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Abstract: The California Automated Mortality Linkage System
(CAMLIS), established in 1981 to facilitate the conduct of follow-up
studies in the State of California, employs a combination of deter-
ministic and probabilistic linkage decision criteria to perform the
death clearance function. The system was evaluated against four
traditional death clearance procedures and the performance of each
procedure measured in terms of measures of sensitivity and specific-
ity.

Only one procedure was associated with a specificity lower
than 0.99; for that one, the specificity was 0.93. There was much
greater fluctuation in the observed sensitivity levels. In one of the
procedures, CAMLIS demonstrated a sensitivity of 0.97 versus 0.79
for the Social Security Administration. A comparison against the

Introduction

Many scientific investigations require periodic informa-
tion on the vital status of members of a study population.
Mortality files generated from the death certification process
are commonly used to make the necessary ascertainment.
The traditional search procedure has been to manually
compare lists of names of members of a study population
against death indices provided by registrars of vital statis-
tics. For many obvious reasons, this approach may be
inappropriate on the grounds of economy, efficiency, and,
most importantly, accuracy.

Several reports have appeared recently which describe
implementations of computerized techniques of vital status
ascertainment.'-6 Scientists in Canada have devel-
oped a generalized linkage system based on the concepts of
probability and the use of "weighted" record-comparisons.3
Another innovative approach, which also uses probabilistic
linkage criteria, has been proposed by Mi, et al.4 The United
States National Death Index (NDI), which was established
to assist in the conduct of follow-up studies for the entire
country, has adopted a deterministic approach to the prob-
lem of identifying matched records.5'6

The California Automated Mortality Linkage System
(CAMLIS) has been developed to assist researchers in the
conduct of epidemiologic studies in the State of California.
The system uses a combination of probabilistic and deter-
ministic decision criteria to establish the necessary associa-
tions between study populations file records and state mor-
tality file records.
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National Death Index (NDI) produced sensitivities of 0.89 for
CAMLIS and 0.94 for the NDI. An assessment of manual search
procedures using a file of Japanese names produced a CAMLIS
sensitivity measure of 0.92 compared with 0.93 for the manual
search. Another manual search procedure using microfiche copies
of the state death index produced a CAMLIS sensitivity of 0.97; in
this evaluation, the sensitivity of the manual search was defined as
1.0.

Another measure of performance of a death clearance proce-
dure is its predictive value in identifying a person who has died;
CAMLIS generated predictive values in these evaluations that
ranged from 0.93 through 0.99, contrasted with the NDI value of
0.59. (Am J Public Health 1984; 74:1324-1330.)

Development of Linkage Decision Criteria

Computerized approaches to the record linkage problem
generally take one of two forms-deterministic or probabilis-
tic. A deterministic approach requires the formulation of a
"6match key"* to establish the relationship between the files
to be matched. The availability of the social security number
has led to its widespread use for deterministic linkage
purposes. There are several inherent pitfalls to its use,
however: it is not always available either on death certifi-
cates or study file records,** there are no safeguards to
prevent its use by persons other than the individual to whom
it was originally assigned (it is not uncommon to find the
husband's social security number recorded on the wife's
death certificate or on study file records), and there is no
provision for ensuring its correct reporting.

Probabilistic linkage procedures are characterized by a
much higher degree of complexity than deterministic linkage
procedures with respect to both the decision criteria and the
software required to implement them. This complexity trans-
lates into a significantly higher operating cost. Probabilistic
linkage moreover is a "bootstrap" procedure which requires
estimates of parameters which can properly only be derived
from the set of matched records. Heretofore these consider-
ations have severely limited the applications of probabilistic
record linkage in this country. Probabilistic linkage proce-
dures, however, have many desirable features: they are able
to correctly link records despite discrepancies which may
exist between identifying variables, techniques are available
which permit the assignment of weights on the basis of
partial agreements, and they can discriminate between rare
and common events. Our analysis of the situation led to the
conclusion that probabilistic record linkage procedures were
a necessary component of a comprehensive record linkage
system.

*The match key may consist of any conceivable combination of last
name, first name, sex, social security number, birth date (or portions thereof),
or any other set of items available on the file.

**In California, the proportion of death certificates with social security
numbers has steadily increased from 57 per cent for 1962 to 94 per cent for
1982. However, only one-third of the user files submitted to CAMLIS to date
have contained any information whatsoever on the social security number.

AJPH December 1984, Vol. 74, No. 121 324



CALIFORNIA MORTALITY LINKAGE SYSTEM

Fellegi and Sunter7 have proposed a theory which
provides a conceptually sound probabilistic approach to the
problem of record linkage. Their approach requires data on:
1) relative frequencies of variables used for record linkage
purposes in mortality files; 2) relative frequencies of varia-
bles used for record linkage purposes in mortality files; 3)
relative frequencies of variables used for record linkage
purposes among correctly matched records; and 4) various
estimates of the probability that variables used for record
linkage purposes are incorrectly recorded (recording error
probabilities). The first two categories of information can be
obtained by direct enumeration from the user file and the
mortality file. However, the last two categories involve
information which can only be obtained from the set of
correctly matched user and mortality file records. If that
information were available, however, there would be no
need to carry out the record linkage.

This dilemma was resolved by recognizing the comple-
mentary nature of deterministic and probabilistic linkage
procedures. Deterministic procedures are capable of identi-
fying matching records which might escape detection by
probability linkage. Conversely, probability linkage is able
to identify instances in which the match key variable is either
incomplete or incorrectly recorded. Further, by carrying out
deterministic linkage first, it is possible to extract estimates
of recording error probabilities for most identifying variables
from the "Matched Set" defined by deterministic linkage.
Deterninistic Linkage

The social security number was an obvious choice for
one of the match keys. However, since not all user files
could be expected to contain a social security number, it was
necessary to generate an alternative match key from the
remaining variables. Since a phonetic coding of the last name
was to form comparison groups for probability linkage, the
last name was excluded from consideration. The middle
name also was excluded because it was not consistently
recorded. The second or alternative match key was therefore
formed by combining the complete birth date, the first two
digits of the first name phonetic code, and the sex code. The
deterministic linkage criteria are described in further detail
in the Appendix.
Probability Linkage

The CAMLIS implementation of the Fellegi-Sunter
model7 required an extensive application of the probability
calculus; a general summary of the probabilistic linkage
decision algorithms that were employed is presented in the
Appendix.

The variables used to define the range of the search had
to be present on all records and relatively permanent. Only
two of the generally available variables-last name and
sex-met these requirements. For variations in last name
spelling, a modified version of the New York State Intelli-
gence and Identification System (NYSIIS)8 was adopted. In
order to identify presumed errors in the coding of sex, a first
name/sex code edit was developed. Record comparisons
were therefore restricted to comparison groups which shared
the same last name phonetic code and sex code.

Major Elements of CAMLIS
There are five steps in conducting a CAMLIS linkage:
1. Standardization-In the course of standardization,

user files are transformed into a single standardized
format.

2. Deterministic Linkage-If user file records contain a
social security number, a social security number
match is performed at this point. The alternative
match key is used deterministically to match the two
files if the user record does not contain a social
security number.

3. Weight Computation-Weight tables are generated
for each variable used by probability linkage.
Weights used for interfile probability linkage are
functions of mortality file relative frequencies and
estimates of recording error probabilities. Each table
entry has two parts: 1) a configuration part, such as
"Smith", for the last name table; and 2) a weight part
consisting of a real number which reflects the weight
assigned to the associated configuration.

4. Probability Linkage-In the course of probability
linkage, all possible pairwise comparisons are carried
out between records in corresponding comparison
groups of the user and mortality files. A probability
linkage weight, computed for each pairwise record
comparison, is used to classify each comparison as a
high likelihood nonlinkage, low likelihood linkage, or
high likelihood linkage; information is retained on all
low likelihood and high likelihood comparisons. For
high likelihood linkages, the mortality record that
achieves the highest probability linkage weight in
comparisons against a specific user record is classi-
fied as the definitive match.

5. Cross-reference File Generation-The final process-
ing step is the comparison of the results of determin-
istic and probability linkage and the production of a
cross-reference file which describes the relationship
CAMLIS was able to establish between the user file
and the California state mortality file. The cross-
reference file output is ranked in decreasing order of
certainty of match as measured by the number of
matching procedures that produced the match and
the probability linkage weight, to facilitate the detec-
tion of false positive linkages. No attempt is made to
differentiate among high likelihood linkages pro-
duced only by deterministic linkage.

CAMLIS procedures permit a distinction between high
likelihood and low likelihood linkages. Record-pairs that
have been linked by probability linkage are classified on the
basis of an upper threshold value; CAMLIS deterministic
linkage procedures make the distinction on the basis of the
degree of concordance among the identifiers that are not
incorporated into the match key. All references in this paper
to the CAMLIS decisions are made in terms of the high
likelihood linkages.

Evaluations of CAMLIS Methodology
The CAMLIS system was evaluated against four other

mortality search procedures: 1) use of the Master Beneficia-
ry Record (MBR) of the Social Security Administration
(SSA); 2) manual search of microfiche copies of the Califor-
nia Death Index; 3) the NDI; and 4) manual search of a
printed death certificate listing. In each evaluation, an
attempt was made to estimate the comparative sensitivity
and specificity of CAMLIS against the other mortality
search procedures.*** The most accurate method of ascer-

***Sensitivity is the proportion of true positives, subjects truly dead, who
are correctly identified by the search as deceased. Specificity is the proportion
of true negatives, persons truly alive, who are correctly identified as alive by
the search.
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taining the vital status of a member of a study population,
which is to establish direct contact with the subject or
members of the immediate family, is not always feasible.
Exclusive reliance on the comparison of information record-
ed on study file records and death certificates can be
expected to result in the misclassification of some study
subjects, especially when the available information is incom-
plete. Thus, precise measures of sensitivity and specificity
cannot be applied to the results of a death search, since the
truth is rarely known.

Hanford Study
The Hanford Environmental Health Foundation

(HEHF), has ascertained deaths among 56,081 employees of
the nuclear energy industry for the period 1966-80; death
clearance searches of the MBR by the SSA have been one of
the primary mechanisms employed by HEHF to accomplish
this purpose. All deaths identified by the SSA are routinely
verified by HEHF personnel by comparing other items such
as addresses and names of close relatives of the employees.

The 56,081 records were cleared against State of Cali-
fornia mortality files for the period 1966-80 and for the SSA
through 1981. Since the deaths already known to HEHF had
previously been verified for their membership in the study
cohort, only deaths newly identified by CAMLIS were
verified for purposes of this study. Verification is accom-
plished by comparing supplementary information on the
death certificate with that on the employee file.

To estimate sensitivity, the true number of deaths in
California were assumed to equal the number of verified
deaths. The sensitivity of CAMLIS was 0.97 and that of the
SSA search 0.79 (Table 1). Fifteen verified deaths were
missed by CAMLIS. The reasons for these false negatives
are given in Table 2. Assuming that all workers not known to
have died in California are alive, the specificity of the
CAMLIS search was 1.0.

Forty-four of the deaths identified by CAMLIS could
not be verified. Had these deaths been accepted without
verification, 7 per cent of the CAMLIS deaths would have
been false positives. These false positives and their linkage
weights are displayed in Table 3, along with the true posi-
tives, in the same range of linkage weights, for comparison.

These results indicate that false positives can be almost
entirely eliminated by concentrating the review process on
the high likelihood linkages which achieve the lowest proba-
bility linkage weights.

Kaiser-Permanente Test
Independently of the CAMLIS project, investigators at

the Department of Medical Methods Research of the Kaiser-
Permanente Medical Care Program have developed a proce-
dure for ascertaining the vital status of subjects in the cohort
studies they are conducting. Study subjects who are known
to be active members of the Kaiser-Permanente Health Plan
are considered to be alive. For study subjects who had
discontinued their Health Plan membership, a manual search
of microfiche copies of the California Death Index is per-
formed to determine whether a person with a same or similar
name and the same or a similar birth date died after the date
of last known contact. Additional information on potentially
matching death certificates is used to verify that the death
was correctly ascertained.

For this evaluation, a CAMLIS search of a file that
comprised 999 subjects known to have died during the period
1972-80 based on the manual search and 1,000 subjects who
had a health check-up at a Kaiser-Permanente facility in 1981
was carried out. The sensitivity of CAMLIS was 0.97 and
the specificity 0.93 (Table 1).

Thirty-nine per cent of the false negatives were the
result of discrepancies between the dates of death recorded
on the Kaiser-Permanente test file and the California mortal-
ity file (Table 2). An additional 30 per cent of the deaths were
not identified by CAMLIS because of a deficiency in the
system's operation which was subsequently corrected. Sev-
eral of the false negatives could not be accounted for. In the
absence of these errors, the sensitivity would have been
0.99.

Sixty-six records in the Kaiser Test (Table 1) were
incorrectly identified by CAMLIS as linkages to mortality
records. Eighty per cent of these false positives were pro-
duced solely by deterministic linkage. Since the test file did
not include the social security number or birth day, a
variation of the alternative match key was generated for the
purposes of this study which omitted the birth day and
included two additional digits of the first name phonetic
code. Because of the disproportionate number of false
positives which it introduced, and since it was able to
produce only one valid match that was not also identified by
probability linkage, the use of this variation of the alternative
match key was subsequently discontinued. All of the false
positive records produced by probability linkage had proba-
bility linkage weights in the 3.0-3.9 range. Among the true
positive records, only 0.7 per cent had weights in this range.

TABLE 1-Distribution of Members of Each of the Study Populations by True Vital Status, Observed Vital
Status, Study and Death Clearance Method

Study by Death Clearance Method

Hanford Study Kaiser Test Kaiser Study Japanese Study
True Vital Status by

Observed Vital Status* CAMLIS SSA CAMLIS CAMLIS NDI CAMLIS Manual

Verified Deaths 584 584 999 83 84 222 222
Classified as Dead (TP) 569 461 966 74 79 205 210
Classified as Alive (FN) 15 123 33 9 5 17 12

Known to be Alive 55,497 1,000 4,613 4,612 3,587 3,587
Classified as Dead (FP) 44 66 3 54 3 0
Classified as Alive (TN) 55,453 934 4,610 4,558 3,584 3,587

'TP-True Positive; FN-False Negative; FP-False Positive; TN-True Negative.
**Data not obtained for SSA validation.
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TABLE 2-Distribution of CAMLIS False Negatives by Type of Misclassification and Study

Number of False Negatives by Study

Hanford Kaiser Kaiser Japanese
Type of Misclassification Study Test Study Study All

I. Search Strategy Deficiency
a. Invalid Date of Last Contact or

Death on User File 2 13 0 0 15
b. Sex Code Discrepancy 1 1 0 0 2
c. Last Name Change and Different

or No Match Keys 5 2 1 0 8
II. Match Strategy Deficiency

a. Classified as a Low Likelihood
Linkage 2 0 4 12* 18

b. Not Classified as a Low Likelihood
Linkage 0 0 0 1 1

Ill. System Operation Deficiency
a. Improper Parameter Specification 2 0 4 0 6
b. System Design Error 0 5 0 0 5
c. Program Bug 0 10 0 2 12

IV. Information Deficiency 3 2 0 2 7
Total 15 33 9 17 74

*The classification as low likelihood linkages was a consequence of improper parameter specification.

Kaiser-Permanente Study
This evaluation was made possible by submitting a file

of information on 4,696 subjects in a study of potentially less
hazardous cigarettes being conducted by investigators in the
Kaiser-Permanente Medical Care Program simultaneously to
CAMLIS and NDI, with a request for clearance against 1979
and 1980 mortality files (this is referred to as the Kaiser
Study in the tables). Death certificates for deaths identified
by either procedure were obtained and verified using other
information. The sensitivity ofCAMLIS was 0.89 and that of
the NDI search 0.94 (Table 1).

Nine deaths were missed by CAMLIS (Table 2). The
major source of these false negatives was the failure to
provide a value for the probability of a change in the social
security number, a system operation deficiency. This result-
ed in the classification of all comparisons between records
with different social security numbers as non-matches. Safe-
guards have since been incorporated into the parameter
specification procedures to prevent the recurrence of this
type of error. If allowance is made for the corrections made
in the parameter specification procedures, the difference in
sensitivity between the NDI and CAMLIS is attributable
primarily to a single death which CAMLIS missed because
the last name was recorded differently on the user and
mortality records and the user record did not contain a social
security number. If the CAMLIS low likelihood linkages are
included, then CAMLIS identified five deaths that were
missed by the NDI. These missed deaths reflect the greater
tolerance for error of the CAMLIS probabilistic decision
criteria. Three of the five contained discrepancies in either
birth month or year; the remaining two had different first
name phonetic codes. Including the CAMLIS low likelihood
linkages in this analysis, however, would increase the num-
ber of CAMLIS false positive to 32. The probability linkage
weights of the three false positive CAMLIS records ranged
from 3.0 to 3.9.

Japanese Male Cohort
The study population consisted of a cohort of 3,809

Japanese males residing in the greater San Francisco Bay
Area who had participated in a study, sponsored by the

National Heart and Lung Institute, of risk factors associated
with cardiovascular disease in 1969 and 1970. Members of
the study population were actively followed for the first four
years of the study; thus, for some members of this popula-
tion, the necessary mortality data were available. A study
protocol was developed which called for a simultaneous
manual and CAMLIS clearance of the study population and
the subsequent comparison of results obtained by the two
procedures. A file was created and printed which displayed
records of all Japanese males on the California State mortal-
ity files between the years 1969 and 1980. The file contained
complete name, birth month and birth year; the absence of
birth day information again made it necessary to generate a
match key which replaced the birth day in the standard
alternative match key with the last two digits of the first
name phonetic code. To estimate sensitivity and specificity,
the mortality information previously recorded on members
of the cohort was used in conjunction with a careful review
of all instances in which there were discrepancies between
the manual death clearance and the CAMLIS search. The
sensitivity of CAMLIS was 0.92 and that of the manual death
clearance was 0.95 (Table 1).

Seventeen verified deaths were missed by CAMLIS
(Table 2). Fifty-eight per cent of the deaths with low
probability linkage weights were missed because of a rever-
sal in the first and middle names. It is apparently a common
practice for Japanese living in America to adopt both Japa-
nese and American first names, each of which is equally
valid. The name that appears first in a record is relatively
arbitrary. Since the values which were specified for the
CAMLIS first name error probabilities assumed the normal
"American" naming convention, an unusually high frequen-
cy of true matches were classified as "low likelihood link-
ages."

The misclassification was a consequence of the inability
of CAMLIS to generate adequate estimates of first name
error probabilities from deterministic linkage since the first
name phonetic code had been incorporated into the match
key. These circumstances can be taken into account in
future applications of the CAMLIS methodology on Japa-
nese study population files either by introducing records
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TABLE 3-Distribution of Probability Linkage Weights for All CAMLIS
False Positive Matches and the Corresponding True Positive
Matches by Match Weight Group among Hanford Study
Sublects

Number of Occurrences

Match Weight Group* False Positives True Positives

3.0-3.9 30 6
4.0-4.9 11 0
5.0-5.9 0 2
6.0-6.9 1 2
7.0-7.9 0 3
8.0-8.9 2 7
Total 44 20"

*These are base 10 logarithms.
"These represent 3.2%o of all vefified deaths.

with reversed first and middle names or by adjusting the first
name and middle name error probabilities to reflect the
higher probability of variation.

The specificity of the manual death clearance is defined
as 1.0 by the nature of the evaluation process, since the
classification was based on the results of manual review
(Table 1).

Two of the false positives were produced by probability
linkage; both had a probability linkage weight in the 3.0 to
3.9 range. The third, which was produced by deterministic
linkage, agreed in all identifiers except for the last name.

Discussion

Seventy-four deaths were missed in the four evaluations
of the CAMLIS methodology that are reported on in this
paper (Table 2).

Type I misclassifications are the result of deficiencies in
the search strategy. Sixty per cent of the Type I deaths were
missed as a result of invalid dates of last contact or death on
the user records. Whether these missed deaths can be
attributed to the CAMLIS methodology is a moot point.
Although the date of last contact could be disregarded, the
consequences would be an increase in the number of false
positives and a greater processing cost. We have attempted
to address this issue by not utilizing information on day of
last contact and by advising users that unreliable dates of last
contact should either not be employed or that one or two
years should be subtracted from the recorded dates of last
contact before they are employed for death clearance pur-
poses. The potential for reduction of these Type I misclassi-
fications appears to be very good.

Type II misclassifications are the result of deficiencies
in the match strategy. Ninety-five per cent of the Type II
deaths were classified as "low likelihood" linkages and most
of these were obtained from the Japanese Male Cohort
Study. Proper attention to the special processing require-
ments of Oriental study populations and greater experience
in the setting of the estimates of recording error probabilities
for the first name would reduce these misclassifications
considerably. The potential for reduction of these Type II
misclassifications thus appears to be very good.

Type III misclassifications are the result of deficiencies
in the operation of CAMLIS. Thirty per cent of the Type III
deaths can be attributed either to deficiencies in the original
system design or to software "bugs" which have since been
corrected. The misspecified parameters were estimates of
the probabilities of recording error for variables used for

record linkage purposes. As experience is gained in the
specification of these parameters, we can expect to see an
improvement in this area also. The potential for reduction of
Type III misclassifications thus appears to be excellent.

Type IV misclassifications are the result of deficiencies
in the information that is available to CAMLIS. Fifty-seven
per cent of the Type IV deaths represent unaccountable
events in that the corresponding deaths could not be located
on the California mortality files. The remaining deaths
represent instances in which the state file number could not
be located, thus preventing a determination of the factors
responsible for the missed death. Our expectation is that the
level of Type IV misclassifications will probably remain
constant.

The results from the Hanford Study require some cau-
tion in drawing blanket conclusions. The period covered in
this study, 1966-80, overlapped a critical event at SSA. In
November 1977, a change was made that resulted in the loss
of an undisclosed number of deaths for 1978 through 1980.9
Recent information from CAMLIS, for the period 1960
through 1982, and for the SSA through September 1983
indicates that, for each year up to 1977, about 6 per cent of
All known California deaths among former Hanford employ-
ees were missed by the SSA search. In 1978, this increased
to 22 per cent and in 1979 it was almost 70 per cent. Forty per
cent of the California deaths identified by CAMLIS were
missed by the SSA search for years 1980 and 1981. It
remains to be seen whether or not SSA can recover. This
makes a strong argument for using linkage systems such as
CAMLIS in regional settings and possibly even on a national
level with the addition of deaths for the year 1978.

The NDI was established in 1981 by the National Center
for Health Statistics (NCHS) in response to the demand for
better access to mortality files by investigators engaged in
cohort studies in the medical and health research fields. By
collecting standardized death certificate information from 54
registration areas, representing 100 per cent of the deaths in
the United States, the NDI is able to provide the necessary
access to national mortality files. The NDI and CAMLIS
represent approaches to death clearance which differ in
many significant respects. The salient features of these two
systems are compared in Table 4.

TABLE 4-ComparIson of the National Death Index (NDI) and the Califor-
nia Automated Mortality Linkage System (CAMLIS)

Process NDI CAMLIS

Application Formal Formal
Review/Approval Expert Committee State Registrar of Vital

Statistics
Elapsed Time 4-6 months 2 weeks
File Submission Require-
ment Strict None

Purchase Requirement None Yes
Decision Criteria Deterministic Combination of Deter-

ministic and Probab-
listic

Cost as a Function of File
Size*

File Size
100 $110 $550

1,000 $200 $600
10,000 $1,100 $1,100
25,000 $2,600 $1,900
50,000 $5,100 $3,300

'The cost calculations are for studies conducted in Califomia and assume a search
over the time period 1979-82.
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Rogot'0"' and Wentworth'2 have recently reported on
their experience in using the NDI. Both investigators found
approximately two-thirds false positives among the NDI
matches.'0"2 CAMLIS generated predictive values in the
evaluations reported on in this paper that ranged from 0.93 to
0.99, equivalent to false positive rates offrom 1 to 7 per cent.
The predictive value of an NDI match for the Kaiser-
Permanente Study evaluation was 0.59; if multiple reports
are included, approximately half of the NDI matches were
false positives, a finding which is not inconsistent with the
conclusions of Rogot and Wentworth.

Beebe has summarized the need for record linkage
systems to monitor health and to facilitate large-scale epide-
miologic studies of health hazards in the United States.'3 As
he points out, this country has historically lagged behind
Canada in the development of mortality and morbidity data
bases and the means of accessing them. The efforts of
Newcombe and his colleagues at the Chalk River Nuclear
Laboratories'-314-'6 have culminated in the devel-
opment of powerful probabilistically based systems which
are capable of performing the necessary record linkage
operations quickly and accurately.

Conclusion
An automated mortality linkage system, CAMLIS, has

been successfully implemented at the University of Califor-
nia at San Francisco under the sponsorship of the Depart-
ment of Epidemiology and International Health. The system
now offers a rapid, accurate, and cost-effective means of
accessing the California state mortality files.
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APPENDIX

1. Deterministic Decision Criteria
The social security number (SSN) is the match key of choice. If the user
record does not contain a SSN, an attempt is made to generate an
alternative match key from the birth date, first two digits of the first name
phonetic code and sex code.
A. Social Security Number

Classification as a high likelihood match requires agreement on the
SSN and four out of the following six items: Last name phonetic
code, first two digits of the first name phonetic code, middle name
initial, birth month, birth date, and birth year. All other SSN matches
are classified as low likelihood matches.

B. Alternative Match Key
User file records for which the month and year of last contact are
subsequent to the month and year of death on the California State
mortality file record are rejected from further processing.
1. Males-Classification as a high likelihood match requires agree-

ment on the alternative match keys, first name phonetic codes,
middle name initials, and birthplace codes.

2. Females-Classification as a high likelihood match requires
agreement on the alternative match keys and two out of the
following three items: first name phonetic code, middle name
initial, and birthplace code.

11. Probability Linkage Decision Criteria
Weight computations are based on a modified Fellegi-Suntere model.
Procedures have been developed for the computation of probability
linkage weights for last name, first name, middle name initial, social
security number, birth month, birth day, birth year, birthplace and race.
Since different weighting schemes are required for most of these varia-
bles, only a general summary of the weight computation process will be
presented. For a more comprehensive presentation of probability linkage
weight computation techniques, see Fellegi and Sunter' and Arellano".
A. Definition of Terms

Matched Set: The population of individuals represented by the truly
matched records (true positives).

pjk= P (Occurrence of the jth value of variable kIA value was
recorded)

ek = P (The kth variable is recorded incorrectly among records
associated with the matched setlA value was recorded)

= P (The error-free forms of the values of the kth variable in a
record comparison are differentIThe record comparison is
associated with the matched set)

ek= P (A value for the kth variable was not recorded among
records associated with the matched set)

yjk = The jth agreement configuration of the coded comparison of
values for the kth component
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B. Estimation of Probabilities
1. Estimates of the pjk probabilities have been derived from the

California mortality files at five-year intervals. The most appro-
priate estimates are applied to each linkage situation.

2. Estimates of ek and eT, the "recording error probabilities", are
for the most part derived from the high likelihood matches
produced by deterministic linkage. A pool of estimates derived
from previous experience is available to provide estimates of
probabilities which cannot be derived from deterministic linkage.
An estimate of e k is not essential for purposes of probability
linkage weight computation.

C. Weight Computation Formulas
1. Agreement configurations:

w(-yj) = Probability linkage weight for the jth agreement con-
figuration of the kth component

= -IOg(p;k)+210g-ek)+og(l-ek) (log to the base 10)
2. Disagreement configuration:

w(disagreement configuration for the kth component)
n

ko[I(Ie)2(l -k )l log[ I (pjk)2]
i=1

3. Missing value(s) configuration:
w(missing value(s) configuration for the kth component)

= log[(l-(l-ek)2)/(I-(1-ek)2)I
= 0.0

D. Decision Criteria
A total probability linkage weight, obtained by summing over the
component weights for each record comparison, is the basis of the
probability linkage decisions. These weights determine the assign-
ment of the corresponding comparison pairs to high likelihood
nonlinkage, low likelihood linkage, or high likelihood linkage catego-
ries; previously specified lower and upper threshold values are the
boundary points between these categories. Values of 3.0 for the
upper threshold value (corresponding to a likelihood of 1000 to I that
the match is a true positive) and 0.1 for the lower threshold value
(corresponding to a likelihood of 1.25 to I that the match is a true
positive) are generally used; in our experience, these values have
provided a very good basis for making the necessary discriminations.

In the strict statistical sense, the summation of component weights
requires the assumption that the components are independent. In
practice, we have not observed any serious consequences of the
violation of this assumption.

qedwe by 39 U.S.C 3685)
A TITLE OF PUBLICATION IB. PUBLICATION NO. 2. DATE OF FILING

American Journal of Public Health 1 10/10/84
3f FREQUENCY OF ISSUE 3A. NO. OF ISSUES PUBLISHED 38. ANNUAL SU8SCRIP'TION

ANNUALLY P'RICE
monthly

4 COMPLETE MAILING ADDRESS OF KNOWN OFFICE OF PUBLICATION ISIr. Clty. Ceooy. Stet.td ZIP-I CdoJ (N.,o.P.ir-

101 Fifteenth Street, NW, Washington, DC 200Qa5
5 COMPLETE MAILING ADDRESS OF THE HEADOUARTERS OF GENERAL BUSINESS OFFICES OF THE PUBLISHER /NSeperitr

same as above
6 FULL NAMES ANDCOMPLETE MAILING ADDRESS OF PUBLISHER EDITOR AND MANAGING EDITOR A7le,. MUSHJNOTbbSeUk.
PUBLISHER (N.., ..d Co..PIt Md.fU Add-)e

American Public Health ASsociation, 1015 15th St., NW, Rashington, DC 2=0005
EDITOR rt,c..Ud C-ep- MaU,.RSAdd,-e)

Alfred Yankauer, RD, MPH, 1015 15th St., NW, Washington, DC 2O1.5

MANAGING EDITOR (N..,Ud C-,p, -My,,.S AddA-

William H. McBeath, MD, MPH, 1015 15th St., NW, Washington, DC 200.Q1

7 OWNER /If .-.d by -c,poCnon itsn c., d.ddrA- -m1 b-1trDdF.dUcom.-dAi-y Ihe,e,,.dc, the,r.s.*nddd-.ocfc.ockhidU.

non.up S1ublrhdb) .S...cp.cflc, I c., II,.,c..d.ddA .-Ib-ceOrd/Iri_,,.Y.nb-F piUdj

FULL NAME COMPLETE MAILING ADDRESS

American Public Health Association -1015 1thb St.. Nw. RlaREinLtonR DC 2QOQ5

KNOVN BONOOOLDERS MORTGAGEES.ASD OTHER SECURITY HOLDERS OWNING OR HOLDING PERCENT OR MORE OF TOTAL
AMOUNT OF RONDSMORTGAGESOROTHERSECURITIES//fIfeo-.,,.-..,..oI

FULL NAME COMiPLETE MAILING ADORESS

n. Op itol stock

9 FORCPLETIONBTNONPROFIT ORGANIZATIONSAUTNORIZEC TMAILAT SPECIAL RATESRe. 4223.12DIMMoy
Th.e opo-. fuAtRoP, *r -oofit,tu. f tht. o pniz tionA d fte Dee cI FedUI pr.poCohs k-oe

(., 42)
W HAS NOT CHANGED DURING HRAS CHANGED DURING (IfchwpdtPbhl, e.mwr b..,i .p-6o- f

PRECEDING 12 MONTHS tJ PRECEDING 12 MONTHS dteo wiCh thtitrD.o/

0. EXTENT AND NATURE OF CIRCULATION AVERAGE NJ) COPIES EACH ACTUAL NO. COPIES OF SINGLEFOTENY AN~SUTUR OF CIRCALATIONISSUE DURILG PRECEDING ISSUE PUBLISHEDNEAREST TOI(S,, is--tnon onrvisd, Y2 MONTHS FILING DATE

A TOTAL NO. COPIES (N,, P,ORt..) 34,1500 344,801
S PAID) ANDIOR REIOUESTED CIRCULATION

1NSeI EthroUgh eeac,R..,,rIendpon- .d C-u.e/.e 0 0

2. M-^ S--, -PiO
33,025 33 535

C TOTAL PAID AND/OR REOUESTED CIRCULATION
ISA- cofJOBI .Ud10H2 33,025 33, 535

D. FREE DISTRIBUTION BY MAIL, CARRIER OR OTHER MEANS
SAMPLES COMPLIMENTARY AND OTHER FREE COPIES 350 252

E. TOTAL DISTRIBUTION (S.. fC.Ud D) 33,375 33,787
F. CO IES NOT DISTRIBUTED

1. ORff ea I..U,eo, --elOutd,roodU.e printng 1,125 1,(014

2.Ret fotn Ne.AM 0 0

G. TOTALISe. fCE. F] .UD2-o-osIU cI n r o-.r .Si/A) 34,500 34,801

EIGTURE AND TITLE OFEDFR ULISHER, BUSINESS MANAGER, OR OWNEROeRtify that te BtBSttwts made by ND/ O -7 /R.FUB
me above are co.,EcR awd complete R

AJPH December 1984, Vol. 74, No. 12

US. MAN SAEM
STATEMENT OF OWNERSHIP M1ANAGEMENT AND CIRCULATIONADVERTISERS'

INDEX
American Journal of Public Health December 1984

CMHC Systems, Inc. ................. ............. 1300
Agency: The Corporate Design Center, Inc.

Dupont .................................. 1314, 1315
Agency: Barnum Communications, Inc.

National Heart, Lung, and Blood Institute .............. 1309
Agency: The Corporate Design Center, Inc.

Mayfield Publishing .................................. 1458

Innomed .................... .............. cover 3
Agency: Peter Forstenzer, Inc.

Parke-Davis .................................. 1307, 1308
Agency: Lambert and Feasley, Inc.

Reed and Carnrick .................. ......... cover 2, 1299
Agency: MED Communications

Ross Laboratories ............. 1330A, 1330B, 1330C, 1330D
Agency: Swink/Kight Haunty Advertising

Smith-Sternau . 1305
Agency: Henry J. Kaufman & Associates, Inc.

Norcliff Thayer ............. 1322, 1323
Agency: Carrafiello, Diehl and Associates, Inc.

Wyeth Laboratories ............. cover 4
Agency: Kallir, Philips, Ross, Inc.

1 330


