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Maximum Likelihood Estimates of the Singh-Maddala Distribution

level
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TABLE 4.

Male Engineers in the CPS

Real Weekly Wages Experience
number of between

engineers  female ’ below 15and30  above

year  insample engineers| average entropy | mean stdev. 15years years 30 years
% % % %
(1) @ (&) @ ©) (6) @ ®) ()
69 782 18.08 10.40 0.43 0.42 0.14
70 789 17.36 10.27 0.46 0.41 0.13
4l 800 18.49 10.48 0.42 0.44 0.14
72 669 18.54 10.79 0.44 0.39 0.16
73 629 18.51 11.38 043 0.38 0.18
74 646 19.11 11.42 043 0.38 0.19
75 637 18.86 11.27 0.41 0.41 0.18
76 670 634.51 0.0031 18.79 11.33 0.44 0.36 0.19
77 789 660.70  0.0037 18.26 10.67 0.42 0.43 0.15
78 776 0.01 647.66  0.0038 19.01 11.11 0.42 0.39 0.19
79 827 636.62  0.0040 19.00 11.37 0.44 0.35 0.21
80 992 645.31 0.0041 18.68 11.46 045 ' 0.35 0.20
81 963 643.96  0.0036 18.37 11.36 0.46 0.35 0.19
82 902 0.04 64353  0.0040 18.55 11.17 0.44 0.37 0.18
83 881 651.93  0.0042 18.49 11.53 0.47 0.34 0.20
84 891 0.06 636.86  0.0045 17.29 11.33 0.51 0.31 0.18
85 899 0.06 660.75  0.0046 1710 11.34 0.52 0.31 0.17
86 903 0.06 653.14  0.0043 17.12 11.06 0.50 0.35 0.1
87 872 0.07 681.01 0.0039 17.41 10.99 0.48 0.36 0.16
88 933 0.06 657.13  0.0042 17.05 11.05 0.49 0.36 0.15
89 829 0.07 663.99  0.0043 16.95 11.03 0.49 0.35 0.16
90 966 0.07 654.17 0.0042 17.44 10.51 0.46 0.39 0.15
91 935 673.55  0.0043 1780 1035 0.44 0.42 0.14

Notes:

Columns (1) and (3)-(9) from the March Current Population Survey.

See Appendix A for more details.

(1) = sample size for the experience statistics. Some not included in wage sample.
(2) = percentage of engineers that are women. Source: Statistical Abstract of the United States.

Experience = Age - Years of Education - 5.

however. In the early 1970s inequality both between and within levels of responsibility
increased. In contrast, inequality within job levels fell after 1976. The sharper increase
during the 1980s was driven exclusively by rising inequality between levels.

The share of employment within levels also goes through a cycle. Until the mid 1970s
the mnovogmou of jobs with high amounts of responsibility rose steadily, but since then the
profession has become leaner. By 1986 employment in the upper and lower levels returned
to their 1961 shares. The hierarchical structure in engineering flattened at the same time
that observers noticed a general “downsizing” of firms (Tomasko 1987).

Employment shares within levels reflect the change in the experience distribution,
as measured in the CPS. While the share of jobs at a level does not match the share of
engineers within a fixed range of experience, as the profession aged the share at low levels
fell. Since 1976 the profession has become younger and lower ranks have been replenished.
Both overall inequality and inequality between levels rise as the distribution of experience
becomes more disperse, but the relationship between aggregate experience and within-level
inequality is not obvious.

Workers acquire the ability to handle high responsibility mainly through experience,
so the data on level assignments reflect the substitution mo?qmmn old and young workers
within the firm. Traditionally, this substitution effect is found in the response of wage
profiles to demographics,? and rank within firms is usually unobserved. In the PATC data
we observe how, in aggregate, firms have adjusted to changes in both the demand and
supply of responsibility.

Compression of wages between levels can be caused by bottlenecks in responsibility
assignment, since the skill differential between workers at different levels falls. An increase
in the relative supply of young workers forces firms to hold back capable engineers because
not enough managers are available. Demand shifts can also cause this effect. For instance,
cheaper computers may let a flatter hierarchy handle the same-scaled projects, lowering
the demand for high responsibility jobs.

Since changes in the experience distribution and inequality between levels are corre-
lated, changes over time are partly driven by supply. The wage grap grew between levels
as the percentage of workers in high level jobs fell, so it appears that hierarchies did not
flatten in response to “responsibility-saving” technological change. Technology change is

still an important indirect cause of changes within engineering, because it helps determine

2 For example Freeman (1979) and Welch (1979).
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TABLE 1.

Summary of Employment Shares By Level
butions, however, have been limited. The PATC data confirm the basic predictions from

average minimum maximum ’ the theory: overall earnings are skewed and earnings rise with responsiblity. The litera-
level share share share ture gives little guidance for interpreting changes over time or disentangling responsibility
I* 0.37 0.31 0.44 . . . . -
* 0.29 0.26 0.31 wmm—mu.n.obe from macro changes, such as increased international competition.
H* 0.20 0.16 0.22 If it is useful to view responsibility as a mix of scope and scale, then the PATC survey
Iv* 0.10 0.08 0.11 is a good measure of responsibility within occupations and firms.® Since its inception the
v* 0.03 0.02 0.04 survey has been conducted by on-site interviews with personnel officers of large plants and
V|* 0.01 0.00 0.01
Source: The PATC Pay Survey Bureau of establishments. The officer and the interviewer assign jobs to an occupation and a level
Labor Statistics, 1961-86. of responsibilty. Within engineering the PATC survey uses eight levels, denoted I to VIII.
The use of Roman numerals to denote levels is awkward, but it indicates a strength of
the PATC survey: Responsiblity is not confused with job titles or with specific amounts
of training or experience.
TABLE 2. Jobs in the lowest three engineering levels receive close supervision. Jobs above level

Simple Correlations Between Employment Shares III usually entail supervising other engineers but may also involve carrying out large scale

level I* ™ * V* V* tasks independently. Because the distinctions among the lowest three levels are small com-
> -0.69 pared to the others, throughout this paper levels I - III are combined. To avoid confusion
i -0.76 0.11 with the orignial data, the result of combining levels I - III is denoted I*. The levels named
Iv* 092 0.47 0.75 - .
V* 0.97 0.60 0.77 0.92 IV through VIII in the PATC survey are then renamed II* through VI*, respectively. (In
VI* -0.92 0.65 0.66 0.83 0.94 some of the figures levels IV* through VI* are also combined for convenience.)

The description of each level has remained identical over the life of the PATC survey.
The descriptions are specific, but they are not tied to any technology, industry or organi-
zational structure. A synopsis of the job descriptions appears in Appendix A, as do notes
about the survey design. Although the job descriptions have not changed, the design of
the survey has. Until 1986 these changes are insignificant for the engineering data, but
after 1986 the survey was split into two biannual surveys. Rather than attempting to

combine the distributions, only data through 1986 are used.

III. Task Assignment and Wage Distributions

(1984). Indeed, as used here, “scale” and “scope” are meant to parallel Rosen’s use of
“authority” and “control”.

6 There is a clear tradeoff between aggregate measures of job content and disaggregate
measures such as those found in the Diclionary of Occupational Titles. See, for example,
Howell and Wolff (1991). Within a group of similarly trained technical workers such
as engineers, aggregate measures that reflect relative rank within the firm are probably
preferable than lists of specific skills used on the job.
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Engineers Between 15 and 30 Years Experience

istribution and 90% Confidence Intervals

Years Experience
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Engineers ¥ith Less Than 15
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leading to an increased gap between earnings at different levels. The top of the capped
lines between medians is the 75'* percentile of the salary distribution of the lower level.
The bottom of the line is the 25** percentile of the upper level. A longer line in a year
indicates more overlap between the middle 50% of adjacent distributions. In years where
no owE.uoa line appears, there is no overlap. The salary distributions for level I* and IT* are
closer than between higher levels, so the uncapped lines represent the overlap of the 90t
and 10** percentiles of these distributions. The overlap between levels is large in the early
1960s. It shrinks and then expands in the early 1970s. By the 1980s salary distributions
within upper levels were very distinct.

Because the data in the PATC survey are grouped by income class, to measure changes
in inequality it is necessary to infer more about the salary distributions. To this end,
the Singh-Maddala distribution was estimated on the empirical salary distribution for
each level and year. Singh-Maddala is a three-parameter distribution that fits income
distribution data well and compares favorably to four-parameter families that are more
difficult to estimate.®

The Singh-Madala distribution and density take the form:

1
M.Aﬂgn:bugﬁwv =1- a
aya2a3z% !
(1 + ayzea)®~?

where x is income and each a; is a positive parameter. The parameter a; scales the

f(z;a1,a2,a3) =

distribution but does not affect unitless values such as the Gini coefficient. The moments
and Gini coefficient of the Singh-Madala family have closed forms, so besides providing a
good fit it is easy and reliable to estimate separately for 6 levels and 26 years.

The maximum likelihood estimates are reported in full in Table 5 of Appendix B.
The parameters themselves lack an economic interpretation. More important is whether
the Singh-Maddala distribution describes the data well enough to trust results based on
the parameter estimates. Since the data are grouped by income, the most general, and
least informative, model is a simple multinomial distribution over income categories. If
the Singh-Maddala distribution compares favorably to the multinomial then using a more

flexible but more difficult distribution is unlikely to change the conclusions.

8 See Singh-Madala (1976) and Macdonald (1984). Beach and Davidson (1982) develop
a distribution-free approach to estimating the Lorenz curve. Without micro data, however,
it requires interpolating the distribution for points between salary intervals, which amounts
to fitting a curve.



Earnings Inequality Within Levels of Responsibility

Figure 7.
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overall entropy

Measures of Overall Earnings Inequality

Figure b.

0.035

0.029

-0.336

~0.295

year

(o]

A

entropy

gini coefficient

gini coefficient

the family of generalized entropy measures.!® The values for the aggregate distribution
are shown in Figure 6. Greater entropy or a larger Gini coefficient correspond to more
unequal sharing of total earnings. The rankings of different distributions can disagree,
and they do disagree during the 1960s, as Figure 6 indicates. Entropy was falling during
this SBM., while the Gini coefficient rose. This disagreement can oocur when the middle
and tail sections of the distribution behave differently, because the entropy measures place
more emphasis on the tail behavior than the Gini coefficient. Apparently the tails were
becoming more egalitarian, and this is suggested by Figure 3 in which the distribution at
level VI* appears to be pulled up by its peak between 1961 and 1970. The two measures
of inequality agree past 1974. From this year on both values stabilize, drop slightly in the
late 1970s, and then rise sharply in the 1980s.

Unlike the Gini coefficient, entropy can be decomposed by sub-groups, which will
be done by responsibility levels. It turns out that within levels the two measures agree
qualitatively over the whole period 1961 to 1986. Only entropy will be discussed from this
point on.

Figure 7 shows the path of entropy within each level of responsibility. In contrast to
the aggregate values in Figure 6, inequality did not rise within levels during the 1980s.
Indeed, inequality within levels has tended to decline since 1961. Except for level I*,
entropy in all levels is at or near its minimum by 1986. Most levels, except VI*, saw their
greatest declines during the 1960s. The cycle in inequality is longer than the business
cycle. And while median wages (Figure 4) seem to suffer for six years from the 1974 oil
shock, wage dispersion continues an earlier trend for two more years and then drops even
during the sharp rise in real wage levels during the 1980s.

Inequality in level I*, which includes new and non-manager engineers, behaves some-
what differently than in upper levels. Here entropy fell then rose sharply until 1976, fell
again, and finally rose slightly in the 1980s. For most levels the year 1976 seems to be a
year of change. This corresponds in Figure 1 to the point at which level I* employment
begins to recover. Within lower levels, increases in entropy stalled and reversed, while in
level VI* entropy suddenly dropped.

Within-group entropy contributes directly to aggregate entropy, so the discrepancy in

theif behavior is caused by two additional factors: changes in the gaps between earnings

10 The entropy measures depend upon a parameter that can range between 0 and 1. The
choice of the parameter has little effects for this data, so only values for the parameter set

to .5 are reported. See Appendix B and the sources cited there for a fuller discusion.
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FIGURE 5.
Fitted and Actual Distributions
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Table 4 reports entropy in the weekly salaries for full-time engineers in the CPS
since 1976. The data before 1976 behave quite differently, most probably because of the
imputation method used before 1976 (Lilliard and Welch 1986). The entropy measure is
calculated using only records without allocated earnings. Since 1976 the data suggest that
overall F_on:w:av. within the profession was on the rise, and perhaps reached a peak in the
mid 1980s.

The connection between experience and employment shares within levels is clear.
Around 1976, both level I* employment and the share of inexperienced engineers start to
rise. Employment in level VI* drops off rapidly after 1980, corresponding roughly with
the drop in high experienced engineers. The link between experience and overall earnings
inequality is also fairly clear. From 1970 the number of engineers with extreme (high or
low) experience rose as did overall inequality. Later the increase was more at the low end,
and this seems to have had a greater effect on inequality. The link to within-level earnings
inequality, however, is not so clear. For instance, the drop in dispersion at most levels in

the early 1970s occurs when the experience distribution is only changing gradually.

Interpretation

The co-movement of wage dispersion and the experience distribution can be reconiled
with a simple model in which the skill to handle highly responsible jobs is accumulated
primarily through experience. The supply of low-skill engineers was near its nadir in the
early 1970s. This created pressure for firms to hold engineers back in level I* until the
upswing six years later. This bottlneck in assignment increased the skill differential of
those placed in level T*. After 1976, the bottleneck subsided and inequality within levels
fell again. The fact that it started to fall in all levels (Figure 7) suggests that the new
experience distribution allowed firms to better sort workers between levels, creating less
within-level inequality and more between.

These patterns rule out one type of technological change as being the dominant force.
Advances in computing and trends in management philosophy both encourage team pro-
duction, in which decisions are made nearer the base of an organization. This creates a
bias against high responsibility jobs. Projects that previously required large hierarchies
can and are encouraged to be be done with flatter, more egalitarian structures. Engineer-

ing should be very responsive to such changes, since it relies on computing power and

maturity and the baby-boom cohort began its professional infancy.
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FIGURE 3.
WAGE DISTRIBUTIONS BY LEVEL AND YEAR
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Appendix A. Details of the Data

PATC Survey

Below are summaries of the definitions of levels for engineers in the PATC survey.

Full job descriptions appear in an Appendix to the survey each year. In most cases below

the wording in the survey is used.

Level 1
Level II

Level III

Level IV

Level V

Level VI

Level VII

Level VIII

Performs routine tasks and receives close supervision.

Performs routine tasks and applies standard techniques. Assignments are
screened for unusual problms. May supervise technicians or draftsmen.

Evaluates and applies standard techniques. Receives instruction on objec-
tives. May supervise technicians or draftsmen.

Plans and conducts work requiring judgment and adaptation of techniques.
Receives general guidance. May supervise a few engineers or technicians.
eSupervises work substantially at level IV; or

eCarries out complex or novel assignments independently; or

eDevelops and evaluates plans for projects carried out by others.
eSupervises large number of projects or responsible for entire engineering
program of a company which is of limited complexity; or

eConceives and conducts research in areas of considerable scope; or

eServes as technical specialist for organization. Keeps abreast of new meth-
ods for purpose of recommending changes.

If a manager, then plans, organizes and supervises work of staff of engineers

and technicians.

eResponsible for important segment of engineering program of company with
extensive requirements or of entire program of a company, requires several
subordinate teams;or

oRecognized leader and authority in the company in broad area, selects
research problems to further the company’s objectives.

If a manager, then directs several subordinate supervisors.

eResponsible for important segment of extensive engineering program of a
company or the entire program of moderate scope; or

eFormulates and guides the attack on problems of exceptional difficulty; or

eSupervises several subordinates whose positions are comparable to VII or
some individual researchers at level VIII.

Level III is the typical entry level for a person with a B.A. Level VI is the entry level for
a Ph.d., but no level requires a certain amount of education.

12



Figure 1.
Employment in Engineering By Level

Figure 1.2 Employment Levels

Figure 1.1 Employment Shares
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Appendix B. Statistical Appendix

Tables 6 and 7 fully report the maximum likelihood estimates of the Singh-Maddala
parameters and the fit of the estimates. This appendix also gives the formulas for the
inequality measures used in the text. See Macdonald (1984) and Jenkins (1991) for more
details.

The Gini coefficient is the area between the Lorenz curve and the cumulative distribu-
tion for a perfectly equal distribution of earnings, or the case when x% of the population
receives x% of total earnings. For the Singh-Madala distribution, the Gini coefficient has
a closed form in the I' function:

LM 1 I'(a2)T'(2a3 — alw
H,Aﬂw | aalnvﬁ_ﬁwnwv

Entropy within a distribution is defined using fractional moments of the distribution:

Eo=— \vaal_zsg

a?—-a

where y is the mean of the distribution, f(y) is the density of earnings, and a is a parameter
that can take on values between 0 and 1. As o goes to 0, the E, approaches the coefficient
of variation, and as a goes to 1, E, approaches Teil’s measure of inequality. For the
Singh-Maddala distribution, E, can be written as

u ?19\8 H.C+Q\nuvﬁ?ul9\§vl H”_
a?—a'? peT(a3) )

As stated in the text, the value of « had little effect on the values of E, for the PATC
data. Values used in the paper are for a = .5, and from now on the subscript « shall be
dropped.

Entropy across all levels of responsibility can easily be calculated using entropy within

E, =

levels and the shares of employment. That is, let 7;; be the share of employment at level i
in year ¢ and let mm.._ be the maximum likelihood estimate of a; in level j and year t. Also,
let p;; denote the estimated mean wage in level 7 year ¢ and let y; denote the overall mean.
Then if E** denotes entropy in level i year ¢, aggregate entropy in year ¢ is given by:

== > ray[PL[E 4 1) + 2
#.HT ! B 4

No such decomposition exists for the Gini coefficient. The aggregate Gini coefficient
must be computed numerically from the estimates for each level. To this end the aggregate
earnings distribution, as a mixture of the distributions at each level, must be defined. The
aggregate distribution of earnings in year t is

Vis
Gi(z) = MU mF(z; 6l a3, ol

i=I=

and the density is
Vis

a(z) = Y muf(=;al, a5, 65).

=l
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