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Towards a methodology for statistical disclosure
control

by Tore Dalenius!

A. INTRODUCTION

1. The problem of statistical disclosure—then
and now

The term “statistical disclosure”—typically
referred to simply as disclosure—will be
uwed in this paper® in accord with its use
in the context of releasing results (tabula-
tions, microdata, etc.) of sample and census
surveys.

The phenomenon of disclosure attracted
the attention of survey statisticians long
before the present era of public concern
about “invasion of privacy”. By the same
token, survey statisticians early took special
actions to control® disclosure, as evidenced
by special statutes, regulations and policy
statements. As an example in kind, Title 13,
(US. Code), which deals with the work of
the U.S. Bureau of the Census, dates back
10 1929.

In recent years, some events have, how-
ever, occurred which have made it urgent
tostrengthen the efforts to control disclosure.
Thus, one decisive event is represented by
the lively public debate about various
threats to the citizens’ privacy; the prolifera-
tion of computerized information system has
no doubt served to enhance the public

tBrown University and University of Stock-
holm.

:This paper is virtually identical with report
No. 19 of the research project Confidentiality in
Surveys, financed by a generous grant from the
Bank of Sweden Tercentenary Foundation.
1For reasons which will be touched upon in
section 18, “control” is used in preference to
“prevention’” or “‘avoidance’.

concern about statistical information sys-

tems. One of the threats identified in this

debate is indeed disclosure.t

While survey statisticians have shown
their understanding of the public concern
about disclosure, they have also emphasized
the risk of an oversimplified debate of the
disclosure problem. More specifically, they
have pointed to two shortcomings of the
debate:

i. Some cases of alleged disclosure have
proved to have no or very little support
in facts.®

ii. Many critics fail to discuss the problem of

¢ Another decisive event is represented by the
change that has taken place in the field sta-
tistics, with respect to the volume and detail
of statistics produced, thus enhancing the risks
for accidental disclosures; see Dalenius (1974).
s The following citation is a case in kind; it is
taken from Miller (1971), p. 136:
“Some deficiencies inevitably crop up even in
the Census Bureau. In 1963, for example, it
reportedly provided the Ameiican Medical
Association with a “statistical” list of one
hundred and eighty-eight doctors residing in
1llinois. The list was broken down into more
than two dozen income categories, and each
category was further subdivided by medical
speciality and area of residence; as a result,
identification of individual doctors was
possible. In addition, there probably has been
a fair amount of data disclosed at the informa-
tion-gathering level by the large corps of
enumerators employed to carry out the periodic
canvassing. It is difficult to believe that all
census takers are immune from gossiping or
impervious to the entreaties by one neighbour
for information concerning the replies of
another. Of course, if direct-mail techniques
prove successful, this type of abuse should be
reduced.”

Federal statisticians who have thoroughly
investigated this specific case, have been unable
to substantiate Miller’s criticism!
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disclosure in the context of a reasoned
balance between the right to privacy and
the need to know; they may also lump
together all instances of disclosure, be
they serious or harmless.

2. The purpose of this paper

It is the prime purpose of this paper to
contribute to a better understanding of the
phenomenon of disclosure. The achievement
of this purpose should help the survey stat-
isticians to cope more successfully with
today’s disclosure problem, and hopefully
provide a basis for an informed public
debate.

With this purpose in mind, the paper has
been organized as follows:

In part B, we will suggest a definition of
“statistical disclosure™.

In part C, we will present a theory of
statistical disclosure.

In parts D—F, we will givesome examples.

In part G, finally, we consider the possi-
bility of developing a methodology for
statistical disclosure control, SDC for short.

B. THE CONCEPT OF “STATISTICAL
DISCLOSURE”

3. The insufficiency of prevailing definitions

Statistical disclosure is used in the literature
in a way which parallels its use in non-
statistical contexts. Thus, in Webster’s
Third New International Dictionary, “dis-
closure” is defined as:

(1) the act or an instance of opening up to

view, knowledge or comprehension

(2) something that is disclosed.

This definition is, indeed, general; it is by
and large consistent with definitions of
disclosure in the context of releases of

statistical results. As an example, Title 13,

(U.S. Code), Section 9-a-2, gives an implici

definition of disclosure; it states that ther §

shall not be:

€

. any publication whereby the data fur-
nished by any particular establishment o

individual under this title can be identified" ]

The definition just quoted is less generl §
than the definition taken from Websters |
dictionary, by making identification of th

object(s) concerned an element of the
definition. While this is indeed a crucii

difference, it does not make the resulting §

definition sufficiently specific to serve ass

basis for regulations and/or procedures §
aiming at disclosure control; it does not f

easily and unambiguously lend itself t
implementation.

In section 4—6 an effort will be made to

deal with the conceptual problem th
present.

4. A framework for defining “‘statistical dis- §

closure™

As stated in section 1, “statistical disclosure”
is used here in accord with the use of thi

term in the context of releasing statistics |

from a survey. In line with this notion of
disclosure, the following four components
are used to provide the conceptual frame
work called for:

i. A frame comprising certain objects

ii. Data associated with these objects
iii. Statistics released from a survey
iv. Extra-objective data

4.1. The frame
Consider a set of identifiable objects, to be
referred to as the total population and de-
noted by {O}7. In a typical case, {0}y may
be “all Swedish citizens”.

The survey concerns a subset of this total

population, viz. that subset which is ac §

cessible by means of a certain frame F; for
convenience, this subset will be denoted
by {O}r. In a specific case, {O}r may be
“Swedish citizens living in Sweden™.

The complimentary subset—i.e., the sub-
set made up by objects in {O}p which are
not in {O}r—is denoted by {O}r. Thus
{0}y is the “union” of {O}r and {O}F:

{0}r = {O}r U {O}F = {O}r + {O}F

In the case of a sample survey, it may prove
useful to make an additional distinction,
viz. between objects selected for the sample,
say {O}r,s and those not selected, {O}r,s.

4.2. Data associated with the objects in the
Sframe

With each object in {O}r, we associate data,
which serves three different functions:

i. Identifying function:
We will denote the data serving this
function by the identifier 1. In a specific
case, I may appear as a (registration)
number, or as name and street address.

ii. Classifying function:

For purposes of presenting the ““details”
of the statistics to be released, the objects
in {O}r will be associated with certain
classes, defined by reference to some
classifier C. In a specific case, C may
appear as a “‘code” identifying a subset
of {O}r, for example a subset defined
with reference to the sex and age of the
objects in {O}r.

iti. Information function:
The survey is carried out in order to
provide information in terms of certain
“survey characteristics” X, Y, ..., Z.
For the object O, in {O}r, J=1, ...,
N, the values of these characteristics
aredenoted by X |, Y, ..., Z,. Typically
(but not exclusively), these values may
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statistical results. As an example, Title 13,
(U.S. Code), Section 9-a-2, gives an implicit
definition of disclosure; it states that there
shall not be:

“ .. any publication whereby the data fur-
nished by any particular establishment or
individual under this title can be identified.”

The definition just quoted is less general
than the definition taken from Webster’s
dictionary, by making identification of the
object(s) concerned an element of the
definition. While this is indeed a crucial
difference, it does not make the resulting
definition sufficiently specific to serve as a
basis for regulations and/or procedures
aiming at disclosure control; it does not
easily and unambiguously lend itself to
implementation.

In section 4—6 an effort will be made to
deal with the conceptual problem thus
present.

4. A framework for defining “statistical dis-
closure”

As stated in section 1, “‘statistical disclosure”
is used here in accord with the use of this
term in the context of releasing statistics
from a survey. In line with this notion of
disclosure, the following four components
are used to provide the conceptual frame-
work called for:

i. A frame comprising certain objects

ii. Data associated with these objects
iii. Statistics released from a survey

iv. Extra-objective data

4.1. The frame
Consider a set of identifiable objects, to be
referred to as the total population and de-
noted by {O}7. In a typical case, {O}r may
be “all Swedish citizens™.

The survey concerns a subset of this total
population, viz. that subset which is ac-
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cessible by means of a certain frame F; for
convenience, this subset will be denoted
by {O}r. In a specific case, {O}r may be
“Swedish citizens living in Sweden”.

The complimentary subset—i.e., the sub-
set made up by objects in {O}p which are
not in {O}r—is denoted by {O}r. Thus
{0}p is the “union” of {O}r and {O}F:

{O}r={0}r U {O}F = {O}r + {O}F

In the case of a sample survey, it may prove
useful to make an additional distinction,
viz. between objects selected for the sample,
say {O}r,s and those not selected, {O}r,s.

4.2, Data associated with the objects in the
frame

With each object in {O}r, we associate data,
which serves three different functions:

i, Identifying function:
We will denote the data serving this
function by the identifier 1. In a specific
case, I may appear as a (registration)
number, or as name and street address.

ii. Classifving function:

For purposes of presenting the “details”
of the statistics to be released, the objects
in {O}r will be associated with certain
classes, defined by reference to some
classifier C. In a specific case, C may
appear as a ‘“‘code” identifying a subset
of {O}r, for example a subset defined
with reference to the sex and age of the
objects in {O}r.

Information function:

The survey is carried out in order to
provide information in terms of certain
“survey characteristics” X, Y, ..., Z.
For the object O, in {O}r, /=1, ...,
N, the values of these characteristics
aredenoted by X, ¥, ..., Z,. Typically
(but not exclusively), these values may

il

be in the nature of attributes or magni-
tudes.
It may be worth noting that some data
may serve more than one function in one
and the same survey.

4.3. The statistics released from the survey

The objective of a survey is expressed in

terms of some population and some data C

and X, Y, ..., Z. In order to achieve this

objective, the statistics S is released.

We will focus on two different kinds of

statistics:

i. statistics for sets of objecis—“macro-
statistics”; typically, the format of a
report is used as the means of releasing
the statistics.

ii. statistics for individual objects—“micro-
statistics”; typically, the format of micro-
data tape is used as the means of releasing
the statistics.

In view of the role that the above distinc-
tion plays in part C, we will elaborate upon

it in sections 4.3.1 and 4.3.2.

4.3.1. Macrostatistics
In the case of macrostatistics, the statistics—
counts, magnitudes, etc. as the case may
be—concern aggregates of the individual
values of the survey characteristics belonging
to the respective sets.

The follwing tables are two cases in kind:

Number of beneficiaries by county and age

Coun- Age class Total
ty

Under 65—69 70—74 75 &

65 over
A 3 15 11 8 37
B 7 60 34 20 121
C — 4 — — 4
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Average benefit amount (in $) by county and
age

County Age class

Under 65—69 70—74 75 &

65 over
A 63.30 9430 8520 79.60
B 62.40 89.90 81.80  72.40
C 59.80 9240 80.40 77.60

These tables—while featuring the char-
acteristics of real-life statistics—are ad-
mittedly “small”. In the interest of making
clearer the discussion in part C, we will

further reduce the size by focusing on som: §

detail.

4.3.2. Microstatistics

In this kind of statistics, the individual values
observed with respect to the characteristics §
X, Y, ..., Z (possibly in conjunction with
the associated classifiers) are released. Th
identifiers, however, are not released.

The following excerpt — slightly edited
~— from U.S. Bureau of the Census (19%)

is illustrative:

Household State of  Urban/ Size of Tele- Plumb- Rent No. of House-
data: residence Rural house- phone ing cars hold
hold type
Household No. 1 Virginia® Urban 3 Yes Yes $125 2 H-wW
family
Individual Relation- Sex Age Race Place Years Occu- Earnings
Data: ship of of pation
Birth School
Person a Husband M 37 w Kansas 12 Plumber  $13,000
b Wife F 35 W Virginia 12
c Child M 6 w Virginia 1
Household No. 2 Virginia Rural 1 Yes No $30 0 Primary
Indiv.
Person a Primary F 68 NW  Alabama 6 Service $1,400
Household No. 3 Virginia Urban 6 Yes Yes $205 2 H-W
family
Person a Husband
. b
f i

* Public Use Sample tapes do not actually contain alphabetic information, but represent the v

characteristics in the form of numeric codes.

4.4. Extra-objective data
In section 4.3, we related the objective of a
survey to two kinds of data: C, and X, Y,
... Z, respectively. It is characteristic of
the design of a survey that it provides a
source of this data.

We will use the term ‘“‘extra-objective
data” to denote any kind of additional data;
for convenience, this data will be denoted by

E. It is characteristic of E that it is not part
of the objective of the survey; thus, the
design does not explicitly provide a source

of this data.

4.5. Summary

Thus, the four components of the framework

may now be stated as:
(1) The frame: {O}r

(2) The data associated with the objects in
the frame: I, C; X, Y, ..., Z

(3) The statistics released from the survey: S

(4) The extra-objective data: E

5. Statistical disclosure defined

We will now suggest a definition of disclosure
within the conceptual framework presented
in section 4.

Thus, consider an object Ox in {O}y.
This object may be a member of {O}r,
or it may be a member of {0}z We intro-
duce a characteristic D, which may be one
of the survey characteristics X, Y, ..., Z;
or it may be some other characteristic. For
the object Ox, this characteristic assumes
the value Dx. It is helpful to consider two
special cases:

i. Dk=1 if Ox has a certain property,

otherwise Dx = 0.

ii. Dr is measured on a ratio scale: it is
expressed as a magnitude.

If the release of the statistics .S makes it
possible to determine the value Dx more
accurately than is possible without access
to S, a disclosure has taken place; more
exactly, a D-disclosure has taken place.
In a specific case, this D-disclosure may be
an X-disclosure, or an Y-disclosure, etc.

The definition just given applies to both
release of micro-statistics and release of
macro-statistics.

C. A THEORY OF STATISTICAL
DISCLOSURE

6. The basic approach

In order to be able to develop a methodology
for SDC, it is necessary to understand the
disclosure phenomenon. More specifically,
it is necessary to construct a theory which
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further reduce the size by focusing on some
detail.

4.3.2. Microstatistics
In this kind of statistics, the individual values
observed with respect to the characteristics
X, Y, ..., Z (possibly in conjunction with
the associated classifiers) are released. The
identifiers, however, are not released.

The following excerpt — slightly edited
— from U.S. Bureau of the Census (1976)
is illustrative:

le- Plumb- Rent No. of House-
one ing cars hold
type
s Yes $125 2 H-W
family
ace Place Years Occu- Earnings
of of pation
Birth School
' Kansas 12 Plumber  $13,000
i Virginia 12
! Virginia 1
s No $30 0 Primary
Indiv.
W  Alabama 6 Service $1,400
'S Yes $205 2 H-W

family

ain alphabetic information, but represent the

E. It is characteristic of E that it is not part
of the objective of the survey; thus, the
design does not explicitly provide a source
of this data.

4.5. Summary

Thus, the four components of the framework
may now be stated as:

(1) The frame: {O}r

(2) The data associated with the objects in
the frame: I; C; X, Y, ..., Z

(3) The statistics released from the survey: §

(#) The extra-objective data: E

§, Statistical disclosure defined

We will now suggest a definition of disclosure
within the conceptual framework presented
in section 4.

Thus, consider an object Ox in {O}r.
This object may be a member of {O}r,
or it may be a member of {O}r. We intro-
duce a characteristic D, which may be one
of the survey characteristics X, Y, ..., Z;
or it may be some other characteristic. For
the object Ox, this characteristic assumes
the value Dx. It is helpful to consider two
special cases:

i, Dx =1 if Ox has a certain property,

otherwise Dx = 0.

i, Dx is measured on a ratio scale: it is
expressed as a magnitude.

If the release of the statistics .S makes it
possible to determine the value Dx more
accurately than is possible without access
to S, a disclosure has taken place; more
exactly, a D-disclosure has taken place.
In a specific case, this D-disclosure may be
an X-disclosure, or an Y-disclosure, etc.

The definition just given applies to both
release of micro-statistics and release of
macro-statistics.

C.A THEORY OF STATISTICAL
DISCLOSURE

6. The basic approach

In order to be able to develop a methodology
for SDC, it is necessary to understand the
disclosure phenomenon. More specifically,
it is necessary to construct a theory which
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reflects the underlying cause system.® This

actualizes a basic question, which we will

try to answer in this section, viz.: what kind
of approach is one to use?

In looking for a feasible approach, it is
natural to try to identify some characteristic
of the disclosure phenomenon which some-
how makes the underlying cause system
accessible, and then give this characteristic
a pivotal role in the choice of the approach.
In the case under consideration, the con-
siderable complexity of the disclosure
phenomenon is indeed such a characteristic.

As elaborated in Ashby (1970), considera-
tions of operational feasibility often make
it imperative to tackle complex problems
by first breaking them up into minor, less
complex problems, and then dealing with
these problems in turn. In this context, such
a ““scientific” approach calls for two major
steps:

i. the development of a typology of statisti-
cal disclosure which provides a basis for
dividing the overall disclosure problem
into a set of sub-problems which can
more easily be understood; and

ii. the analysis of each such sub-problem
from a causal point of view.

7. A typology of statistical disclosure

In what follows, we will present a typology
of disclosure which makes use of 6 dimen-
sions:

i. kinds of statistics S released: micro-
statistics, or macro-statistics;

ii. the measurement scale used to express
S: in what follows, we will focus on
scales yielding attributes/counts and
yielding magnitudes respectively;

s This is the appropriate place to quote the
saying: ‘“There is nothing as practical as a
good theory.”
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direct or

=

accessibility of disclosure:
indirect disclosure;
iv. accuracy of disclosure: exact disclosure

ii.

or approximate disclosure;
v. scope of disclosure: external or internal
disclosure;
vi. the disclosing entities: S- or S E-dis-
closure,
A typology based on these 6 dimensions
yields a classification with (at least) 2 = 64
categories. The two first-mentioned dimen-
sions (kinds of statistics, and measurement
scale) have already been introduced in
section 4. The four remaining dimensions
will be discussed in section 7.1—7.4, respec-
tively. The discussion will be tied to Dk
as defined in section 5. The disclosure will be
denoted by Dj.

7.1. Accessibility of disclosure

If Dx is explicitly given by the released

statistics, the disclosure will be called direct.
If, however, the computation of Dz

calls for carrying out certain operations on

S in order to generate an additional sta-

tistics S”, then D will be called indirect.

7.2. Accuracy of disclosure

The term “‘accuracy of disclosure” will be
used here in a sense which is best described
by means of an example.

Consider the characteristic ““age” Xx for
the object Ox. We adopt the convention of
denoting Xk the exact age if Xx equals
the age of Ox as of his last birthday.

Now, if DX = Xk, we will refer to D
as exact disclosure; in the case where X
denotes age, we will refer to D as exact age
disclosure. Otherwise, we will refer to Dx
as approximate disclosure.

There may be several #ypes of approxima-
tion, for example:

i. approximation by means of interval, as

exemplified by
X. < Di < Xy

for the characteristic X.

ii. approximation in terms of a category, s

exemplified by:
Di =0
for “living in the urban area”, and
Di=1

for “living in the rural area”.

An interval/category approximation may
be labeled ““cerrain” if the object concerned
does in fact belong to the interval/category

involved; otherwise it will be labeled “u- §

certain”. An important special case of an

uncertain approximation is provided by |

probabilistic approximation when the state

ment “Ox belongs to the interval [;] or the |
category [.]” is associated with a probabiliy |

P that the statement is true.”

7.3. External v. internal disclosure

Consider two objects, Oy and Ox, with §

D-values Dy and Dx respectively; withou

loss of generality, it may be assumed that |

O, and Ox are members of a set of objects,
for which S has been released.

If D# can be computed without informa. §

tion about Dj, then we have a case o
external disclosure. This designation reflects

the fact that D;¥ can be computed by some §

one who is not a member of the same set as
Ox.
If information about D; makes it possible
. . £33 .
to compute an approximation Dg which
is ‘closer’ to Dx than D%, then D}
? This formulation may be made rigorous »

follows. Assume that it is known that 0;
belongs to a set of objects of which a propor

tion P belongs to the interval [;] or the category

[.]; then the probability is P that an obje

selected at random from this set will be o0 i

object which does in fact belong to [;] or [}

For a further elaboration of this notion, ref-

erence is given to Cassel (1976).

represents internal disclosure. The choice of
this designation reflects that fact that the
disclosure will be restricted to members of
the set to which O and Ox belong. Clearly,
internal disclosure (and only internal dis-
closure) can take place by itself (i.e. without
external disclosure taking place).

74. §- v. S E-based disclosure
In section 4, E was introduced to denote
“extra-objective” data.

If the computation of D makes use of
S only (but not E), the disclosure will be
designated as S-based disclosure.

If access to E makes it possible to compute
an approximation which is closer to Dx
than is an approximation which uses S only,
then we have a case of § % E-based disclosure.

8. The subsequent discussion

In the following sections, we will discuss
in more detail a few of the 64 types of
disclosure identified according to the typo-
logy just outlined.

The discussion will—as mentioned in
section 4.3—make use of oversimplified
cases of statistics released; the emphasis of
the discussion is on mechanisms of dis-
closure.

D. EXAMPLES—MACROSTATISTICS:
COUNTS®

9. External, S-based disclosure

In this section, we will consider both exact
and approximate disclosures, as well as
direct and indirect disclosures.

9.1. Exact direct disclosure
Example No. 1
Consider the following table of people

¢ The possibility of extracting additional infor-
mation from count statistics is well known; for
illustrations, reference is given to Bishop et al.
(1975), pp. 107—11, Fisher (1935), pp. 94—95,
and Yule and Kendall (1950), chapter 1.
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exemplified by
X, < DE < Xy
for the characteristic X.
ii. approximation in terms of a category, as
exemplified by:
Di=0
for “living in the urban area”, and
Dr=1

for “living in the rural area”.

An interval/category approximation may
be labeled “certain” if the object concerned
does in fact belong to the interval/category
involved; otherwise it will be labeled *‘un-
certain”®. An important special case of an
uncertain approximation is provided by a
probabilistic approximation when the state-
ment “Ox belongs to the interval [;] or the
category [.I” is associated with a probability
P that the statement is true.”

7.3. External v. internal disclosure

Consider two objects, Oy and Ok, with
D-values Ds and Dx respectively; without
loss of generality, it may be assumed that
0 and Ox are members of a set of objects,
for which S has been released.

If D# can be computed without informa-
tion about Ds, then we have a case of
external disclosure. This designation reflects
the fact that D can be computed by some-
one who is not a member of the same set as
Ok.

If information about Dy makes it possible
to compute an approximation DE* which
is ‘closer’ to Dx than Di, then DE*

" This formulation may be made rigorous as
follows. Assume that it is known that Og
belongs to a set of objects of which a propor-
tion P belongs to the interval [;] or the category
[]; then the probability is P that an object
selected at random from this set will be an
object which does in fact belong to [;] or [].
For a further elaboration of this notion, ref-
erence is given to Cassel (1976).

- represents internal disclosure. The choice of

this designation reflects that fact that the
disclosure will be restricted to members of

| the set to which Oy and Ox belong. Clearly,

internal disclosure (and only internal dis-
closure) can take place by irself (i.e. without
external disclosure taking place).

74. 8- v. Sx E-based disclosure
In section 4, E was introduced to denote
“extra-objective”” data.

If the computation of D7 makes use of
S only (but not E), the disclosure will be
designated as S-based disclosure.

If access to E makes it possible to compute
an approximation which is closer to Dx
than is an approximation which uses S only,
then we have a case of § X E-based disclosure.

8. The subsequent discussion

In the following sections, we will discuss
in more detail a few of the 64 types of
disclosure identified according to the typo-
logy just outlined.

The discussion will—as mentioned in
sction 4.3—make use of oversimplified
ases of statistics released; the emphasis of
the discussion is on mechanisms of dis-
closure.

D.EXAMPLES—MACROSTATISTICS:
COUNTS?®

9, External, S-based disclosure

In this section, we will consider both exact
and approximate disclosures, as well as
direct and indirect disclosures.

9.1, Exact direct disclosure
Example No. 1
Consider the following table of people

1The possibility of extracting additional infor-
mation from count statistics is well known; for
illustrations, reference is given to Bishop et al.
(1975), pp. 107—11, Fisher (1935), pp. 94—95,
and Yule and Kendall (1950), chapter 1.
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classified by place of living and health status;
the assumption is made that “health status”
is meaningfully measured only by a nominal
scale.

Coun- Health status class Total
ty

1 2 3 4
C —_ 4 — -— 4

This is an example of exact, direct disclosure:
the table shows immediately that all people
in county C have a health status X expressed
by the value X = 2. The ‘“‘cause” of the
disclosure is obvious: the margin for county
C equals one of its health status cells.

Example No. 2
This example illustrates an important point:
each one of a set of tables T, ..., Ty may
by itself be (relatively) harmless; in com-
bination, however, they may be seriously
disclosing.

Consider a survey which for county C
has yielded the following statistics:

County Age No. of No. of
group men women
C 0 5 —
1 — 50

To be sure, this table discloses that all men
in county C are in age group “‘0”.

Now suppose that, in addition, the follow-
in'g table is released:

County Age No. with No. with-
group criminal  out crimi-
record nal record
C 0 5 —
1 — 50

In summary:
i. all persons in age group “0” have a
criminal record
ii. all persons in age group *“0”” are men
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iii. no man is in age group “1”
Thus, it follows that all men in county C
have a criminal record!

9.2, Exact indirvect disclosure

Example No. 3

Consider the following table; it is analogous
to that used in example No. 1:

Coun- Urban area Total
ty Health status class Health status class
1 2 3 4 1 2 3 4

C 15 11 6 5 15 12 6 5

This table makes it possible to compute the
following table:

County Rural area

Health status class

1 2 3 4
C — 1 — —_

The derived table discloses that the only
person in the rural area in county C belongs
to health status class 2.

The need to derive this table justifies the
term “indirect” disclosure.

9.3. Approximate direct disclosure

Example No. 4

This is a variation of example No. 1: four
geographic categories take the place of the
health status classes:

County Geographic category Total
NW NE SE SW
C — 4 — — 4

The disclosure is in the nature of approxi-
mation in terms of a category.

Example No. 5
Assume the following table is published from

a survey dealing with “‘tax cheating”:

County Per cent tax-
cheaters
C 95

If we select a person at random frornf
county C and state that he is a tax-cheatef
(as defined for this survey), there is a pricg
probability P = .95 that the statement turss

out to be true!

9.4. Approximate indirect disclosure

The construction of an example is straight }

forward, but will not be undertaken here,

10. External, S x E-based disclosure
The “extra-objective” data E may be of2

variety of kinds. We will give two examples, '

10.1. Exact direct disclosure
Example No. 6
Consider the total set of objects:

{0}r = {O}r + {O)F

as defined in section 4, and the object 0j,
which in fact belongs to {O}F.

A survey is made of the objects in {0}
If the documentation of the survey desig
discloses that Ox is not in {O}r (=E,
Ok must be in {O}F. Depending upon ¢
kind of survey, this may be stigmatizing. For
example, {O}r may be the set of objex
which have filed an *‘acceptable” income ta
return form; this implies that those whe
have not filed such a form constitute the st
{O}F, to which Ox belongs.

An analogous example may be formulatel
in terms of the subsets {O}r,s and {O}rj
defined in section 4.1.

10.2. Approximate direct disclosure
Example No. 7

This example considers again the total st
of objects

{O}r = {O}r + {O}F
and an object O, which in fact belongs to
{O}r.

The survey of {O}r shows that a propor-
tion P has some characteristic, say being
“tax-cheater”. If the documentation of the
survey design discloses that O is in {O}r,
a disclosure of the kind discussed in example
No. 5 has occurred.

11. Internal disclosure

We will be satisfied with one example.

Example No. 8
Assume the following table has been re-
leased for number of persons on welfare:

County No. of persons Total
on welfare not on
welfare
C 48 2 50

Oy and Ox are both not on welfare; if
they know each other, they can conclude
that all remaining 48 persons in county C
are on welfare!

E. EXAMPLES—MACROSTATISTICS:
MAGNITUDES

12. External, S-based disclosure

The discussion will be parallel to that in
section 9.

12.1. Exact direct disclosure
Example No. 9
This is a parallel to example No. 1:

Coun- Number of establish- Total sales

ty ments in indugtry
1 2 3 4

c — — — 1  $100,000
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a survey dealing with ““tax cheating”:

County Per cent tax-
cheaters
C 95

If we select a person at random from
county C and state that he is a tax-cheater
(as defined for this survey), there is a prior
probability P = .95 that the statement turns
out to be true!

9.4. Approximate indirect disclosure
The construction of an example is straight-
forward, but will not be undertaken here.

10. External, S x E-based disclosure

The ““extra-objective” data E may be of a
variety of kinds. We will give two examples,

10.1. Exact direct disclosure
Example No. 6
Consider the total set of objects:

{O}r = {O}r + {O}F

as defined in section 4, and the object Oy,
which in fact belongs to {O}7.

A survey is made of the objects in {0}z
If the documentation of the survey desig
discloses that Ox is not in {O}r (= £)
Ox must be in {O}F. Depending upon the
kind of survey, this may be stigmatizing. For
example, {O}r may be the set of objects
which have filed an ““acceptable” income tax
return form; this implies that those who
have not filed such a form constitute the set
{0}F, to which Ok belongs.

An analogous example may be formulated
in terms of the subsets {O}r,s and {O}rs
defined in section 4.1.

10.2. Approximate direct disclosure
Example No. 7

This example considers again the total set
of objects

{O}r = {O}r + {O}F

and an object Oz, which in fact belongs to
{0}r.
The survey of {O}r shows that a propor-

| tion P has some characteristic, say being

“tax-cheater”’. If the documentation of the
survey design discloses that Oy is in {O}r,
adisclosure of the kind discussed in example
No. 5 has occurred.

11. Internal disclosure

We will be satisfied with one example.

Example No. 8
Assume the following table has been re-
leased for number of persons on welfare:

County No. of persons Total
on welfare not on
welfare
C 48 2 50

0s and Ox are both not on welfare; if
they know each other, they can conclude
that o/l remaining 48 persons in county C
are on welfare!

E. EXAMPLES—MACROSTATISTICS:
MAGNITUDES
12. External, S-based disclosure

The discussion will be parallel to that in
section 9.

12.1. Exact direct disclosure
Example No. 9
This is a parallel to example No. 1:

Coun- Number of establish- Total sales
ty ments in indugtry

1 2 3 4

C — — — 1 $100,000
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12.2. Exact indirect disclosure

This type of disclosure parallels that dis-
cussed in section 9.2; as its meaning is
obvious, we will not elaborate on it by way
of an example.

12.3.. Approximate direct disclosure
Example No. 10
Consider the following income statistics:

Coun- Income class, $ Total
ty
-—1,999 2,000— 5,000—
4,999
C — 4 — 4

12.4. Approximate indirect disclosure
The construction of an example is straight-
forward but will not be carried out here.

13. External, S X E disclosure

This type of disclosure parallels that dis-
cussed in section 10.

13.1. Exact direct disclosure
We will be satisfied here with one example.

Example No. 11
The following table has been released:

County No. of bene- Total amount
ficiaries of benefits, §
C 15 3,000

Thus, in county C, the 15 beneficiaries
receive all together $3,000 or $200 per
beneficiary. If it is known that the maximum
amount given to any beneficiary is $200
(== E), then obviously every beneficiary in
C receives $200!

13.2. Approximate direct disclosure
Example No. 12

A survey of firms deals with two char-
acteristics:
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Y: the value of production
X: the number of workers

The statistics released may be a rxe
table, giving the number of firms in each cell
defined in terms of Y and X.

If the structure of the relation between
Y and X is known, for example by way of
a regression function Y = f(X), and the
X-value is known for some firm then it is
possible to estimate the corresponding
Y-value by means of the regression function.

14. Internal disclosure

We will be satisfied with one example.

Example No. 13
Consider the following table:

County No. of Total sales, $
companies
C 5 100,000

Company Oy in county C has a total sale
of $80,000. Thus the remaining 4 companies
account for $20,000; for any other company
Ox, it can be safely stated that:

Dg* < $20,000

F. EXAMPLES—MICROSTATISTICS

15. A model of microstatistics

The notion of microstatistics was illustrated
in section 4.3.2 by means of an example
from the U.S. Bureau of the Census. In
order to make our discussion general in
scope, we will use the following representa-
tion.

Consider a case with r data: C; X, ¥, .. .,
Z. For simplicity, we will assume that these
data assume two values® only: 1 and O.
® The generalization to the case where some or

alldata assume more than two values is straight-
forward.

Thus, the values associated with the obje

OJ may be given by a vector:
Vs:1,0,0,...,1
By definition, two vectors are equal:

Vo= Vg

if all elements of these vectors are pairwi

equal (both 1 or both 0); otherwise,
Vi# Ve

If Vs s# Vg for all K # J, then the vetnf

Vs is said to be wnique.

16. The disclosure problem

The statistics released for an individulf
object O does not contain the identifier | ]
as defined in section 4.2. This does nof
however, mean that Os cannot be idenif
fied—the possibility of identifying 0, i}
exactly the disclosure problem!® in the con 4
text of microstatistics. In order to illumins 3
this point, we will return to the illustrati f

given in section 4.3.2.

Example No. 14

For this example, r = 16, corresponding i

218 = 65,536

different vectors; not all of these vectonf

may be associated with some object.
Let us consider the problem of identifyi

(by name and adress) the husband in hous ’
hold No. 1. We already know the following

Datum Value of datum
(1) State of residence  Virginia
(2) Urban/rural Urban
(3) Occupation Plumber

Consider now some additional values:

o The disclosure problem as discussed here my
be viewed as a special case of the disclosu:
problem associated with the release of macre

statistics. We will not elaborate on this aspa: f

here.

Datum Value of datum
(4) Telephone Yes
(5) Automobiles Yes
(6) Sex Male
(7) Age 37
(8) Race White

These 5 data (4)—(8) may reasonably be
assumed to be ‘““‘public data”, or at least
easily accessible. It seems reasonable to
assume that the constellation of values
corresponding to data (1)—(8) is unique, or
at any rate that there are very few objects
having this specific constellation. Con-
sequently, an effort to identify the husband
in household No. 1 may appear to be
feasible.

Disclosure in the context of microstatistics
may be defined with reference to the notion
of “equal vectors” in section 16. If the
released for some area
comprises one Or more unique vectors, a
disclosure has taken place.

A word of caution is called for here.
Assume that Vs is unique; thus, a disclosure
has taken place. This fact says nothing
about the physical/economic effort necessary
in order to ‘pin-point’ Oy. In fact, trying

microstatistics

to ‘pin-point’ Oy may prove to be opera-

tionally infeasible in a real-life situation.

It is close at hand to ask a question such
as the following one: ‘“Which frequency of
‘equal vectors’ can one expect in a given
release of microstatistics?” The answer will
clearly depend upon such factors as:

i. the number N of objects in an area
with identical vectors;

ii. the number r of data released for each
object; increasing r will tend to reduce
the frequency;

ili. the dependence between the data; this
factor may be discussed in terms of the
frequency of objects with X =1, Y =1,
etc.

51—770001. Statistisk tidskrift 1977: 5
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Thus, the values associated with the object

Datum Value of datum
0 may be given by a vector: () Telephone Yes
Vs:1,0,0,...,1 L (5) Automobiles Yes
By definition, two vectors are equal: (6) Sex Male
L (7) Age 37
Vo= Vi 8) Race White

These 5 data (4)—(8) may reasonably be
assumed to be ““public data™, or at least
[ easily accessible. It seems reasonable to
- asume that the constellation of values
- corresponding to data (1)—(8) is unique, or
at any rate that there are very few objects
| having this specific constellation.
sequently, an effort to identify the husband
in housechold No. 1 may appear to be
feasible.

Disclosure in the context of microstatistics
may be defined with reference to the notion
of “equal vectors” in section 16. If the
released for
comprises one or more unique vectors, a
disclosure has taken place.

A word of caution is called for here.
Assume that Vo is unique; thus, a disclosure
s taken place. This fact says wnothing
about the physical/economic effort necessary
in order to ‘pin-point’ Ou. In fact, trying
1o ‘pin-point’ Oy may prove to be opera-

if all elements of these vectors are pairwise |
equal (both 1 or both 0); otherwise,

Vi Vi

If Vs # Vg for all K % J, then the vector
Vs is said to be unique.
Con-
16. The disclosure problem
The statistics released for an individual
object O does not contain the identifier /, §
as defined in section 4.2. This does not, '
however, mean that O, cannot be identi-
fiecd—the possibility of identifying O, is !
exactly the disclosure problem!® in the con- microstatistics some area
text of microstatistics. In order to illuminate
this point, we will return to the illustration

given in section 4.3.2.

Example No. 14
For this example, r = 16, corresponding to |

218 — 65,536

different vectors; not all of these vectors
may be associated with some object.

Let us consider the problem of identifying
(by name and adress) the husband in house- .
hold No. 1. We already know the following:

iionally infeasible in a real-life situation.

It is close at hand to ask a question such
s the following one: “Which frequency of
‘qqual vectors’ can one expect in a given
release of microstatistics?” The answer will

Datum Value of datum .
N s  resid Vireini dearly depend upon such factors as:
(2) I}a}';eo res11 ence Ulrli,nma i. the number N of objects in an area
(2) Urban/ rl.lra roan with identical vectors;
(3) Occupation Plumber

i. the number r of data released for each

i dditional values: . . . .
Consider now some additional values object; increasing r will tend to reduce

the frequency;

ii. the dependence between the data; this
factor may be discussed in terms of the
frequency of objects with X =1, ¥ = 1,
etc.

1o The disclosure problem as discussed here may
be viewed as a special case of the disclosure
problem associated with the release of macro- |
statistics. We will not elaborate on this aspect
here.
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G. TOWARDS A METHODOLOGY
FOR SDC

17. Retrospect and prospect

In part B of this report, we have suggested a
definition of statistical disclosure.

In part C, we have presented a theory of
statistical disclosure.

In parts D—F we have presented some
examples.

It remains to answer the question if these
elements can be integrated into a method-
ology for SDC which—while operationally
feasible—is compatible with the overall
objective of striking a reasoned balance
between “‘the right to privacy” and “the
need to know”, to use the succinct wording
in Barabba (1975).

In the present part G we will give a partial
answer to the question just cited. More
specifically, we will discuss two important
aspects of a methodology for SDC, viz.:

i. the criterion problem; and
ii. the techniques for control.

The discussion will show that while con-
siderable progress has been made towards
the development of an SDC-methodology,
much more remains to be done.

18. The criterion problem

The use of any methodology for SDC must

be guided by considerations of what is

desirable with respect to both focus and level
of the control.

A reasonable starting point is to discard
the notion of elimination of disclosure. Two
arguments for doing so are:

i. it would be unrealistic to aim at elimina-
tion: such a goal is not operationally
feasible;

ii. it would place unreasonable restrictions
on the kind of statistics that can be
released; it may be argued that elimina-
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tion of disclosure is possible only by

elimination of statistics.

What has just been said is in fact the
reason for our use of the term “statistical
disclosure control” rather than “prevention”
or ‘“‘avoidance”, which have also been
suggested.

Next, it seems necessary to make a minor
concession with respect to ““disclosure by
collusion”. The case with collusion involving
only two objects may clearly be dealt with
by some such rule as ““do not release results
for cells with 3 or less objects; the case
with collusion involving a ‘small’ number of
objects may be dealt with in a similar man-
ner. Collusion involving ‘many’ objects may,
however, be operationally untractable. As
pointed out in Hansen (1971), p. 52, the
U.S. Bureau of the Census accepts the view
that “it is not feasible to protect against
disclosure by collusion”.

The problem of developing a criterion
function for use in the context of SDC may
now be formulated as the problem of
specifying a function, which depends on the
amount of disclosure and the benefits of the
release. More specifically, we need two mea-
sures:

i. M = M(S;, E), the amount of disclosure
associated with the release of some
statistics S5 (F=1, 2, ..., k) and the
extra-objective data E; and

il. B = B(S;), the benefit associated with
the statistics .S;.

It would then be possible—in principle—
to use a criterion of the following type:

Maximize B for M = M,

where M, is some accepted level of disclo-
sure.

The construction of realistic measures M
and B will for sure not be easy. The diffi-
culties may, however, not be insurmount-

able: they are, by and large, similar to t:§
difficulties in the realm of total survey desig§
an area where significant progress has inde
been made in the last two decades. We vi %
be satisfied here to point to two areas, whe:f

some preliminary work has been done.

(1) In Bing (1972) and Turn (1976), tef
notion of “‘sensitivity” of data is di l'
cussed; what is an “‘acceptable” disf
closure should depend on the “sensiti: ]

ty”* of the data involved.

(2) Very little is as yet known about th
public’s attitudes to a variety of s f
in this area. Some efforts are, howeve |
being made to remedy this situation;:
study under the auspices of the Corf
mittee on National Statistics, the N §
tional Academy of Sciences, is wor§

special mention (Goldfield (1976)).

19. The means of control—systematics

Experience has shown that the surv g
statistician has some options when lookin; §
for means of control. It is helpful to consids §

two classes of options:
i. general-purpose means; and
ii. special-purpose means.
We will discuss these classes in sectio
20 and 21 respectively.

20. General-purpose means for SDC

This is a broad and heterogeneous class ¢ '.
means for SDC, among which we wif

briefly focus on two:
i. training of the statisticians; and

1i. use of sampling rather than comple: «:

coverage.

20.1. Training of the statisticians

Some statistical agencies have today speci ‘
training programs, which aim at improvin ]
the statisticians’ skill in identifying potentid §
disclosures and coping with such case
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Making ‘disclosure analysis’ of the tabula-
tions etc. a routine is likely to achieve a
similar effect.

20.2. Use of sampling

There are several reasons why use of

sampling rather than complete coverage

may have a beneficial impact. We will list
four specific reasons:

1. Use of sampling may release personal
and other resources for SDC, which else
would be used up for other purposes.

. Use of sampling leads typically to the
release of less detailed statistics.

3. Use of sampling means by necessity the

release of estimates instead of results
from a complete coverage thus adding an

(o)

element of approximation to the statistics
released.

4. Use of sampling reduces the options for
‘disclosure by collusion’.

21. Special-purpose means for SDC

*Special-purpose means’ are means which
are tailored to one or a few of the types of
disclosure identified in part C, section 7.

It is beyond the scope of this paper to
discuss the availibility of means for each
one of the (at least) 2°® = 64 types of dis-
closure identified; such a discussion will not
be undertaken for two reasons:

i. making the inventory of the technical
literature called for would represent a
volume of work which is beyond the
scope of this paper; it is better carried
out in the context of developing a manual
for SDC;

ii. assessing if a certain technique is or is not
“suitable” is premature: too little is as
yet known in this respect from the field
of applications.

We will be satisfied by giving an overview
of techniques available. This overview will

be
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able: they are, by and large, similar to the
difficulties in the realm of total survey design,
an area where significant progress has indeed
been made in the last two decades. We will
be satisfied here to point to two areas, where
some preliminary work has been done.

(1) In Bing (1972) and Turn (1976), the |

notion of “sensitivity” of data is dis-
cussed; what is an ‘‘acceptable” dis-

closure should depend on the “‘sensitivi-

ty” of the data involved.

(2) Very little is as yet known about the
public’s attitudes to a variety of issues
in this area. Some efforts are, however,

being made to remedy this situation; a |

study under the auspices of the Com-
mittee on National Statistics, the Na-
tional Academy of Sciences, is worth
special mention (Goldfield (1976)).

19. The means of control—systematics

Experience has shown that the survey
statistician has some options when looking
for means of control. It is helpful to consider
two classes of options:
i. general-purpose means; and
ii. special-purpose means.

We will discuss these classes in section
20 and 21 respectively.

20. General-purpose means for SDC

This is a broad and heterogencous class of

means for SDC, among which we wil

briefly focus on two:

i, training of the statisticians; and

ii. use of sampling rather than complete
coverage.

20.1. Training of the statisticians

Some statistical agencies have today special
training programs, which aim at improving
the statisticians’ skill in identifying potential
disclosures and coping with such cases,

Making ‘disclosure analysis’ of the tabula-
tions etc. a routine is likely to achieve a
similar effect.

20.2. Use of sampling

There are several reasons why use of

sampling rather than complete coverage

may have a beneficial impact. We will list
four specific reasons:

1. Use of sampling may release personal
and other resources for SDC, which else
would be used up for other purposes.

. Use of sampling leads typically to the
release of less detailed statistics.

. Use of sampling means by necessity the

[ 53
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release of estimates instead of results
from a complete coverage thus adding an
element of approximation to the statistics
released.

4, Use of sampling reduces the options for
‘disclosure by collusion’.

11, Special-purpose means for SDC

‘Special-purpose means’ are means which
are tailored to one or a few of the types of
disclosure identified in part C, section 7.

It is beyond the scope of this paper to
discuss the availibility of means for each
one of the (at least) 2% = 64 types of dis-
closure identified; such a discussion will not
be undertaken for two reasons:

i, making the inventory of the technical
literature called for would represent a
volume of work which is beyond the
scope of this paper; it is better carried
out in the context of developing a manual
for SDC;

ii. assessing if a certain technique is or is not
“suitable” is premature: too little is as
yet known in this respect from the field
of applications.

We will be satisfied by giving an overview
of techniques available. This overview will
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be carried out in sections 21.1—21.3,
parallelling the organization of the dis-

cussion in part C.

21.1. Macrostatistics: Counts

In example No. 1, the disclosure occurs

because the count in the “detail cell”

(health status 2, county C) equals the count

in the ‘““total cell”.

A disclosure problem of this kind may be
dealt with in various ways:

i. by combining health status
combining classes 1 and 2 would not
eliminate the disclosure but would have
a beneficial impact on the accuracy of
disclosure;

classes;

ii. by combining two or more counties,
“rolling-up”.

The disclosure problem in example No. 3
may be dealt with in a similar fashion. Other
possibilities are:

iii. by adding “noise” to some/all cells, by
way of ‘“‘random rounding”, “random
perturbation”, etc.;

iv. by cell suppression.

The discussion above concerns exact
disclosure. Problems of approximate dis-
closure must clearly be dealt with in a way
which takes into account the type of approx-
imation, as discussed in section 7.2.

1f, for example, we are facing a problem
of probabilistic disclosure, as in example
No. 5, we may use a criterion according to
which the disclosure is acceptable if

P, < P < Py

where Pr. is a lower limit and Py is an upper
limit. If P does not fall in this interval, we
may adhere to the use of some technique
discussed above.

S E-based disclosure may easily prove
to be a much more serious problem than
S-based disclosure: the statistician may not
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know about E, or—if he does—he may not
have the authority to control it.

Example No. 6 offers a challenge. The
straightforward means of control would be
to suppress (or ‘dilute’) those parts of the
documentation of the survey, which play
an instrumental role for the disclosure.
Doing so would, however, in many instances
limit the usefulness of the survey, and
perhaps seriously so.

Closely related to this issue is the question:
What to do about the rules used to suppress
information, should they be published or
not? Many statisticians do in fact re-
commend that the rules are not being
published, as part of the disclosure control.

The problem of internal disclosure, finally,
as discussed in example No. 8, may be
dealt with by means of a rule according to
which the count in any cell must not be less
than a critical number. In example No. 8,
this number might be at least 4, correspond-
ing to a “‘ruie of 4”.

i

21.2. Macrostatistics: Magnitudes R

Many of the disclosure problems in this
area may be dealt with along the same lines
as those discussed in section 21.1. We will
therefore be satisfied here by considering
some specific cases.

The problem of approximate disclosure
in example No. 10 may be dealt with by
changing the income classes: if the range of
the class “2,000—4,999” is too short, it
may be made wider, for example *““1,000—
4,999 or *“2,000—5,999”, or a combination
such as “1,500—5,499”,

The U.S. Bureau of the Census has used
an interesting ““rule of thumb” when dealing
with magnitudes: the size classes used for
releasing a magnitude X are determined as
follows:

XL = .75X; Xy = 1.5X

that is, the upper limit is twice the lows §

limit.

The problem of internal disclosure ills §
trated by example No. 13 may be dealt wih [
by a rule according to which no object mu 3
account for more than a fraction Q of txf
total; it remains, of course, to choose t§

“proper” Q-value!

21.3. Microstatistics

We venture the judgement that this is th }
area where it will prove to be most difficu: §
to get the disclosure problem under contro; f
this is due to the structure of the disclosu: §
problem, as discussed in section 16 wit :

reference to three factors governing th
frequency of “equal vectors”.

21.4. Some additional references

The discussion in sections 21.1—21.3 hx§
drawn upon several references not explicit 1

given, but listed in section 23, references.
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Korstabulering med utnyt
inform:

av avdelningsdirekt

Denna uppsats ger en kort beskrivning av
vad som avses med utnyttjande av supple-
mentdr information” vid korstabulering i
frekvenstabeller. Vidare ges nagra referenser
till aktuella metoder. Slutligen ges nédgra
exempel pa variansvinster, da tilldggs-(supp-
lementédr) information utnyttjas.

1. Inledning

Korstabulering av tva variabler x och y ar
en vanlig metod for att i en statistisk under-
s6kning beskriva sambandet mellan dessa
variabler. Ofta gors korstabuleringen utifran
sidana urvalsobjekt, for vilka virden pi
bada variablerna ar kdnda. I vissa situationer
har man emellertid tillgang till ytterligare
information om de variabler som skall
korstabuleras. Denna supplementira infor-
mation kan ibland utnyttjas vid korstabu-
leringen, dels for att fa vissa tabellvirden
att Overensstimma med annan statistik fran
t.ex. en totalundersokning och dels i syfte
att 6ka precisionen i de erhillna tabell-
vardena.

2. Exempel pa situationer med supplementiir
information
Ett exempel pa en situation med supplemen-
tar information dr en undersGkning, i vilken
virdet pa variabeln x registreras hos alla
objekt i en population, medan virdet pa
variabeln y endast registreras for ett urval
av objekt. Vid korstabuleringen kan man da
inte endast utnyttja informationen fran de




