regression line) was 2-8 + 0-4 (x 10~ 3)} rad/div unit.
(Male) sex added 0-4 + 0-2rad/div unit to this decline
rate yielding a male regression line slope of 3-2 rad/div
unit. At highest job diversity levels in this study
group, predicted female and male validity scores were
as low as 50% and 60%, respectively. A female
advantage (equal or better scores at any given div-
ersity) was not apparent from the mean validity
scores in the “validity profile” section, which were
unadjusted for confounding due to the male-female
job diversity difference. Regression analysis removed
the effect of this confounder and brought out the
underlying male-female validity difference.

The effect of duration was to weaken, interactively,
the validity reducing effect of diversity. Each addi-
tional month of duration attenuated the decline rate
by 0-003 + 0-001rad/div unit. Figure 3, for clarity,
only shows curves for 170 months, the mean study
group duration level, but to visualise the duration
effect, longer tenures would have yielded curves with
slower rates of descent and vice versa. Age was elimi-
nated as a validity predicting factor since it was so
highly collinear with duration. This was of no major

*Transformed (to radians: 1-57rad = 100%).

++ Following regression coefficient is 95% confidence interval. All
coefficients are multiplied by 10~ 3 radians/diversity unit.
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Fig 3 Regression lines describing relation between adjusted
validity and factors of job diversity, sex, and duration ( full
sample).

concern, though, since some validity studies*® have
shown age to be a poor predictor of recall ability in
normal working age individuals.

The R? value, or fraction of variability explained
by the chosen model, was 0-39. If the effects of recall
ability, inicrviewer skill, cooperativity, and stress
could have been quantified, however, the amount of
explainable variability would have been greater.

In the time lapse analysis job diversity, again, was
the only significant independent predictor of validity.
As fig 4 shows, validity scores generally declined with
increasing job diversity. Nevertheless, time lapse was
borne out by this regression to be a significant inter-
active determinant of the rate at which this decline
occurred. Despite the significance of this effect, it was
conditional, affecting validity only above a critical
diversity value. Logically, time lapse would not be
expected to hinder the self report accuracy of a
worker who remained in a single job category for an
entire employment tenure. Predicted validity at zero
diversity was 100% and remained so until a diversity
of 40, when time lapse became operative. The decline
rate for 1970-6 subperiod (slope of 1970s regression
line) was 19 + 0-Srad/div unit, which was barely
perceptible in fig 4, with validity remaining above
90% over almost the entire diversity range. This rate
applied to both men and women as the effect of sex
was not statistically significant in this subperiod.

In the 1960-9 subperiod the decline rate not only
became evident but was also significantly modified by
sex. Decline intensification attributable to this sub-
period was 0-6 + 0-3 rad/div unit, whereas that due to
(male) sex was 0-7 + 0-4rad/div unit, leading to
female and male decline rates (1960s regression line
slopes) of 2-5 and 3-2 rad/div unit, respectively. At the
highest study group diversity levels, predicted validity

in this subperiod dropped to about 70% for women
and 50% for men. The 1950-9 subperiod introduced
a decline rate effect of 1-7 + 0-3rad/div unit. The
contribution of sex was again 0-7 + 0-4 rad/div unit
because the magnitude of this latter effect did not
differ significantly between the 1950-9 and 1960-9
subperiods. The female regression line slope (validity
decline rate) was 3-6 rad/div unit, a near doubling of
the 1970s rate. The combination of maximal time
lapse and (male) sex produced the ultimate decline
rate of 4-3rad/div unit. Predicted validity scores at
maximal diversity were in the 20-40% range.

These results indicate equal or better female valid-
ity at equivalent diversity and subperiod. It was also
apparent that the time lapse effect was dominant over
that of sex in that at least six years of the former was
required to produce any male-female difference. The
R?Z for this regression was 0-43, higher than in the full
sample analysis.

INTERVIEWER EFFECTS

There were suggestions through further regression
analysis that interviewer skill affected validity scores
of study subjects. Negative interviewer effects on
validity might have been due to careless date record-
ing, inaccurate coding, and the fact that non-working
tenures were rarely picked up unless they exceeded six
months. A four month strike (October 1968 to Febru-
ary 1969), for example, appeared on only one of 288
work histories. Unfortunately, though, significant
differences between interviewers could not be
confirmed owing to small sample sizes per inter-
viewer.

THEORETICAL EXPECTATIONS
In fig 5 the aim is to show qualitatively how validity
score distributions and misclassification proportions
in any occupational setting may be predicted from
knowledge of various factor levels. Understanding

100+ Men, women (1970s)
_. 801 Women (1960s)
< Men (1960s)
* 601
2
h]
S 401 Women (1950s)

Men (1950s)
204
0 v )

0 o 200 20
Job diversity index
Fig4 Regression lines describing relation between adjusted
validity and factors of job diversity, time lapse, and sex ( time
lapse analysis subgroup).
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Fig 5 Theoretical validity distributions for selected job

diversity ranges (1: 0-79, 2: 80-159; 3: 160-239, 4: 240-319,

3:320-399, 6: 400479, 7: >479).

the major controlling role of job diversity, potential
validity score distributions were linked to a
progression of diversity ranges. Distribution 1 was
tied to the diversity range 0-79, 2 to the range 80-159,
and so on. The linkage of a specific distribution to a
particular diversity range is not rigid and may be
influenced by the interactive effects of time lapse,
duration, sex, cooperativity, stress, or interviewer
skill. A normal distribution of recall abilities is
assumed in overcoming work pattern complexity.
Occupational groups with simple work patterns
would produce distributions similar to 1-3 whose
skewed appearance, despite an assumed normal dis-
tribution of recall abilities, would be due to the con-
traint of 100% validity. Neither good recall ability
nor favourable factor status would be critical for
accuracy and misclassification proportions would be
minimal. Higher diversity would yield a distribution
similar to 4 which is no longer constrained by the
100% validity level, yielding a normal appearing dis-
tribution of validity scores. Interactive factor
influences and the potential for misclassification
would be greater. Still higher diversity ranges would
produce distributions similar to 5-7, where subjects,
regardless of recall ability, would be at an accuracy
disadvantage. Interactive factor effects would also
assume greatest importance. Constraint imposed by
the minimum validity barrier accounts for the skewed
appearance of distributions 5-7. Misclassifications
under these circumstances might be overwhelming,
making effective studies difficult if not impossible.
Note that the minumum score level is depicted as
greater than zero, because it is unlikely that high
diversity alone could produce zero validity. If it did
occur it would take unusually poor interviewng

Rosenberg, Mulvihill, Fischbein, Blum

technique, stress, or low cooperativity to produce it.
The range of job diversity in this study group, 14-326,
would probably encompass diversity ranges 1-4
(see fig1).

Discussion

In epidemiological studies, whenever possible, objec-
tive sources of exposure information should be used.
Increasingly, employers and unions, with the cooper-
ation of government and medical personnel, are mak-
ing this possible by compiling daily work records in
industries where harmful exposures may occur. Even
so, there will continue to be cases where objective
sources will not be available or, if obtainable,
unsatisfactory, owing to incompleteness, lack of
specificity, or subjective recording. The only alterna-
tive, then, would be to use self reported information
to assess exposure.

In this study group there were indications that
while self reporting was certainly not a haphazard
procedure, it may have fallen short of what was neces-
sary to ensure dependable relative risk estimates.
Mean non-validity (100% minus mean validity) of
just 25% led to exposure misclassification propor-
tions well above levels known to cause substantially
null biased risk estimates. Breslow and Day showed
how a misclassification proportion as low as 10%
could reduce a relative risk estimate by more than
50% from the actual value.2® Also, the significant
upward exposure misclassification of women found
here could have led to spurious associations between
abnormalities and PCB exposure if the abnormalities
influenced the upward shift. Why only women tended
to overestimate time spent in high exposure categories
is unclear. Findings from the 1979 repeat survey
pointed out a further problem in conducting self
reporting studies in that any delay in collecting
exposure data could further contribute to
misclassification.

An understanding of why the validity level in this
study group may have been insufficient to prevent
serious misclassifications may be important for future
self reporting studies in terms of their feasibility,
scope and limitations, and freedom from preventable
inaccuracies. The regression analyses, in elucidating
the roles and interrelationships of various factors in
predicting validity, attempted to provide such an
understanding.

With respect to study feasibility, knowledge of job
diversity beforehand may be advantageous. If div-
ersity is low (< 80), recall will be easy (uninfluenced
by interactive factors), misclassification will be min-
imal, and feasibility will not be an issue. Increasingly
higher diversity would make recall progressively more
difficult (and more prone to complication by second-
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ary factors), leading to greater misclassification or
possibly calling feasibility into question. In this study
group 40 different job possibilities resulted in a mean
job diversity of 192 and misclassification proportions
ranging up to 29%. This implied that in industries
with a large number of job types it may be difficult to
obtain valid self reported information about
occupational exposures.

Time lapse may also have important implications
for study feasibility in that: (1) studies investigating
diseases with long latent periods would depend on
exposures dating back 20 or more years requiring
focus on less valid early phases of work histories and
(2) more serious exposures tended to occur in earlier
years due to lack of knowledge about effects and
fewer regulatory protections, also requiring concen-
tration on early phases of work histories. The latter
was certainly a factor in this study group as most
exposures to higher levels of more toxic PCBs
occurred during the 1950-9 subperiod. (If the survey
by Fischbein et al'” had dealt only with exposure dur-
ing this subperiod, misclassification proportions
would have been much higher than the full tenure
figures reported here.)

If a study is to be done scope and limitations should
be considered. For example, high diversity may exist
in a potential study group but be confined to only a
few subjects or one subgroup. In this event it might be
wise to eliminate such individuals, but weighing this
against the loss of power. In this study group elimi-
nation of subjects with diversities exceeding 250 could
have possibly reduced the misclassification propor-
tions to acceptable levels. The time lapse factor would
also come into play in that studies examining longer
periods of exposure history would present more
difficulties than ones covering shorter periods. In the
case of a long exposure history analysis may have to
be restricted to more recent exposures.

Interviewer error, stress, low cooperativity, and
poor recall, although unmeasurable by regression,
were  probably  partially responsible  for
misclassifications in this study group. The critical
point is that these factors are to some degree under
the control of the investigator and thus inaccuracies
due to them are preventable. To minimise or elimi-
nated their effects: (1) trained interviewers should be
employed, and in optimum numbers to maximise
information gathering (help subjects compensate for
high diversity) while minimising bias, (2) subjects
should be asked to prepare in advance for the report-
ing session, and (3) the interviewing environment
should also encourage optimal reporting by assuring
low stress and high cooperativity.

Of less practical importance (at least at this stage)
but still of academic interest were the significant inter-
active effects of duration and sex. The positive cor-

relation of duration with validity may have been due
to the fact that it distinguished between workers with
long and short tenures who differed in terms of recall
ability, stress level, or cooperativity. Perhaps workers
with long tenures had higher validity due to greater
identification and familiarity with plant operations.
The significant female validity advantage was in
agreement with other studies of validity that have
found women to report more accurately than men.
An explanation, as in the case of duration, could male
female differences in one or more of the unmeasurable
factors. It would be interesting to see if this sex effect
is typical of self reporting.

In conclusion, we have found that validity of self
reported work histories may be quantified in a useful
way by job diversity and have found various deter-
minants of validity. Further research is recommended
on other occupational groups with various diversity
ranges, factor levels, exposures (especially neurotoxic
considering memory effects), and population types.
The methodology used in this study might also be
extended to evaluate validity in other situations where
self reported data are required.
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