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vels: what they could produce, what was required to
hold their jobs, and what they would have preferred.
He used the term “X-efficiency” to describe the in-
crement of the highest over the lowest. Of course,
the critical area involves not only the attitudes of sin-
gle workers but also how groups of workers, each ca-
pable of making his or her own choices and reacting
to the difference between the three identified levels
ot output, will influence the stint. Leibenstein han-
dled this set of interactions as illustrative of the well-
known Prisoners’ Dilemma problem.

Although X-efficiency underlay the reasoning in
Beyond Economic Man (1976), the idea, after being
ridiculed by the economist George J. Stigler in a 1976
article (to which Leibenstein replied in kind: “X-
Inefficiency Xists: Reply to an Xorcist”), was further
elaborated and fortified in General X-Efficiency The-
ory and Economic Development (1978), and in Infla-
tion, Income Distribution, and X-Efficiency (1980). It
culminated with Inside the Firm (1987).

See also: Economic-Demographic Models; Microeco-
nomics of Demographic Behavior.
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MARK PERLMAN

LEXIS DIAGRAM

Lexis diagrams play a valuable role in demographic
analysis by providing a highly effective visual lan-
guage for conveying information about the sets of
persons and events that are the basis of all popula-
tion statistics. The diagrams complement verbal de-
scriptions of these sets, which are often clumsy and
hard to grasp. The diagrams are named after the
German statistician and actuary Wilhelm Lexis
(1837-1914).

There are four principles of Lexis diagram rep-
resentation. First, a demographic event may be rep-
resented by a point on a coordinate plane whose co-
ordinates are the time at which the event occurred
and the age of the person to whom the event oc-
curred. Second, each two dimensional set in the co-
ordinate plane represents the set of events whose
representing points fall within its boundaries. Third,
a person may be represented by the straight line,
called a “life line,” connecting the points represent-
ing this person’s birth and death. Fourth, each line
in the coordinate plane represents the set of persons
whose life lines intersect this line.

Figure 1 illustrates each of these principles. Line
A is the life line of a person who was born at time
t and died, at exact age 3, at time ¢+3. Lines B and
C both represent persons who died during year t+1
at 1 completed year of age (i.e., at an exact age 21
and <2). Square abcd represents the set of all such
deaths, which divide into two parts: deaths of per-
sons who were age 1 in completed years at the begin-
ning of year r+1, represented by triangle acd, and
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deaths of persons who reached exact age 1 during
that year, represented by triangle abc. The set of per-
sons who reached exact age 1 (celebrated their first
birthday) during year ¢+1 is represented by line ab.
The set of persons who were age | in completed
years at the beginning of year t+1 is represented by
line ad.

The drawing and interpretation of Lexis dia-
grams is facilitated by two general methods. The
“method of extremes” consists of identifying ex-
treme cases, drawing lines or plotting points repre-
senting these cases, and connecting these points or
lines to obtain the desired representation. Referring
to Figure 1, for example, consider the set of persons
who reach exact age 1 during year ++1. The extreme
cases here are reaching exact age 1 at time +1 and
reaching exact age 1 at time +2, corresponding to
points a and b, respectively. The line ab connecting
these points is the desired representation.

The “method of intersections,” which applies
only to sets of events, consists of identifying an age
group, time period, and/or birth cohort, drawing the
representations of the groups so identified, and tak-
ing the intersection of these representations. Three
examples of practical importance are illustrated in
Figure 2, in which age groups and time periods of
equal length have been marked off.

Deaths occurring during the 5th time period to
persons in the 2nd age group are represented by the
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square, which is the intersection of the horizontal
strip A corresponding to the age group and the verti-
cal strip P corresponding to the time period. Num-
bers of deaths in such sets are the numerators of age-
specific death rates.

Deaths of persons in the cohort born in the 1st
period that occur when these persons are in the 2nd
age group are represented by the parallelogram with
sides parallel to the time axis, which is the intersec-
tion of the horizontal strip A representing the age
group and the diagonal strip C representing the co-
hort. Numbers of deaths in such sets are the numer-
ators of life table probabilities of death.

Deaths of persons in the cohort born during the
Ist period that occur during the 5th period are rep-
resented by the parallelogram with sides parallel to
the age axis, which is the intersection of the diagonal
cohort strip C and the vertical time period strip P.
Numbers of deaths in such sets figure in population
projection calculations.

The age axis in the Lexis diagram may be re-
placed by an axis representing time elapsed since any
event, such as marriage, divorce, or first birth, pro-
viding for description of a wider varicty of sets of
persons and events. The time axis most often repre-
sents calendar time, but diagrams for sample survey
data may express time as months or years prior to
interview. As the metric of age is elapsed time, units
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of time and age are represented by the same distance
on the two axes. It follows that life lines form a 45-
degree angle to the axes.

Lexis diagram representations apply to events of
all kinds, including births regarded as events occur-
ring to the mother, marriages, and divorces. The dia-
grams themselves do not indicate what kind of event
is represented, however. This information must be
supplied by context. The point representing any
event occurring to a person necessarily lies on the
life line representing this person. This obvious but
important fact serves to identify persons experienc-
ing particular events as members of various groups,
for example, as members of a particular birth cohort.

Life lines may be generalized to represent a per-
son’s membership in a particular population by re-
moving from the line those points corresponding to
periods when the person was not a member of the
population. These generalized life lines may be used,
for example, to represent persons in populations
that experience migration.

Different orientations of the Lexis diagram axes
may be used for different purposes. The orientation
shown above is most generally useful because it cor-
responds to the way tables of births and deaths are
arranged, with rows for events occurring at older
ages placed below rows for events occurring at youn-
ger ages.

See also: Demography, History of.
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GRIFFITH FEENEY

LIFE COURSE ANALYSIS

The life course approach is an interdisciplinary pro-
gram of study, under development since the mid-
1970s, which has been increasingly influential in de-
mographic research. It is concerned with explaining
how and when events such as leaving the parental
home, starting or dissolving a union, having a child,
migration, job entry and exit, and retirement are ex-
perienced. Life course analysis entails the collection
of life course data together with the (statistical) anal-
ysis of the timing of events (when do they happen?),
their sequencing (in which order do they happen?),
and their guantum (how many events happen?). The
focus of this article is on quantitative methods, al-
though qualitative life course analysis has also been
influential and is sometimes integrated with quanti-
tative research.

In their 1998 review of methods of life course
research, Janet Giele and Glen Elder identify the
chief elements that shape individual lives and that
are crucial for the analysis of life courses. These are:
individual development; history and culture (loca-
tion in time and place); and social relations (linked
lives). Parallel and potentially interdependent trajec-
tories of individual lives are the main units of analy-
sis, with the trajectories marked by events. These ele-
ments have natural counterparts at the macro level:
individual development lies behind the use of age as
the primary time axis; location in time and the idea
of linked lives suggest using a cohort approach to the
study of social change; history and culture empha-
size the importance of period and location.

Collection of Life Course Data

Quantitative life course data may be collected in sur-
veys, using either question lists or so-called event
history calendars. Retrospective collection of the
timing of events has become a standard feature of
most demographic surveys. Life course data can also
be obtained from panel surveys or other follow-up
surveys and from civil registration data.

In surveys, the timing of events is usually asked
within a roster of questions for each trajectory sepa-
rately and following a particular order. For instance,
the timing of events concerned with the relation-
ships within the family of origin would be asked be-
fore the timing of events on union formation and
dissolution. The quantum of events is collected in
the same context, while the sequencing of events is




