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PREFACE

This report explores the quality of U.S. enlisted personnel in the first term of service.
The measure of quality in the report extends the customary definition of quality—i.e.,
high school diploma graduate and scoring in the upper half on the Armed Forces
Qualification Test (AFQT)—to include performance as indicated by speed of promo-
tion during the first term. We find that a large amount of information about a service
member’s quality is revealed during the first term. Our research suggests that future
assessment of personnel quality and of policies that affect quality should employ
measures of quality that reflect both entry-level measures and performance in ser-
vice. According to the measure of quality developed in the report, the services retain
higher-quality members although they tend to lose members with higher AFQT
scores.

The report was prepared under the sponsorship of the Office of Under Secretary of
Defense for Personnel and Readiness. The research was conducted within the Forces
and Resources Policy Center of RAND'’s National Defense Research Institute, a fed-
erally funded research and development center sponsored by the Office of the Secre-
tary of Defense, the Joint Staff, the unified commands, and the defense agencies.
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SUMMARY

The traditional measures of enlisted personnel quality are high school diploma grad-
uate (HSDG) status and Armed Forces Qualification Test (AFQT) score. These mea-
sures are valid predictors of the completion of advanced individual training and of
nonattrition; they are available prior to service and so are useful in recruiting. How-
ever, because they are entry-level measures, they contain no information about a
member’s quality as it is revealed “on the job.” The intention of this research is to
present and apply a novel method developed by Ward and Tan (1985) that expands
the measure of quality to include information about a member’s performance as it is
revealed through promotions.

To establish a conceptual basis, we present a model of employer learning about em-
ployee quality. In our context, “quality” is understood as the quality of the job match
between the member and the military. The quality of the match may depend on the
member’s ability, effort, and taste for the military; it is not a measure of ability alone.
The promotion process reveals quality by establishing criteria that apply to all mem-
bers and by promoting faster those members who are soonest to meet and surpass
the criteria. Thus, the member’s speed of promotion relative to that of peers is a
yardstick of a member’s quality. To establish the notion that quality is a persistent
characteristic, not just a one-time, random-speed promotion outcome, we present
descriptive information showing that members who are faster to pay grade E-4 are
also faster to pay grade E-5, holding AFQT score constant.

Our application of the Ward-Tan quality model has three structural equations. The
first equation states that quality is a function of AFQT and a member-specific quality
factor. The second and third equations state that the E-4 and E-5 promotion-hazard
functions depend on quality. A promotion-hazard function indicates the probability
of being promoted at time ¢ given that one has not yet been promoted. The func-
tional form allows the promotion-hazard function to shift upward or downward with
the level of quality, and we expect higher quality to shift the promotion hazard up-
ward. The higher the promotion-hazard function, the shorter the expected time to
promotion. Although we cannot directly observe quality and its individual compo-
nents, we can estimate the full model by means of the action of quality on the pro-
motion hazards. Using the estimated model, we can compute the expected value of
the individual quality component and also compute the member’s overall quality.
The computation can be done for each member for each month of the first term.
Thus, like the AFQT score or the HSDG status, the estimated quality is member-
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specific. Moreover, its value is updated in a way that depends on the member’s pro-
motion speed relative to that of the member’s peers. The updating process imple-
ments the notion of learning about quality while a member is on the job. This report
describes the empirical model in detail.

We applied the model to a specially constructed longitudinal data set of all enlisted
members joining the military between fiscal year (FY) 1979 and FY 1992. Because
promotion tempos differ over time, among specialties, and among the services, we
estimated separate models by specialty and service for each cohort in which the
number of members in the specialty was large enough to permit estimation (roughly,
500 or more members). Whereas Ward and Tan estimated eight models (two special-
ties per service for the 1974 cohort), we estimated 334 models over 14 cohorts.

We addressed three questions with the estimated models. First, is AFQT score posi-
tively related to the member’s overall quality, as expected? We find this to be true in
nearly all cases. Second, what is more important with respect to overall quality, the
contribution of AFQT or the contribution of the member-specific quality factor? We
address this question by considering the variance of overall quality; we partitioned
this variance into the variance from AFQT and its effect on quality and the variance
from the member-specific quality factor. We find that on average across occupations,
the member-specific quality factor accounts for 92, 54, and 87 percent of the variance
in overall quality for the Army, Air Force, and Marine Corps, respectively. AFQT ac-
counts for the remainder. The importance of the member-specific quality factor is in
line with theoretical literature (e.g., Gibbons and Waldman, 1999) that assumes or-
ganizations have imperfect knowledge about employee quality but can learn about it
from the employee’s performance on the job. Third, are higher-quality members
more likely to reenlist? The answer is yes, and this is so despite the fact that AFQT by
itself typically has a slight negative relationship to reenlistment. Our research indi-
cates that by the end of the first term, members have sorted themselves into civilian
and military careers based on the quality of job match as revealed over their term.
Members with a higher overall quality of job match with the military tend to stay in
the military, whereas those with a lower quality of job match tend to leave.

Because we estimated quality from information on a member’s promotion speed
relative to peers, the validity of the finding that the military tends to keep its high-
quality members depends on the validity of the promotion system in identifying
those members. We have not conducted a separate study to validate promotion as a
measure of job performance. We proceed on the assumption that promotion criteria,
which involve duty performance, skills and knowledge, physical fitness, awards and
decorations, and education, are useful indicators of quality. We think the member-
specific quality factor depends on a member’s ability, effort, and taste for the mili-
tary; the quality of job match does not reflect ability alone. However, if quality de-
pends on ability, effort, and taste, the military might be concerned that high-quality
members stay mainly because of their taste and effort and not because of their abil-
ity. But this seems unlikely. We know that promotion depends on performance on
duty and on the acquisition of skills and knowledge. We expect members with high
taste for the military to exert more effort to acquire skills and knowledge and to per-
form well on duty. Regardless of their taste for the military, members with high abil-
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ity can presumably acquire more skills and knowledge and perform better with a
given amount of effort.

We also hypothesize that ability and taste for the military are not correlated. If our
hypothesis is correct, both high- and low-ability members may have high taste and
high effort, but those high-taste, high-effort members who also have high ability will
be promoted faster. There is thus no reason to suspect that the members we estimate
to be high-quality are mainly high-taste, high-effort, low-ability members.

If taste and ability were negatively correlated, it is possible that members estimated
to be high-quality would also tend to be low-ability—but again this seems unlikely.
AFQT score is an observed measure of ability, and it seems reasonable to expect a
positive correlation between AFQT score and unobserved aspects of ability. Yet as
mentioned, there is only a slight negative relationship between AFQT and reenlist-
ment, and high-AFQT members do not leave en masse. By the same token, if AFQT is
positively correlated with other aspects of ability, there is little reason to suspect that
only high-taste, high-effort, low-ability members remain in service. It seems more
likely that the high-quality members who reenlist tend to have high taste, high effort,
and at least reasonably high ability.
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Chapter One
INTRODUCTION

WHY A NEW MEASURE OF QUALITY?

In this research, we present and apply a method that can be used to increase
the amount of information available on the quality of enlisted personnel. Policy-
makers and analysts have traditionally relied on two measures of enlisted personnel
quality—high school diploma graduate (HSDG) status and Armed Forces Qualifica-
tion Test (AFQT) score. These measures have the advantage of being available at the
time of entry into military service, and they are valid predictors of completing train-
ing, completing the first term of service, and performing well on written and hands-
on tests of skills and knowledge. But although they are valid predictors, they do not
provide information about actual performance during the first term. Just as high SAT
scores do not guarantee academic success, high entry characteristics do not mean
that members will perform well in service. Furthermore, some members who enter
with lower entry characteristics may prove to be high performers in the service. The
method we present offers a means of incorporating information about first-term
performance into the measure of enlisted personnel quality.

Our information comes from the promotion system. To extract this information, we
extended the work of Ward and Tan (1985), who adapted the multiple-indicator,
multiple-cause (MIMIC) model formulated by Goldberger (1972). The promotion
system bases advancement on criteria that reflect acquired skills and knowledge,
physical fitness, duty performance, awards and decorations, and education and
training. Members who attain and surpass the criteria more rapidly are promoted
faster than their peers. Thus, the relative speed of promotion can be used to infer
information about a member’s quality. Because promotions refer to a member’s
progress within the military, the dimension of quality revealed by promotion
concerns the quality of a member’s job match to the military. This is different from
an AFQT score or a high school diploma, which are not job-contextual measures of
quality. We think of AFQT and education as general measures of quality, and
performance on the job (in our case, as revealed by promotions) as a measure of the
quality of the match between the individual and the organization.

The new measure of personnel quality has a number of applications. It can be used
to determine whether members with a higher quality of job match to the military are
more likely to be retained by the military. This report examines first-term reenlist-
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ment, and future work will address retention and promotion beyond the first term.
The new measure can also be used to determine whether members with a high qual-
ity of job match to the military are more likely to reach positions of higher rank and
greater responsibility. Because the quality measure is member-specific, particular
occupations—e.g., medical, aircrew, communications, weapons, intelligence—can
be studied intensively. Finally, the new measure can be used in policy analyses to de-
termine whether a policy has a different effect on members with a high quality of job
match than on members with a low quality of job match. Possible policy actions
might include changes in pay, reenlistment bonuses, education and training oppor-
tunities, promotion speed, and work intensity.

JOB HIERARCHIES AND IMPERFECT INFORMATION ABOUT WORKERS

We assume that an organization has a hierarchical structure and that its workers may
progress up the structure depending on their skills, knowledge, leadership, ability to
communicate, ability to work in teams, reliability, and judgment. Each of these char-
acteristics is a form of human capital that can be increased through investment and
can depreciate through obsolescence or disuse. We assume the acquisition of human
capital is positively related to a worker’s education, training, and experience and
further, that human capital can be acquired more rapidly if ability and effort are
higher. Generally speaking, any organization wants to attract workers with high abil-
ity and a high willingness to exert effort. It wants its compensation and personnel
management policies to induce these workers to remain with the organization, exert
effort, and strive to progress up the job ladder—and it wants to place the most capa-
ble workers in the highest positions (Lazear and Rosen, 1981). Because ability and
willingness to exert effort are difficult to observe and measure, entry-level screens
such as AFQT and HSDG result in imperfect information. More information, how-
ever, can be obtained from measuring performance on the job. Furthermore, the
worker might not know at the outset how much effort he or she is willing to exert on
the job. Although this may depend on the organization’s compensation structure and
personnel management practices, the amount of satisfaction the worker derives from
the job may be equally important. The level of effort the worker needs to exert for the
job may also depend on the worker’s aptitudes for the job, which might be imper-
fectly known to both the worker and the organization at the outset.

Gibbons and Waldman (1999) recognized that organizations have imperfect infor-
mation about workers. Their objective was to determine a small set of theoretical
building blocks sufficient to explain wage and promotion dynamics in large, hierar-
chical firms (Baker, Gibbs, and Holmstrom, 1994a,b). They could do so only when
their model allowed for learning about “ability” through performance on the job. We
discuss the Gibbons and Waldman model further in Chapter Two.

IMPERFECT INFORMATION ABOUT RECRUITS

The military, like other large organizations, screens its recruits. Would-be recruits
may be screened out by mental, moral, or medical factors. Among recruits, those



Introduction 3

| who have a high school diploma and who score in the upper half of the AFQT score
distribution are termed high-quality recruits. '

High school diploma graduates are far more likely than high school dropouts to
complete their first term of service (see, e.g., Buddin, 1984; Antel, Hosek, and Peter-
son, 1989). Compared with dropouts, high school graduates have been described as
having the “stick-to-it-iveness” to complete initial training, advanced individual
training, and first-term duty assignments. Yet high school graduation status is a lim-
ited measure. It provides no information on the quality of the high school or the in-
dividual’s curriculum, grade point average, class rank, and aptitudes.

The services use the Armed Services Vocational Aptitude Battery (ASVAB) to measure
aptitudes. Because the ASVAB was normed on a representative sample of youth, the
scores of test-takers can be compared with one another. The ASVAB contains ten
subtests: General Science, Arithmetic Reasoning, Word Knowledge, Paragraph Com-
prehension, Numerical Operations, Coding Speed, Auto and Shop Information, Math
Knowledge, Mechanical Comprehension, and Electronic Information. The AFQT
score equals the sum of the standard ASVAB scores on Arithmetic Reasoning and
Math Knowledge, plus twice the sum of the standard scores on Paragraph Compre-
hension and Word Knowledge. Broadly speaking, the AFQT score reflects verbal and
quantitative aptitudes.! The AFQT was designed to screen for persons not likely to
complete training within a reasonable time.2 Analyses have also shown that AFQT
score is related to proficiency in operating complex weapons systems such as tanks
(Baldwin and Daula, 1985), the Patriot missile (Orvis, Childress, and Polich, 1991),
and multichannel communications equipment (Winkler, Fernandez, and Polich,
1992).

Despite the information about quality provided by HSDG and AFQT, we can see the
importance of additional aspects of quality by looking at first-term promotion
curves. Enlistees move through the first three ranks—E-1, E-2, and E-3—at virtually
the same pace, so we focus on promotion times to E-4 and E-5, which vary among
individuals. As Ward and Tan reasoned, if fast promotion to E-4 indicates only a ran-
domly good outcome, it should be unrelated to the time to E-5 promotion. But if it
were caused by an unobserved component of quality, it should be associated with a
shorter time to E-5 promotion. Figure 1.1 makes this comparison. It plots the per-
centage of E-4s who have been promoted to E-5 against the number of months in
E-4. Personnel are divided on quality, where the high-quality group contains
members who have a high school diploma and score in the upper half of the AFQT
score distribution, and the low-quality group contains the remainder.3 Personnel are
further grouped into “fast” or “slow” to E-4—i.e., shorter or longer than the median

1 This discussion draws from unpublished 1998 RAND work by Lee Lillard and Rebecca Kilburn on “Ability
and Sequential Schooling Choices.” Standard scores have a mean of 50 and standard deviation of 10. Prior
to 1989, the AFQT score equaled the sum of the raw scores on Word Knowledge, Paragraph Comprehen-
sion, and Arithmetic Reasoning, and one-half that on Numerical Operations.

2Lillard and Kilburn also cite studies by Karpinos (1966) and Eitelberg et al. (1984) to this effect.

3In 1995 the percentages of recruits who were high-quality were as follows: Army, 64 percent; Navy, 60;
Marine Corps, 62, and Air Force, 82. The percentages for 1988 were 59, 52, 64, and 81, respectively
(Population Representation, 1996).
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Figure 1.1—Cumulative Percentage Promoted to E-5 by Speed to E-4, 1988 Army Cohort

time of those in their entering cohort who reached E-4. As seen, high-quality
personnel are promoted to E-5 sooner than low-quality personnel. More to the point,
holding quality constant, those promoted fast to E-4 are also promoted fast to E-5.
Ward and Tan found a similar relationship in their 1974 data. This relationship
implies that additional information about quality is revealed on the job and is
reflected in relative time to promotion.

GUIDE TO THE FOLLOWING CHAPTERS

Chapter Two discusses Gibbons and Waldman’s work on internal labor markets and
the use of output data to learn about a worker’s quality. It also reviews studies of
military promotion and presents charts of promotion patterns in the services.
Chapter Three compares the military context to that of a large private organization,
arguing further that military promotion data contain information about a member’s
quality. This chapter also presents Ward and Tan’s model of quality and discusses
how to apply it to estimate a member’s quality. Chapters Four and Five describe our
econometric application of the model and report estimates of model parameters.
Chapter Five also provides estimates of the proportion of variance in overall quality
that comes from variation in the component of quality estimated through
promotions, i.e., through the quality of job match as opposed to AFQT score. Chapter
Six presents our conclusions. Appendix A discusses standardization and comparison
of the quality measure across cohorts, occupations, and services, Appendix B gives
detailed analysis tables supporting the findings in Chapter Five, and Appendix C pre-
sents the estimated parameters for 334 models over 14 cohorts.



Chapter Two
. PREVIOUS STUDIES AND PERSONNEL QUALITY INDICATORS

In this chapter, we review literature from two areas of study: (1) the wage and pro-
motion dynamics of internal labor markets, where we concentrate on the paper by
Gibbons and Waldman (1999), and (2) promotion in the military. Gibbons and
Waldman (hereafter, GW) argued that the process of learning about worker ability
must be a part of any model capable of explaining the features of wage change and
promotion observed in internal labor markets. Although findings in empirical work
were the motivation for their model, none of the studies they survey produces esti-
mates of the importance of learning about ability. Our analysis of military promo-
tions produces such estimates, although—unlike GW—we interpret our results as re-
flecting the quality of job match between the member and the service rather than
“ability.” Because we analyze military data, we survey a number of studies of military
promotion. However, with the exception of Ward and Tan (1985), these studies did
not estimate learning about quality.

We also present charts on military promotion. The charts illustrate how promotion
speed differs by military service, by cohort, by occupation, and by AFQT, though
much less so by HSDG. The lack of a relationship to HSDG occurs because most en-
listed personnel are high school graduates, making it difficult to observe much dif-
ference between HSDG and non-HSDG personnel. The fact that promotion speed
differs by service, cohort, and occupation means that in applying a model that de-
pends on a member’s promotion speed relative to the promotion speed of peers, we
should group the data by service, cohort, and occupation. Our model includes AFQT
as an explanatory variable.

INTERNAL LABOR MARKETS

Gibbons and Waldman summarized the findings of empirical research on internal
labor markets. They identified Baker, Gibbs, and Holmstrom (1994a,b) (hereafter,
BGH) as the most comprehensive empirical assessment of wage and promotion out-
comes in internal labor markets in private organizations. Because the findings in
BGH are consistent with the findings of other empirical studies that are narrower in
scope, GW focused their discussion on BGH. BGH found the following:

e Real wage decreases occur infrequently, and demotions are rare.

e A worker’s wage increases are serially correlated, as are promotion speeds.
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e A worker who receives a large wage increase early at one level of a job ladder
tends to be promoted more quickly to the next.

e A worker promoted from one level of a job ladder to the next is likely to come
from the top of the lower job’s wage distribution and likely to enter the bottom of
the upper job’s wage distribution.

GW sought to determine what features enable a theory of the wage and promotion
dynamics of internal labor markets to generate a range of implications consistent
with the empirical patterns documented in BGH. GW proved that, in the context of a
large organization with an internal labor market characterized by a job ladder, three
features can make such a theory of job assignment possible:

¢ assignment based on effective ability
¢ human capital acquisition

e symmetric learning about worker ability.

More specifically, GW developed a model in which workers have innate ability, effec-
tive ability, and an individually observable output that depends on the assigned job
and the worker’s effective ability. In this model, the process of learning about ability
can be described as follows. Each person is assumed to be of either high innate abil-
ity 6" or low innate ability 6. High innate ability occurs with probability py and low
innate ability occurs with probability (1-pg). The effective ability n;, of person i at
time ¢ depends on innate ability and prior experience: 7; =6;f(x;;).! Experience,
denoted by x;, represents the acquisition of human capital. The person’s output is a
function of the job characteristics, the person’s effective ability, and a random factor:
Yije =dj+c;j(n; +¢€;). Here, d; and c; reflect job characteristics, and the job ladder
is such that higher-rank jobs have lower intercepts d; and higher returns c; to effec-
tive ability. The random term is assumed to be normally distributed N (0 62) and
independent of effective ability. The signal about the worker’s effective ability in
period ¢ is z;; =(yjj; —d;)/ c; =1y +€;;. GW referred to this signal as normalized
output; z; adjusts the worker’s observed output for the effect of job characteristics
d; and c;. More generally, we see that the firm is assumed to be able to abstract from
the characteristics of the job and perceive the “filtered” signal 7;, +¢;;;. Learning
about the worker’s ability is assumed to be symmetric in the sense that all firms can
observe the worker’s normalized output and competitively bid for the worker’s
services once the signal is observed. The worker’s wage can change from period to
period as a result of the bidding; to retain a worker, a firm must adjust its wage to
meet the bids of other firms. Although in practice other firms would typically not be
able to observe the signal of the worker’s output, the worker would have an incentive
to spread that information to the other firms. The incentive comes from knowing
these firms would bid for the worker’s services. Since the worker’s own firm knows

1GW did not model effort, but presumably effort affects the effective amount of experience accumulated
. . . y . . . p . Ky

per unit of time. Since GW measured experience only by the passage of time, differences in effort will be

reflected as differences in “ability” in their model.
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the worker can do this, the firm has an incentive to pay the worker enough to avoid
losing the worker to the other firms.

Although firms do not know a worker’s innate ability, they can estimate the probabil-
ity that the worker has high innate ability from signals on the worker’s effective abil-
ity. Following GW let z* represent the signals received in the previous x periods,
and let p(@= 0" | z*) be the probability that the worker has high innate ability given
z* . By Bayes’ Theorem, the posterior probability of high innate ability given the next
signal z;; is

p©=6"2")hizy, - 0" fx))
p©O=6"|2%)(z; — 6" f(x;,))+(1-pO =" | 2 Nhlz;; — 6L F (x;)

pO=6%|2%,2;)=

where h is the density of &;;, i.e., N (0,62). As seen, the value of g that enters the
density in this calculation depends on whether the worker is high-ability or low-
ablhty For instance, if the worker is high-ability, then &, =z;, 6" f(x;;). The term
pe= 6" | z*) is the estimate after x periods of the probability that the worker is high-
ability; the initial value of this probabrhty is pg. If the llkehhood h(z; —6 f (x;)) is
greater than the likelihood h(z;; -6 f(x,t)) then p(@= 6" |z%,z;;) will be greater than
pe=6"z%).

The posterior probability can be used to compute the worker’s expected innate ability
at the end of ¢, i.e., as of the beginning of £ + 1:

6% =p(0=0"|2*,2;,)6" +(1-pO=60"| 2" 2;,))0".

The worker’s expected innate ability will vary from period to period as new signals
are received. Depending on the sign and size of the new signal, expected innate abil-
ity will increase or decrease.

Expected effective ability changes from one period to the next because of changes in
experience and changes in expected innate ability. This follows since nf; = 6§, f(x;;).
The added experience (human capital acquisition) affects expected effective ability
through f(x;), and this effect is always positive. However, the change in 6% can be
positive or negative.

By including learning about ability in their model, GW could account for demotions.
If ability were known, effective ability would always increase as experience increased.
As a result, demotions would not occur, a worker’s wage would always rise over time,
and both wages and promotions would be serially correlated. By assuming that abil-
ity is not known but must be inferred from a noisy signal, the model allows for wage
decreases and demotions. Although wages tend to rise because of experience, a de-
crease in expected innate ability could be large enough to offset the effect of experi-
ence and could cause the wage to decrease. A large enough decrease in expected in-
nate ability could cause a demotion. Further, BGH reported slower wage increases on
average after promotion than before promotion; such a finding can be rationalized
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with learning about ability.2 Some workers of lower innate ability who have had a
period of exceptionally high output will be included among the promotees. This ef-
fect also weakens the serial correlation in wage increases and promotions, though
such correlation remains possible.

MILITARY STUDIES OF PROMOTION

We located several analyses of promotion speed in the military: Daula and Nord
(1985), Smith, Sylwester, and Villa (1991), and Buddin, Levy, Hanley, and Waldman
(1992). None of the studies was designed to learn about service member quality
through promotions.3

Daula and Nord and Smith et al. employed hazard models to analyze the time to
promotion in the Army. Daula and Nord studied the times to E-5 and E-6 promotion
for eight military occupational specialties in 1980-1984. Smith et al. analyzed promo-
tion to E-4, E-5, and E-6 for three broad occupational areas—infantry, mechanics,
and administration—for personnel entering service from 1974 to 1984. The studies
differ somewhat in their explanatory variables and hazard functions,? but both stud-
ies found statistically significant negative effects of AFQT and years of education on
the log of promotion time to E-5 and E-6. That is, higher AFQT scores and more edu-
cation reduced the time to promotion, as expected. Smith et al. found negative edu-
cation effects for promotion to E-4, but the effects of AFQT were zero in these
regressions. Both studies treated promotion to each grade separately, not as joint
outcomes. The studies did not attempt to identify a latent component of quality that
acts persistently on time to promotion.

The studies entered the time to previous promotion as an explanatory variable in the
models, which might be problematic. If a person’s promotion time is affected by an
unobserved component of quality, then the use of time to previous promotion can
cause a simultaneity bias. The coefficient on the time to previous promotion would
be biased upward; lower-quality persons would tend to have longer times to previous
and current promotions. For instance, when Smith et al. estimated their model with
promotion times adjusted for minimum time in grade, they found, as expected, a
positive effect of time to previous promotion on time to current promotion.® In con-

2In our view, other mechanisms could cause slower wage increases after promotion than before promo-
tion. One mechanism is an increase in the variance of ¢ when the worker learns the ropes of the new posi-
tion, and another is an increase in uncertainty about the mean and variance of &. Uncertainty could in-
crease if newly promoted workers affect the efficiency of their work group.

31n addition, the studies did not directly validate measures of personnel quality as measures of job per-
formance. For a review of military studies that related AFQT, education, experience, and unit turbulence
to productivity, see Asch and Warner (1994).

4Daula and Nord assumed that the time to promotion has a Weibull distribution, and Smith et al. assumed
that the log of time to promotion has a normal distribution.

5When promotion times were not adjusted for minimum time in grade in their study, a faster previous
promotion resulted in a slightly longer time to current promotion. For instance, a half-year faster promo-
tion to E-4 in the infantry produced a 0.6 percent increase in time to E-5, or approximately one week. The
authors attributed this to minimum time-in-service (TIS) requirements. Their data were primarily from
the mid- to late-1970s, when retention was declining and promotion speeds were fast. Hence, TIS re-
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trast, Daula and Nord found that a shorter time to the previous promotion was asso-
ciated with a slightly longer time to the current promotion.

In their study of promotion tempo and reenlistment, Buddin et al. estimated a model
of promotion speed in which the log of time to E-5 promotion is normally dis-
tributed. They hypothesized that a member with a shorter expected time to E-5 had
higher expected future military earnings and therefore was more likely to reenlist.
They estimated a two-equation model, and their estimates supported their hypothe-
sis. Their data consisted of males who entered the Army and Air Force in fiscal years
1983-1989 and completed a four-year term of service. They defined promotion time
as months in service at promotion (not months in grade, as did Daula and Nord and
Smith et al.). They, too, found that a higher AFQT score shortened promotion time,
not having a high school degree lengthened it, and postsecondary education short-
ened it (relative to HSDG status).

Contrary to Daula and Nord but consistent with Smith et al., Buddin et al. found that
a longer time to E-4 resulted in a longer time to E-5. The cohorts they analyzed en-
tered the military in the mid-1980s, an era of higher retention and longer times to
promotion than the late 1970s and early 1980s. As a result, few of their observations
were constrained by time-in-service requirements. In their initial specification for
the Army, a 1-percent increase in the number of months to E-4 led to a 1.7- percent
increase in months to E-5. Adding more promotion information—time to E-4 pro-
motable, not yet E-4 promotable (i.e., not having met the minimum requirements for
promotion), and E-5 promotion point score—reduced the impact of months to E-4 to
a 1.1-percent increase. In other words, because a 1-percent increase in months to E-4
caused about a 1-percent increase in total months to E-5, no information came from
the months-to-E-4 variable. Instead, the added promotion variables provided the
explanatory power. But because time to E-5 depends directly on promotability and
promotion points, we think this was to be expected. When data on promotability and
promotion points are lacking, the results suggest the time to E-4 promotion serves as
a surrogate.

PERSONNEL QUALITY INDICATORS

Figures 2.1-2.3 show the cumulative percentage promoted to E-5 by months in E-4.
These figures illustrate that because months to E-5 vary significantly by service, co-
hort, and occupation, those factors should be controlled in multivariate analyses. As
seen, the percentage promoted increases with time in grade but does not reach 100
percent—and rarely exceeds 50 percent—because many personnel reaching E-4

quirements would have been a binding constraint on more personnel in the 1970s than they were in the
early 1980s and later.

6Fig'ure 1.1 shows that faster promotion to E-4 leads to faster promotion to E-5, holding AFQT and educa-
tion constant. This accords with Smith et al. and Buddin et al. and GW, but not with Daula and Nord.
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either do not complete their term of service or do not reenlist and so are not available
for promotion.”

The Navy promoted the 1984 cohort most rapidly, whereas the Air Force promoted
most slowly over much of the range (Figure 2.1). Reaching E-5 took one-third less
time in the Navy than the Air Force, with the Army and Marine Corps lying in be-
tween. In the Army, promotion times were longer for the 1986 and 1988 cohorts than
for the 1984 cohort (Figure 2.2). Promotion to E-5 took about 50 percent longer for
the 1988 cohort.

Focusing on the 1984 Army cohort, we found differences in promotion tempo across
the occupations® of infantry, communications and intelligence, functional support,
and service support (Figure 2.3). The promotion tempos in functional support and
service support were nearly double those in the infantry, with communications and
intelligence in between. Similar patterns occurred in the other services.

Figure 2.4 depicts average AFQT scores among promotees to E-5 by months in E-4
until promotion, for the 1984 Army and Air Force cohorts. Air Force promotees had
higher average AFQT scores than did Army promotees, but both services had nearly
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Infantry mmemmmmm ==
30 Communications/ ,,—\"‘ ’ ererennend
Intelligence 0T e g
o N e
(o))
g
$ 20 |-
g . Service
£ Support
y -
B
10 |- Ryl _
N Functional
7 Support
0 ez i | | | |
2 12 22 32 42 52 62 72
Months

Figure 2.3—Cumulative Percentage Promoted to E-5 by Months in E-4 and Occupation,
1984 Army Cohort

"Some personnel are eventually affected by up-or-out criteria that stipulate a maximum time in grade. Al-
though we do not have data on the percentage of personnel who reach the maximum time in grade and
must leave, it is probably quite small (perhaps 1 percent). -

8These are one-digit DoD occupation codes that include many three-digit occupations.
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Figure 2.4—Average AFQT by Months to E-5, 1984 Army and Air Force Cohorts

identical patterns of decline in average scores as time to promotion lengthened. The
figure supports the interpretation of AFQT as an indicator of personnel quality.

Figures 2.5 and 2.6 illustrate similar relationships at the one-digit occupation level.
Here, average AFQT scores decline as months to promotion increase for infantry and
service support, and for communications/intelligence and functional support. The
figures suggest some flattening in this relationship for the highest categories of
months in E-4. That is, the average AFQT score is about the same over these months.
Also, the increased variation at higher months reflects smaller samples (fewer pro-
moted) in those months.

We found a decline in the percentage of promotees who were high school graduates
as months to promotion increased, but there was virtually no relationship for the Air
Force (Figure 2.7). Nearly all Air Force recruits were HSDGs—99 percent in the 1984
cohort versus 86 percent in the Army.? As a result, there was little opportunity for the
percentage of promotees who were HSDGs to decline as months to promotion in-
creased. For Army communications/intelligence and infantry specialties, the per-
centage of promotees who were HSDGs declined as months to promotion rose
(Figure 2.8). There was larger month-to-month variation because cohort sizes were
smaller in particular specialties.

91n 1995, HSDGs were 94 percent of Army recruits, 93 percent of Navy, 95 percent of Marine Corps, and 99
percent of Air Force. (Population Representation, 1996.)
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In sum, the figures imply that empirical models of military promotion should control
for service, cohort, occupation, and AFQT. However, there is little explanatory power
in HSDG when a high fraction of recruits are high school graduates, as has been the
case since the early 1980s.
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Chapter Three
A BAYESIAN MODEL OF SERVICE MEMBER QUALITY

In this chapter, we discuss the similarities and differences between the internal labor
markets in the military and in private organizations, as described by the findings in
BGH. The discussion explains why military data on promotions are suitable for esti-
mating a model of learning about worker ability, even though the military pays per-
sonnel according to a pay table and does not make year-to-year pay changes on the
basis of individual performance evaluations. We then discuss Ward and Tan’s model
of quality and describe how to estimate an individual’s unobserved component of

quality.

THE MILITARY CONTEXT

Gibbons and Waldman outline an approach to learning about quality, which they
refer to as innate ability. Their model makes two assumptions that are difficult to
satisfy in empirical work: Individual output is observed in each period, and a normal-
ized signal of effective ability can be obtained. We know of no data on large organi-
zations that meet these requirements; the data in the widely cited BGH study do not.
Although output is readily observable for piece-rate workers, they are typically not
part of a job hierarchy. Workers in job hierarchies often work in teams, making it dif-
ficult to determine an individual’s output even when team output is observed. The
relationship between a worker’s effective ability and his or her output may not be the
two-parameter linear relationship assumed in GW; hence, it is not obvious how to
extract a normalized output signal.

The military shares some of these limitations. For instance, military personnel are
assigned to units and almost always work in teams. Unit or team output is usually
not measured or recorded, and the relationship between an individual’s effective
ability and his or her output, if measured, may not be linear. However, the military,
like other organizations, wants to assign personnel efficiently, and the military has an
explicit hierarchy of ranks. Movement up the ranks requires promotion.

Retaining and motivating high-quality personnel poses a problem for the military
given its common table of basic pay. Since basic pay is the same for everyone in a
particular rank and year of service, the military must rely on tools such as reenlist-
ment bonuses and promotions to compete with outside opportunities, which may
vary by occupation and individual quality. Bonuses are allocated to military occupa-
tions on the basis of a perceived critical shortage of personnel and do not depend on

17
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a member’s performance. That is, bonus allocation is neutral with respect to quality.
For instance, reenlistment bonuses do not depend on a member’s AFQT score or ed-
ucation level. In contrast, the promotion process is meant to identify superior per-
formers and reward them with advancement to higher rank and an accompanying
increase in pay. The promotion system is the chief means of assessing, recognizing,
and rewarding quality.

For this mechanism to be effective, the promotion system must distinguish between
high- and low-quality personnel, where quality depends not only on attributes such
as AFQT score but also on having the skills and knowledge required for mission-
essential tasks and capably performing assigned duties. Therefore, the service has a
significant stake in assuring a well-functioning promotion system because the cost of
a poorly functioning promotion system is a weaker organization.

Each service has an explicit promotion system (see Williamson, 1999). These promo-
tion systems have been stable over time. Promotion depends on specific perfor-
mance evaluation criteria. The promotion system assigns points based on the enlis-
tee’s performance on current assignment, knowledge, skills, physical fitness, awards
and decorations, education, and potential for performance in higher-rank positions.
Higher-rank positions generally require more knowledge, skills, experience, and
leadership ability. The pace of promotion depends on a member’s promotion points
relative to others in the promotion pool, and on the service’s requirements for ad-
vancing personnel to the next rank (i.e., the demand). Thus, the promotion system
assesses quality on the basis of current and prospective value to the organization.
Higher-quality members can expect faster promotions and higher military lifetime
compensation. They might also obtain superior assignments. As a result, promotion
speed appears to be a valid indicator of the quality of the match between the mem-
ber and the military.

We do not want to exaggerate the potential of the promotion system for studying
personnel quality, however. In this study, we assume that promotion speed is an in-
dicator of the quality of the job match, and for the reasons described we think this as-
sumption is reasonable. But we have not undertaken a separate study to validate the
relationship between promotion speed and objective measures of job performance.
In addition, we have not found any validation studies in the literature. Therefore, our
approach and findings should be seen as conditional on this assumption.

Fortunately for analysis, the military recruits large cohorts of youth who enter par-
ticular military specialties in statistically useful numbers. Enlistees in a specialty re-
ceive the same formal training and have similar patterns of duty assignments, tasks,
and career development opportunities. Therefore, they have the same opportunity to
build their human capital and demonstrate their prowess.

How does the military’s internal market compare with those in private organizations?
Table 3.1 summarizes the similarities and differences. A military member’s year-to-
year pay changes result from adjustments to basic pay, longevity increases in pay in
the same rank, and promotions to a higher rank. Adjustments to basic pay are usually
across-the-board, although occasionally certain pay cells receive higher increases.
Longevity increases depend strictly on longevity in the service, whereas promotions
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Table 3.1

Wage and Promotion Dynamics: Private Organizations Versus the Military

Private Organizations?

Military

Real wage decreases occur infrequently.

Demotions are rare.
Wage increases are serially correlated.

Promotion speeds are serially
correlated.

On average, workers who receive a large
wage increase early at one level of a job
ladder are promoted more quickly to the
next.

Individuals promoted from one level of
a job ladder to the next come dispro-
portionately from the top of the lower
job’s wage distribution and go dispro-
portionately into the bottom of the up-
per job’s wage distribution.

Real basic pay increase was below CPI in 10 of the 17 years
from 1981 to 1998. However, a service member’s pay
growth also depends on promotion and longevity in-
creases. Overall, real wage decreases are infrequent.

Same
Within a rank, the basic pay table dictates wage increases.

Same

Wage movement within a rank follows the basic pay table.
But as shown in Figure 1.1, members promoted fast to E-4
also tend to be promoted fast to E-5.

Promotion points tend to accumulate with experience and
longevity wage increases occur, so those promoted tend to
come from the top of the lower job’s wage distribution.
They tend to enter the bottom of the next rank’s wage
distribution. However, members who accumulate promo-
tion points most rapidly might be nearer the middle of the

wage distribution in their rank when they are promoted.
aAs summarized in Gibbons and Waldman (1999).

depend on output and effort. Therefore, the military system reveals information
about a person’s quality through promotions and promotion speed, but not through
wage changes within a rank. In contrast, internal labor markets in private organiza-
tions reveal information about quality also through wage changes within a job.

WARD-TAN MODEL

Holding entry quality constant, Figure 1.1 showed that members who were promoted
more rapidly to E-4 were also promoted more rapidly to E-5. This suggests the pres-
ence of an unobserved quality factor, and the Ward-Tan model provides a means of
incorporating this additional information about quality. Following Goldberger’s
(1972) multiple-indicator, multiple-cause model, Ward and Tan assume that quality
is indicated through promotion speed and caused by certain variables observed at
entry and by a member-specific component of quality (or quality factor).

Ward and Tan used AFQT score and education as the entry characteristics.! The
quality factor represents other characteristics persistently bearing on performance
and hence affecting promotion speed to E-4 and E-5. Holding constant the entry
characteristics, the quality factor causes a correlation in promotion times: members

1ynlike Ward and Tan, we do not use education in our analysis. This is because nearly all enlistees in our
data are HSDGs.
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who are promoted more rapidly to E-4 can expect to be promoted more rapidly
to E-5.

Once the model has been estimated, the promotion times to E-4 and E-5 can be used
to compute the expected value of the member’s quality factor and quality, as de-
scribed below. The model allows us to distinguish the extent to which fast promo-
tions reflect unobserved quality rather than randomness. Also, the quality function,
when estimated, shows the weights that should be placed on AFQT and education
relative to the unobserved quality factor. Thus, the model solves the problem of how
to combine several indicators of quality into a single quality index. Moreover, as we
show, it provides a basis for updating the estimate of the service member’s quality,
i.e., for learning about quality. Information about quality is extracted by continually
comparing the member’s promotion status to that of peers.

The quality model has three equations.? The first equation relates the member’s
quality to his or her entry characteristics and quality factor:

qi=Px;+&; .

Although g;and ¢; are not observed, the model’s parameters B can be estimated
through the effect of quality on promotion times, and a posterior estimate of the ex-
pected value of the quality factor can be obtained. The entry characteristics x; are
measured as differences from their means. As a result, the quality equation does not
have an intercept. The quality factor ¢; is assumed to be normally distributed with
zero mean and unit variance, N(0,1), and we write the normal density as ¢(g;). Thus,
each member has a given quality factor, unknown to the military and the analyst,
who know only that any particular value of the quality factor imputed to the member
occurs with a probability described by the standard normal density. Quality is mea-
sured in units of standard deviation. We can see this by considering the average per-
son (x; = 0). Then ¢; =¢;, and since ¢; is N(0,1), the standard deviation of quality is
the standard deviation of the quality factor, which is 1.

The second and third equations define the member’s promotion time to E-4 and E-5
as a function of quality. This relationship can be expressed in different ways that can
be translated from one to the other. It can be written in terms of a promotion-hazard
function, which describes the probability of promotion at time ¢ given that promo-
tion has not occurred prior to ¢. It can be written as a promotion-distribution func-
tion, which describes the probability that promotion occurs at or before ¢, or as a
promotion-density function, which indicates the likelihood of promotion occurring
at . We use promotion-hazard functions to estimate the model, but for our immedi-
ate purposes it is convenient to use the promotion-density function. We write the
promotion densities as

2Here, we assume that the model’s parameters are known in order to explain the model’s structure and
usefulness. We discuss estimation in the next chapter.
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P(t4;14;364)
pP(s;19;365).

Here, p(ts;|q;;64) is the probability density of the member’s time to E-4 promotion
conditional on the member’s quality ¢; and given parameters 6,, and similarly for
E-5 promotion.

We focus on the first term of service. During the term, either the member is pro-
moted (e.g., promotion to E-4 occurs at #,;) or the member has not yet been pro-
moted as of the last observation on the member. In the latter case, the promotion
outcome is censored. Censoring occurs if the member departs because of attrition or
reaches the end of the term before being promoted.

Quality can cause a positive correlation between the promotion times to E-4 and E-5
because entry characteristics like AFQT affect promotion speed and because the
quality factor affects promotion speed. Because quality has been defined to be a
function only of entry characteristics and the quality factor, there are no other factors
to cause a correlation between promotion times. Hence, the promotion probabilities
conditional on quality are independent.

EXPECTED QUALITY

One approach to computing expected quality would be to take the expectation of the
quality equation based on the prior distribution of ¢;, which is N(0,1):

Eq; = E(Bx; +&;)
= Bx; + E(g;)
= ﬁxi.

This approach is deficient because it ignores information about quality revealed
through promotion.

To incorporate that information, we need the density of quality conditional on entry
characteristics and promotion times:

P(q; |4 t5i,%364,05,B) .

This is a Bayesian posterior density, where the parameters J relate entry character-
istics to quality and the parameters 6, and 65 relate quality to the E-4 and E-5 out-
comes.

The posterior density for g; is proportional to the product of the prior distribution of
g;, and the likelihood of the promotion times given g;, the data, and the parameters.
We assume that the prior distribution of g; is that g; is distributed as N(Bx;,1), and
we use 7(g;) to denote this density:




22 Learning About Quality: How the Quality of Military Personnel Is Revealed Over Time

p(q;|.) < p(t4;19::64)p(ts; | ;:65)7(q;)

@ n

where the “.” in p(q;|.) denotes all the parameters and data except for g;.

To obtain a proper density, we divide this expression by a normalizing constant as
follows:

P4 19i;04)p(5:19:;05)n(g;)

p@;|)=—
J P(t4i19;;04)p(ts;19::05)n(q;)dg;

The expected value of quality is then:

Eq;= qup(qi |)daq;

_ J‘qi _ P4;19::04)p(ts5:9::65)7(q;) dq;.

e _'. P(t4;14::604)p(ts; | G:305)n(q;)daq;

00

With promotion taken into account, expected quality no longer equals only the effect
of entry characteristics but also includes a term related to the quality factor:

Eq; I q:;p(q; |.)dq;

oo

j (Bx; +&)p(Bx; +¢&;].)d(Bx; +£;)

—00

oo

= Px; + J. g;ple; | )de;.

—~—00

The first line is the definition of expected quality, where the probability of observing
a particular level of quality is now conditioned on the posterior quality density,
which incorporates information about promotion outcomes as well as entry charac-
teristics. The second line recognizes the fact that quality consists of two parts, one for
entry characteristics and the other for the quality factor. The third line uses the fact
that, with B and x; known, Bx; is a constant for the individual and therefore can be
brought outside the integral and also eliminated from the expression for dg;.

Hence, expected quality has two parts. The first part reflects entry characteristics and
equals the expected value of quality when the expected value of the quality factor is
zero. The second part is the expected value of the member’s quality factor computed
under the posterior density.
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Aswith g;, the posterior density for ¢; is proportional to the product of the prior dis-
tribution of ¢;, and the likelihood of the promotion times given ¢;, the data, and the
rest of the parameters:

ple;|) o< plty;19::04)p(ts; | G;3605)0(;).
To get the density we divide by a normalizing constant:

P41 19:;04)P(s5;19:;605)9(€:)

ple;|)=—
| ptailaisonptesi|a;05)0eide;

Thus, the expected value of a member’s quality can be expressed as

oo

Eq; = PBx; + _[ g;ple;|.)de;

—00

- Bx; + J‘ & P(ta;9::00)pUs:195:90(8) 5

)

- I P(t4;|G::04)p(ts;19;05)9(€;)de;

Expected quality depends on the member’s entry-level characteristics and the ex-
pected quality factor. The portion related to entry characteristics does not change
through time. The portion related to the quality factor changes as information about
promotion outcomes is updated.

BAYESIAN UPDATING AND LIMITS ON INFORMATION ABOUT QUALITY

Estimating an individual’s quality can be seen as a process of Bayesian updating.
Making this connection places the process in a familiar framework and helps illus-
trate how information about a person’s quality accumulates over time and ceases to
accumulate when the person departs from service. Because fx; does not change
over time, updating focuses on the expected value of the quality factor &;. In our
case, the posterior density of the quality factor at ¢+ 1 is:

pt+l(8i lt4i’t5i;xi’94’95’ﬁ) = pt(t4i |qi;04)pt (t5i Iqi;05)¢(8i)

J D1 (4;19::04)p; (51 | 9365)0(€;)de;

Several points follow from this expression. First, at the outset of a military career, no
promotions have occurred and expected quality equals fx; only, as shown above.
Also, the probability that promotion will occur in the future is 1:
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Po(ts; >0]q;;64)=1.
Po(ts; >0|g;;65)=1.

Substituting this into the formula for the posterior density, we have

P1(€; | t4i)t515%1,04,65, B) = e = ¢(g;).

oo

[ otenae,

This equation implies that at the outset the posterior density of the quality factor
equals the prior density. Thus, the posterior density can be seen as “growing out” of
the prior density. The second equality follows because the integral of the denomina-
tor is the integral over the normal density, which equals 1. Applying this result, the
a priori expected value of ¢; is 0:

-]

E(e)= J' £;0(€;)de; =0.

~—00

Second, suppose the service member leaves at the end of period T. The last posterior
density for this person will be

P14 19i:04)p U511 9:3605)9(€;)

Pr+1(€; |Lg:t54:%1,64,65, B) = —

J Pr4;19::04)pr (5: 1 9;565)(€;)de;

No future updates will be possible; the date of leaving service places an upper limit
on what can be known about the person’s quality. Even though other personnel con-
tinue, we cannot learn about this person’s ability from the future promotions of con-
tinuing personnel. The posterior density normalizes the member’s likelihood as of T,
not with respect to future posterior densities for which no new observations on the
member will be available. For the same reason, the member’s expected quality factor
at Tis not comparable with that of other members at a later date—i.e., members who
continue and who therefore have more time during which promotion can occur.
However, the quality of the member leaving at T can be compared with that of mem-
bers continuing at 7.

ILLUSTRATION OF BAYESIAN UPDATING

Figure 3.1 illustrates how quality changes over time for three members. Each mem-
ber has the same entry characteristics, which are equal to the average entry charac-
teristics for their cohort. But the members differ in their quality factor. One member
has a high quality factor, the second member has a medium quality factor, and the



A Bayesian Model of Service Member Quality 25

RAND MR1593-3.1

1.0 /"
Promotion to E-5
05 - High quality
Promotion to E-4
x
()] . .
2 @ —Medium quality
E ] SO
g s |
(] ~ J
05 7 ~~< Low quality
1.0 | | ' -
0 10 20 30 40

Months observed

Figure 3.1—Quality Index Is Updated As New Information Is Revealed Over Time

third member has a low quality factor. The figure plots each member’s quality
against the number of months the member is observed.

Initially, quality has the value of 0 for all three members.3 The amount of informa-
tion on quality increases when promotion occurs. Information increases because the
exact time of promotion tells the promotion density specifically where to locate a
member as expected quality is computed. By comparison, if promotion has not yet
occurred, the promotion outcome term is the probability that promotion occurs later
than T. Given the effect of entry characteristics fx;, a fast promotion time locates the
person such that the expected quality factor is high, while a slow promotion time
leads to a low value. As shown, promotion to E-4 occurs soonest for the member with
the high quality factor. When this occurs, the expected value of the member’s quality
rises. But because the other members have not yet been promoted, their expected
quality begins to decline. Their promotion progress tends to be slower than that of
their peers.

The medium-quality member is promoted next, increasing the member’s expected
quality. This quality is estimated to be lower than that of the high-quality member
but higher than that of the low-quality member, as one would expect. The expected
quality of the low-quality member, who is never promoted, continually declines. The
high-quality member receives a second promotion, to E-5, and his expected quality

3This is because their entry characteristics are average, so the value of x; is 0, and because the expected
value of the quality factor at the time of entry is 0.
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increases further. However, in the months prior to this promotion, his expected
quality declined slightly, reflecting the fact that other members of his cohort were
beginning to be promoted to E-5.

When a member’s promotion observations are censored early in the promotion pro-
cess, at a time when only a small percentage of the cohort has been promoted,
knowledge of the member’s promotion timing is quite limited. We know only that
promotion would occur at a later date, but not whether promotion would occur ear-
lier or later than expected, given the member’s entry characteristics. As a result, the
expected value of the quality factor ¢; tends to be near 0, and most of the information
about quality comes from fx;, the a priori expected quality. The expected value of &;
tends to be near 0 because the probability of being promoted at a later date is near 1.
When that is true, the posterior density of &; approximately equals the prior density
of ¢;, and—as we have seen—the expected value of ¢; is 0 under the prior density. By
implication, if a large fraction of personnel have not been promoted to E-5 by the
end of the first term, their quality estimates will not be fully informative about their
quality factor. Almost all of the information about quality will have come from the
entry characteristics and E-4 promotion outcome.

This completes our presentation of the Bayesian model of member quality based on
entry characteristics and promotions. We next discuss the implementation of the
model.



Chapter Four
MODEL IMPLEMENTATION

In this chapter we first give an informal, intuitive explanation of how the model is
implemented and then present a more precise mathematical characterization. Read-
ers mainly interested in the policy implications of the work may safely skip the math-
ematical exposition.

HOW THE MODEL WORKS: BASIC INTUITION

The model works in two steps:

Step 1: Estimate a statistical relationship between AFQT, unobserved quality, and
promotion speed to E-4 and E-5 for a group of enlistees.

Step 2: Use estimates from Step 1 and individual AFQT and promotion speed to
E-4 and E-5 to estimate individual quality.

In the first step, we use the population in a particular service, cohort, and occupation
to estimate a model relating promotion to quality for the population. Then we use
the model to calculate the probability of particular promotion outcomes for an indi-
vidual, given the individual’s AFQT and quality factor, to calculate the expected value
of the individual’s quality index. (We think of it as using the estimated relationship to
“handicap” individuals for their observable characteristics; when we see how people
perform relative to their handicap we get information about the unobserved compo-
nent of quality.)

Details of Step 1

The quality index is composed of directly observable components, like AFQT and ed-
ucation, and an indirectly observable component, the individual quality of job
match, or “quality factor.” Figure 4.1 shows how these components fit into the
overall quality index.

As Figure 4.1 indicates, the overall quality index, g, in turn affects the speed of pro-
motion to E-4 and to E-5. So quality is “indicated” by promotion speed to E-4 and
E-5, and is “caused” by AFQT and an unobservable quality factor. (This is why this
kind of model is referred to as a “Multiple-Indicator Multiple-Cause” (or “MIMIC”)
model.)

27
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Figure 4.1—Quality Is Indicated by Promotion Speed and “Caused” by
Observable and Unobservable Components

Measuring speed of promotion is not as straightforward as it seems, because we do
not always directly observe how long it takes someone to be promoted. While nearly
everyone gets promoted to E-4 in the first term, only a fraction of enlistees get pro-
moted to E-5.1 However, even if we do not observe individuals being promoted to E-5
we still obtain some information by observing how many months they were in E-4
without being promoted to E-5.

This is what motivates us to model time to promotion probabilistically. We observe
either that a person gets promoted at a particular time, with some probability, or that
a person has not been promoted by the end of the first term, with some probability.
We can model time to promotion as either a “survival curve” or as a “hazard curve.”

Figure 4.2 shows a survival curve? and the corresponding hazard curve3 for promo-
tion to E-4. Time is on the horizontal axis in both graphs. In the survival curve graph
on the left, the vertical axis gives the cumulative fraction of the population promoted
to E-4 by a given month. So, for example, about 50 percent have been promoted to
E-4 by the 20th month of service. The vertical axis can also be interpreted as the
cumulative probability of promotion. So by the 20th month the cumulative
probability would be 0.5.

1Unfortunately we cannot use information on time to promotion if the promotion occurs after the first
term because this may lead to “selection bias.” If the people who are more likely to be promoted quickly
are also more likely to stay, then promotion time averages based on those people would underestimate the
average time to promotion for the entire population of enlistees. Another possible example of selection
bias is the many stories of drowning sailors being rescued by dolphins who herd them to shore. Unfortu-
nately we never hear from those sailors who may have been herded further out to sea by dolphins.

2Strictly speaking, the graph shows 1 minus the survival curve. An orthodox survival curve would show
how many people “survive” in E-1 to E-3 before they “succumb” to being promoted to E-4.

31t may seem a bit odd to refer to a “hazard” of promotion. The terminology we are using came originally
from the medical statistics literature, where models like these are used to study when people fall ill or die
from a disease. So “hazard” is merely a term of art and is not meant to imply that promotion is indeed
hazardous!
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Figure 4.2—Survival Curves and Hazard Curves: Alternative Ways of Visualizing
the Same Underlying Process

The right-hand side of Figure 4.2 shows the hazard curve. It depicts exactly the same
process as the survival curve, but in a slightly different way. The vertical axis shows
the probability that an individual will be promoted in a particular month, given that
the person has not been promoted before that month. In this example, up until the
10th month the hazard rate is 0, meaning that there is no probability that a person
will be promoted to E-4 (perhaps due to time-in-grade or time-in-service require-
ments). Over the next few months, the probability climbs until it tops out at about 13
percent, meaning that from about the 20th month on, the probability of being pro-
moted in a particular month (given that one has not been promoted so far) is 13 per-
cent.

In our model, we use hazard curves to model the process of promotion, but this is
just a mathematical nicety. We could just as well have used survival curves.*

Quality influences the time to promotion. We model this influence by using the
quality index to shift the hazard of promotion up or down, as in Figure 4.3. If the haz-
ard is shifted up, at any point in time the probability of being promoted (given that
promotion has not already occurred) is greater; if the hazard is shifted down, the
probability of being promoted (given that promotion has not already occurred) is
less.

4we explored an alternative formulation that used a cumulative normal survival curve derived from a
“Tobit-like” model where the dependent variable was time to promotion. This formulation did not fit the
data as well as the original Ward-Tan hazard curve approach. The time-to-promotion Tobits, when trans-
lated into hazard functions, implied that quality shifted the hazard function left or right. By comparison, in
the proportional hazard model used by Ward and Tan, quality shifted the hazard function up or down.

5This would correspond to the survival curve moving left or right. If the survival curve moves left, the cu-
mulative probability of being promoted at any given point in time rises, while if it moves right the cumu-
lative probability of being promoted at any given point in time declines.
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Figure 4.3—Quality Shifts the Hazard of Promotion

If we have the parameters of the baseline hazard function, a “shift” parameter, and
an individual’s quality, we can calculate the probability that the individual is pro-
moted in any given month. So, for any given individual, we can calculate the proba-
bility of observing his or her particular promotion timings and other observable
characteristics. (Since we only directly observe part of the quality index, we calculate
the expected value of the probability of promotion over all possible values of the un-
observed component.) We combine the individual probabilities into a likelihood
function, and choose the set of parameters that maximizes the likelihood function,
that is, the set of parameters that maximizes the probability of observing the out-
comes that we actually observed.

Details of Step 2

Once we have estimated the parameters of the promotion-timing model we can then
estimate the expected value of the unobserved component of individual quality. We
can think of it as using the estimated relationship to “handicap” individuals for their
observable characteristics; when we see how people perform relative to their handi-
cap, we get information about the unobserved component of quality.

But how can we distinguish someone who is simply lucky in being promoted early
(perhaps due to the slip of a pen) from someone who was promoted early based
solely on merit? We can use the information from two (or more) promotion times to
distinguish the effect of quality from simple luck. By looking at the correlation of
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promotion times across two or more promotions within a population, we can iden-
tify the random component and isolate the quality factor from simple random error.

HOW THE MODEL WORKS: A MORE FORMAL APPROACH

The model works in two steps:

Step 1: Estimate hazard functions for promotion to E-4 and E-5 as a function of
baseline hazard parameters and a shift parameter that is a linear combination of
AFQT and unobserved quality.

Step 2: Use estimates from Step 1 and observed promotion or exit times to calcu-
late the expected value of unobserved quality.

Details of Step 1

We first discuss quality. Quality is a function of entry characteristics x; and unob-
served quality &;:

qi = Px; +&;.
g~ NO,1).

The entry characteristics are measured in terms of deviations from their means, and
the quality factor has a normal distribution with zero mean and unit variance.

Ward and Tan employ hazard functions to model the relationship between quality
and promotion. Hazard functions allow us to follow a member over time, gathering
observations from month to month on whether promotion has or has not occurred.
Just as in the famous Sherlock Holmes case of the dog not barking, there is informa-
tion about the relationship between quality and promotion from observations that
promotion has not occurred by a given month. The capacity to incorporate informa-
tion on non-promotion is valuable because many members either do not complete
their first term or are not promoted to E-5 by the end of their first term. First-term
attrition can be 30 percent or more, and many attritees do not reach E-4, let alone
E-5. Also, promotions to E-5 rarely exceed 35 percent of E-4s by the end of the first
term, and the percentage is far lower in the Air Force—around 5 to 10 percent.

Ward and Tan specify a proportional hazard model for time to promotion. This
model defines the hazard—that is, the probability of promotion at time ¢ given that
promotion has not yet occurred—as the product of a baseline hazard and a quality
effect that shifts the hazard up or down relative to the baseline. Figure 4.4 depicts the
shape of the baseline hazard for typical values. The parameters determine the point
of maximum inflection, the slope, and the asymptotic hazard of promotion.

The Ward-Tan promotion hazards for E-4 and E-5 are given by:
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Here, A(a j»14j,0 j,t) is the baseline hazard for promotion to grade j. The time indica-
tor in the E-4 hazard measures time from entry into service; promotion times to the
lower grades E-2 and E-3 are included in the cumulative time to E-4. Because pro-
motions to E-2 and E-3 occur somewhat mechanically as the service member pro-
gresses through boot camp and occupational training, little information about qual-
ity is lost by not explicitly considering these promotions. The time indicator in the
E-5 hazard measures time from the time of entry into E-4, i.e., the date of promotion
to E-4.

A service member’s quality affects the promotion hazard through the shifter terms
e”49i and e"5%1 If a service member’s quality is average (i.e., 0), then the value of the
shifter is €° or 1, and the baseline hazard is unaffected. If the service member’s qual-
ity is above average, then the exponent is greater than 0 and the shifter term will be
greater than 1, resulting in an increase over the baseline hazard. Similarly, below-
average quality will shift the hazard downward.

The logistic form of the baseline hazard reflects service policy on the promotion win-
dow (the period over which most promotions occur) and pace of promotion. The lo-
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gistic shape allows the promotion hazard to be very low initially, to rise as the pro-
motion window opens, and eventually to attain a constant value. For instance, the
E-4 baseline hazard tends toward a, because as time increases the term in the
denominator ¢ ~#4)/04 goes to 0. At high values of ¢, a person has nearly the same
chance of promotion from one moment to the next, conditional on not having been
promoted.b

The eventual, constant hazard seems contrary to common experience where, for a
group of personnel, promotion hazard seems to rise and then decline. The rise sig-
nals that personnel have met their time-in-service and time-in-grade requirements
and are promotable. For many, promotion occurs soon after, but for others the pro-
motion process seems to drag on, indicating a decline in the promotion hazard.
Ward and Tan attribute the decline not to a decline in the baseline hazard but to
heterogeneity: as time increases, the promotion pool increasingly consists of lower-
quality personnel because higher-quality personnel have already been promoted.

Assuming quality has a positive effect on the promotion hazards (y4>0,y5>0),
higher quality increases the member’s promotion hazard and therefore the chance of
having been promoted by any given time. Since higher quality increases the hazard
rate, it follows that more high-quality personnel will have been promoted by ¢, com-
pared with the number of lower-quality personnel promoted by then. The lower-
quality personnel are less likely to be selected for promotion and so have a longer
average time to promotion. For the same reason, their rate of outflow from the
promotion pool is lower at any given time. Thus, quality heterogeneity among group
members can be expected to produce first a rising hazard rate and later a declining
hazard rate for the group.

To estimate the Ward-Tan model, the hazard rates are translated into promotion
probabilities, which are used in a likelihood function. The parameters of the model
are then estimated by maximum likelihood.

Promotion Outcome Probabilities

Deriving promotion probabilities from the hazard functions requires the fundamen-
tal relationships of hazard analysis, which we briefly present. Hazard analysis defines
a time-dependent cumulative distribution function:

F(t;q)=P(time of promotion <t;q)0 <t <o,
The corresponding probability density is

. _dF;q)
f&q= .

8In the range where the hazard approaches a constant value, a discrete hazard process becomes similar in
effect to a first-order Markov process. In the latter, the probability of transitioning to another state (e.g., a
higher grade) is constant from period to period and does not depend on prior states.
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The instantaneous hazard at time £ is

=D
D=1 Py

If we solve this differential equation for F(t;q), we can write the discrete probability
of an event not happening in the interval s to ras

t
—jk(u;q)du
F(s;q)-F(@;q)=e ¢

Using the above relationship, we can express the probability of observing promotion
or non-promotion in terms of the hazard. To be more specific, recall that we had de-
fined the continuous hazard of promotion as

I(a,,u,O',t)= ——a_t—_/—f

l+e ©

Let us write the baseline probability of non-promotion in the interval sto ¢ as

t
—f Ala,u,00)du
Ma,u,0,s,t)=e $

We can write the discrete probability of non-promotion of an individual with quality
q in the interval sto ¢t as

t t
—fh(u;q)du —_[ Ala,pt,0weMdu
s —e § = e’
e =e =AMa,u,0,5,1)° .

We then can write the probability that an individual with quality g; is not promoted
to E-4 by month T, as

i
Ma4,/.t4,0'4,0,T4)e :
We are not quite finished. Since we do not directly observe g;, to construct a likeli-
hood function we need to calculate the expectation of the above expression with re-

spect to the distribution of the unobserved component of quality.” Recall that

g; = Px; +&;.
&~ N©1).

"This procedure is sometimes referred to as “integrating out unobserved heterogeneity.”
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Let k() be the standard normal density. Then the probability that an individual with
observable characteristics x; is not promoted to E-4 by month T is

oV (Bxi+e)

J Moy, 14,64,0,Ty) h(e)de.

—oo

The Likelihood Function

Using the above relationships, we express the four possible promotion outcomes for
E-4 and E-5 in terms of the promotion hazards. The four outcomes are (1) not pro-
moted to E-4, (2) promoted to E-4 and then immediately left, (3) promoted to E-4 and
not promoted to E-5, and (4) promoted to E-4 and promoted to E-5. Each member’s
promotion outcomes in the first term can be expressed by one of the four types.
Given the appropriate type, we enter the member’s entry characteristics and promo-
tion outcomes into the probability expression. Taking the product over the entire
sample, we create the sample likelihood.

Here are the probabilities for the four possible outcomes:

(1) Probability of not being promoted to E-4 by month Tj:

< (Brxj+e)
P(E-4 >T,;6)= j Mg, 1a)04,0, T8 e

—00

where T is the month of attrition or the end of the first term, whichever comes first,
and 0=(B,04,14,04,74,05,U5,05,Ys5) is the parameter vector.

(2) Probability of being promoted to E-4 at month T}, and then immediately leaving:

T (Brj+e)
P(E-4 =T,;6)= _[ Moig, iy, 64,0, —e 4 1

—00

(Bxj+e)
(l—l(a4,ﬂ4,0'4,T4 —l,T4)e74 Prive )h(g)d&'

(Pxj+e)
where the A(ay,14,04,0,T4 — )ey‘1 prie term is the probabilityyg)(f[gclgg)being promoted

in the first T, —1 months, and the 1-A(ay,14,064,0,T; —1,T,)° " term s the
probability of being promoted in the T,th month.

(3) Probability of being promoted to E-4 at month Ty, and then not being promoted
to E-5 by month T5:
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P(E-4 =T,,E-5 >T5;0)=
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—pe B A
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(Bx;+e)
Ao, 15,050,751 e)de

where T is the month of attrit}gxn or the end of the first term, whichever comes first,
7. j+E . .

and the Aloy,py,04,0,T4 —1° P termis the probability of not being promoted to

E-5 after T5 months in E-4.

(4) Probability of being promoted to E-4 at month T, and then promoted to E-5 at
month Ty:

P(E-4 =T,,E-5 >Ts;6)=

it+€)

(Pxj+e) (Bx
T Mo g, 04, Ty —L T )

Jl 2f(azl»,uz}yO'./}y()rTz; "]-)

—o0

o?5 (Brive)

Mas, ti5,05,0,T5) h(e)de

(Bxj+€)
where the Aoy, 1y,04,0,T4 - 1)"’74 ™ term is the probability of %%xbgi)ng promoted
in the first T5 -1 months, and the 1-A(ayg,uq,04,Ty—1Ty)° "term is the
probability of being promoted in the T5th month.

The likelihood function is

L@ = H P(E-4 > T4,,~;9)H P(E-4 >T, ;;6)

iEGl iEGz
[]PE-4 =7,;E5 >T; ;0 [ | P(E-4 =T4,;E-5 =T5:6)
iG3 icG4

where ieG, denotes that observation i belongs to outcome category j, as defined
above. Given the likelihood function we can estimate the vector of parameters 6 us-
ing normal maximum likelihood techniques.

Details of Step 2

In the previous chapter we derived the following expression for expected quality:
Eq; = Bx; + | e;pe; | )de;.

Given parameter estimates from the above model we can compute p(g;|.), the prob-
ability of observing ¢; conditional on the estimated parameters and promotion his-
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tory for individual i. Given p(e;|.) we can then compute expected quality for an in--
dividual.

For example, suppose that an individual left without being promoted to E-4. Then
p(g;|.) will be proportional to the individual contribution to the likelihood, or

(Bxi+€i)
ples ) o Aoy 13,04, 0T

Dividing by the appropriate integrating constant to get a proper probability distribu-
tion gives us

oV (Bri+e;)
ple; 1) =—Ca:ta,04 0Ty) .
4(Px;+8)
j Ao tia,00,0,T 0 T ysyds

Then the expected quality for that individual would be

v4(Pxi+e;)
A’(a4y,u4)o-4 ,0,T4)€ t

Eq; =Px; + | &—

h(g;)ds; .
- 1B ) e
J A,((Z4,,LL4,O'4,0,T4) h(6)d6

Similarly, for an individual who was promoted to E-4 and then immediately left,

Eq; = Px; +

eo a T4 (Bxi+er) 3 _ oAb +e)

I g — A’(all ,[,l.4,0'4,0,T4 ) a ;{4((14,,’.14,0'4,7"4 1’T4) ) h(é'i)d&'i,

- 4(Bx;+5) 4(Bx;+8)
AT 0 T - Mo g, 00 Ty LT WN@S)dS

—o0

and so on for the remaining cases.
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Chapter Five

DATA AND EMPIRICAL RESULTS

In this chapter, we apply the model to three services and many cohorts and occupa-
tions. We first discuss the data we used for our analysis. Then we present a detailed
look at the model for a particular service, cohort, and occupation before moving on
to look across services, cohorts, and occupations. We show how the quality index can
be used to test the hypothesis that the services have not had much success in retain-
ing higher-quality personnel. We also show how the quality index provides evidence
of sorting behavior by members when they choose whether to stay or separate.
Members with a greater comparative advantage in the military tend to stay in the
military, while those with a greater comparative advantage in the civilian world tend
to leave.

THE DATA

We used longitudinal data provided by the Defense Manpower Data Center (DMDC).
These data, called the DMDC Special Cohort Accession and Continuer (DSCAC) file,
track—through FY 1996—the careers of active-duty enlisted personnel who entered
active duty in a given fiscal year. Each fiscal year entry group defines an entry cohort.
Our analysis file includes entry cohorts from FY 1978 through FY 1992. For each co-
hort, the DSCAC data provide entry information (from the Military Entrance Process-
ing Command), loss information, and either quarterly or semiannual information on
each individual’s active-duty career. The entry information includes AFQT score,
ASVAB component scores, education at entry, race and ethnicity, occupation, age,
and gender. The loss information, if relevant, includes occupation, marital and de-
pendents status, education, and type of separation. The active-duty information in-
cludes occupation, education, pay grade, promotion date to current grade, and mari-
tal and dependents status.

We created several variables using the information provided in the DSCAC files. First,
for each cohort we created variables indicating the number of months it took for an
individual to be promoted to each grade. If the individual was not promoted to a
given grade, variables were created that indicated this was the case. These “time to
promotion” variables were used to estimate the quality index. Second, we created an
attrition variable indicating whether an individual left before the completion of the
enlistment term. Third, we created variables to indicate whether an individual reen-
listed, extended, or left at the end of the first term. These variables can be used to

39
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analyze how personnel quality varies among individuals at entry; among those who
leave before the end of their first term versus those who continue; and among those
who reenlist, extend, or leave at the end of their first term.

We excluded prior-service personnel from our analysis. Prior-service personne] ac-
count for 5 to 10 percent of all accessions. These individuals are excluded because
their promotion times, attrition, or reenlistment behavior and their quality might be
affected by their prior-service status. Insofar as the fraction of personnel who enter
with prior service varies over time, analysis of quality and personnel outcomes may
be affected by inclusion of prior-service personnel. We therefore excluded them.

Much of our analysis was conducted at the level of cohort entry year, service, and oc-
cupational area. We used the three-digit occupational codes to ensure that all indi-
viduals in a given occupation grouping were comparable. However, the estimation
technique requires a minimum sample size that may be larger than the number of
members in a given three-digit occupation in a particular service for a particular
year. Thus, not all three-digit occupations are represented in the results. Sometimes
the model could be estimated for some years and not for others; we present only
those results where the model could be estimated.

EMPIRICAL RESULTS

We first present the estimates for a particular service, cohort, and occupation,
showing in detail the implications of the estimates. Then we show results for all oc-
cupations for the Army, Air Force, and Marine Corps. We conclude with a discussion
of how the Navy’s promotion policy creates difficulties for our estimation procedure,
and we examine a related policy implication for Navy personnel management.

A Detailed Look at One Service, Cohort, and Occupation

A detailed look at a single instance will help concretize the concepts covered in the
theoretical discussion, building intuition and understanding for when we look across
services, cohorts, and occupations. The following discussion owes much to the em-
pirical analysis in the original Ward-Tan report and confirms the results Ward and
Tan obtained for eight selected occupations across four services in the 1974 cohort.

Our occupation, service, and cohort example is the artillery and gunnery occupation
(DoD occupation code 041) for the Army’s FY 1978 cohort. We chose this example
because it is a representative occupation for one of the key Army missions and be-
cause of the large sample size (2,500) and the relatively high percentage of soldiers
who reached E-5 in the first term (18 percent). The findings below, though, are typi-
cal for other services, cohorts, and occupations, as will be seen in the following sec-
tion.

Of the 2,500 soldiers in the sample, 74 percent were promoted to E-4 before the end
of the first term, and of those promoted to E-4, 25 percent were promoted on to E-5.
For the 74 percent promoted to E-4 before the end of the first term, the mean time to
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E-4 was 21 months, with a standard deviation of 5 months. For the 25 percent pro-
moted to E-5, the mean time to E-5 was 18 months, also with a standard deviation of
5 months.

Figures 5.1 and 5.2 show the Kaplan-Meier “survival curve” estimates for promotion
to E-4 and E-5, respectively. The Kaplan-Meier estimates take into account the in-
formation revealed by observations that were censored before promotion to E-4 or to
E-5, and so paint a more nuanced picture than the raw percentage in the previous
paragraph. The figures show that, in time, nearly everyone will be promoted to E-4,
and that most are promoted within a fairly narrow window of ten months. Promotion
to E-5, however, is a bit more stringent, and the gentler slope of the estimated sur-
vival curve reflects a wider variance in time to E-5.

We divided the sample into four groups, by whether individuals were faster or slower
than the mean time to E-4, and by whether they were above or below the mean AFQT
for the sample. Figure 5.3 gives Kaplan-Meier survival curves for promotion to E-5 for
these four groups. It shows that time to E-4 seems to play a much more important
role in determining the speed of promotion to E-5 than does AFQT. This leads us to
the hypothesis that entry characteristics, such as AFQT, may only account for a small

part of the total quality of job match as revealed through promotion—a hypothesis
we return to later.

Table 5.1 gives the parameter estimates for the model. All coefficients are significant
at the 1-percent level and have the expected signs.
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Figure 5.1—Kaplan-Meier Survival Curve for Promotion to E-4, Army Occupation
041 (Artillery and Gunnery), 1978 Cohort
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Table 5.1

Parameter Estimates
Army Occupation 041 (Artillery and Gunnery), 1978 Cohort

Parameter Estimate Standard Error
ﬁApQT 0.0069611 0.0019687
Y 0.5553433 0.0793117
oy 0.1360369 0.0077761
a 15.30323 0.3136982
A 0.9812642 0.1563201
% 0.8419524 0.2282601
o 0.0263987 0.002572

Hs 13.22493 0.8621972
o5 2.084913 0.2109257

Figure 5.4 shows the baseline hazard of promotion to E-4 implied by the estimates
for ay, p4, and o4, along with the hazards of promotion for individuals at one
standard deviation of quality higher or lower than average. Figure 5.5 shows the
corresponding survival curves, along with the Kaplan-Meier estimate (which does
not take into account heterogeneity in quality) for comparison. Figures 5.6 and 5.7
similarly illustrate the estimates for the E-5 hazard and survival curves implied by ¢,
U5, and o5. The magnitude of the quality effect can be readily seen in Figures 5.4-5.7;
the E-4 hazard is nearly doubled and the E-5 hazard is more than doubled by a one-
unit increase in quality.

Figures 5.8 and 5.9 illustrate how the quality index is updated over time to take into
account the information revealed by promotion. Both figures are based on the pa-
rameter estimates reported in Table 5.1 and show how people with the illustrated
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Figure 5.4-E-4 Estimated Individual Hazard, Army Occupation 041 (Artillery and
Gunnery), 1978 Cohort
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Figure 5.9—Relative Contribution of Entry Characteristics to Quality Index Diminishes
Over Time

entry characteristics and promotion history are indexed over time. Figure 5.8 por-
trays three individuals with identical entry characteristics but different promotion
histories. Judging by entry characteristics only, these three individuals would be
judged to be of equal quality, but over time differences are revealed by the promo-
tion system. Over the first year or so the index remains flat. Since almost no one is
promoted to E-4 in the first year, very little information is revealed by the lack of
promotion during this time. After the first year, though, people are rapidly promoted
to E-4, so lack of promotion after the first year does reveal information about a per-
son’s quality. If promotion to E-4 occurs, the estimate of the quality index jumps, but
it begins a gentle downward slide as peers are promoted to E-5. Finally, if promotion
to E-5 occurs, the estimate of the quality index jumps again, and no more informa-
tion is revealed.

In contrast to Figure 5.8, Figure 5.9 shows three individuals with differing entry char-
acteristics and identical promotion histories. One individual has an AFQT score 20
points below the group mean, one has an AFQT score at the group mean, and one
has a score 20 points above the group mean. A key point is the diminishing impor-
tance of entry characteristics over time as additional information about quality is re-
vealed through promotion history. The difference in the quality index between the
individual 20 points below the group mean and the individual 20 points above the
group mean is 0.28 units at the first month, whereas by the last month it is 0.16 unit.
Even though entry characteristics enter the quality index with a constant weight,
computation of the expected value of the quality factor is a function of both the entry
characteristics and the promotion history. The computation uses the entry
characteristics to “handicap” individuals: Other things being equal, members with
higher entry characteristics should be promoted sooner than are members with
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lower entry characteristics. If they are not promoted sooner, the expected value of
the quality factor is revised downward to take this into account. Similarly, if members
are promoted sooner than expected given their observed attributes (here, AFQT), the
expected value of the quality factor is revised upward—hence, the diminishing
importance of entry characteristics over time.

In this service, occupation, and cohort, entry characteristics are a small component
of overall quality. The coefficient on the AFQT component of the quality index,
Barqt, is very small—a ten-point change in AFQT! would have the same impact on
the hazard of promotion as a change of 0.0696 in the quality factor. Since the quality
factor has a standard deviation of 1, the effect of AFQT is tiny.2 The effect of overall
quality on promotion, though, is quite large; the estimate for y, implies, at the mar-
gin, a 56 percent change in the hazard of promotion for a unit change in quality.
Similarly, the estimate for y implies, at the margin, an 84 percent change in the haz-
ard of promotion for every unit change in quality.

As one might guess from the small coefficient on AFQT, the percentage of variation of
the quality index accounted for by AFQT is also quite small, only 8 percent. Thus, 92
percent of the variance in the quality index is accounted for by the quality factor.
This result lends plausibility to the hypothesis that entry characteristics, while signif-
icant, are a small component of overall quality as revealed through promotion.

A perennial question motivating our interest in a new measure of personnel quality is
whether the armed forces have succeeded in retaining higher-quality personnel and
separating lower-quality personnel. AFQT is a commonly used measure, and this
sample is true to form in that the members who are retained have average scores
three points lower than those who are separated—a statistically significant differ-
ence. This fact adds credence to the commonly held view that the armed forces have
problems retaining high-quality people. However, if one uses the quality index, the
story is reversed: The members retained are of higher quality than those separated—
by 0.29 unit of the quality index. Going by the coefficient on Barqr, this is equivalent
to a difference of over 40 points on the AFQT! Although this result probably over-
states the case, the fact remains that the difference in quality as revealed through
promotion is quite large and is in the Army’s favor.

Another way of looking at this difference is by examining the effect of the quality in-
dex on a soldier’s decision to stay or leave at the end of the first term. As might be ex-
pected from the above analysis, the relationship between quality and retention is
positive (Table 5.2). This makes good economic sense because individuals with a
higher quality index have been promoted faster (entry characteristics held constant)
and can expect to have a higher earnings stream in their military career, thus making

7 ten-point change in AFQT is approximately one-half the standard deviation.

2Alternatively, this comparison can be stated in terms of the standard deviation of the expected quality
factor across the members in a service-occupation-cohort combination. The empirical estimate of the ex-
pected value of the quality factor has a standard deviation of 0.477, on average, across services, occupa-
tions, and cohorts. In the case of Artillery and Gunnery (041), the standard deviation is 0.454. Thus, a ten-
point change translates into a change of about one-seventh (i.e., 0.0696/0.454) of the empirical standard
deviation of the quality factor, which is still fairly small.



48 Learning About Quality: How the Quality of Military Personnel Is Revealed Over Time

Table 5.2

Logit Regression of Indicator Variable for Retention on Quality
Index, Army Occupation 041 (Artillery and Gunnery),

1978 Cohort
Parameter Specification 1 Specification 2
Constant -0.382 -0.396
(0.0428) (0.0437)
q 1.46 1.77
(0.100) (0.111)
AFQT -0.0214

(0.00242)

NOTE: Standard errors in parentheses.

the military more appealing than a civilian career. Adding AFQT to the specification
does not change the significance of the coefficient on quality, but it does show that
AFQT has the expected effect on retention: If quality is held constant, soldiers with
higher AFQT have a higher propensity to separate. The negative sign on AFQT has a
natural economic interpretation: Soldiers with better outside opportunities (AFQT
being a measure of general ability that is not specific to the military) will tend to
separate, overall quality held constant. Similarly, higher-quality soldiers will tend to
stay in the military, outside opportunities held constant. Thus, we see a sorting
process going on, as the soldiers with a comparative advantage in the military tend to
stay in the military while those with a comparative advantage in the civilian world
tend to leave.

Tying these results back to the theoretical insights in Gibbons and Waldman (1999),
we find support for the hypotheses that large organizations learn about the ability of
their workers over time and that differences in promotion rate observed among
workers are not due solely to differences in entry characteristics or human capital ac-
cumulation rates that are a function of entry characteristics. We find that in the mili-
tary, as in civilian organizations, a large fraction of the variance in promotion rate is
accounted for by characteristics that are only revealed by the performance of the
worker on the job.

Results Across Services, Cohorts, and Occupations

The results across services, cohorts, and occupations confirm in general the results
we saw above in particular. Below, we examine the size of the contribution of AFQT
to the overall quality index, the percentage of the variance of the quality index ex-
plained by the quality factor, differences in AFQT and the quality index between
those who stay in the military and those who leave, and the sorting behavior of indi-
viduals when they decide to stay or leave the military. Detailed tables supporting the
analysis are given in Appendix B.

The analysis was done at the three-digit DoD occupational code level. For quick
reference, Table 5.3 gives the one-digit occupational code definitions and cites where
the interested reader can find the definitions for the three-digit codes.
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Table 5.3
One-Digit DoD Occupational Code Definitions

9]
=3
o
®

Occupation
Infantry, gun crews, and seamanship
Electronic equipment repairers
Communications and Intelligence
Medical and Dental Specialists
Other Technical and Allied specialists
Functional Support and Administration
Electrical/Mechanical equipment repairers
Craftsmen
Service and Supply Handlers
SOURCE: Occupational Conversion Manual, Enlisted/
Officer/Civilian, Department of Defense, Office of the As-
sistant Secretary of Defense, Force Management and Per-
sonnel, DoD 1312.1-M, 1997.

CNDUTR WD =O

Across services, occupations, and cohorts, the coefficient on the AFQT component of the
quality index is generally quite small. (See Appendix B, Tables B.1 through B.4.) The
median value of SsrqT across occupations and cohorts is 0.009 for the Army, 0.018 for
the Air Force, and 0.012 for the Marines (see Figure 5.10). Since the quality factor has
a standard deviation of 1, this means the effect of AFQT is tiny: Even for the Air Force,
a ten-point difference in AFQT translates into only about one-fifth of a standard
deviation of the quality factor.3 However, it is interesting to note the difference
between the Air Force and the other services—the Air Force’s median coefficient is
twice that of the Army’s, and one-and-one-half times that of the Marine Corps’. The
greater role of AFQT in the Air Force quality indexes may arise from the Air Force's
greater reliance on written examination to measure the skills and knowledge
required for promotion.

Across services, occupations, and cohorts, the percentage of variance in the quality in-
dex accounted for by the member-specific component of quality tends to be very large.
As shown in Figure 5.11, the median percentage accounted for by this factor across
occupations and cohorts is 92 percent for the Army, 54 percent for the Air Force, and
87 percent for the Marine Corps. The lower percentage for the Air Force makes sense
given the higher coefficient on AFQT observed above. However, even for the Air
Force over half of the variance in the quality index is accounted for by the
unobserved component of quality that is revealed by promotion. (Statistics by
service, cohort, and occupation are presented in Appendix B in Tables B.5 through
B.7)

In some cases, the variance attributable to the unobserved quality factor is close to 0.
These cases are generally where either 7, or ¥, are close to 0. If one of these coeffi-
cients is close to 0, then quality does not appreciably shift one of the hazards, and the
quality factor cannot be identified. Thus all the weight of the quality index goes to
AFQT.

3Ten points is approximately one-half a standard deviation on the AFQT scale.
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Figure 5.10—The Contribution of AFQT to Overall Quality Is Generally Quite Small
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Figure 5.11—The Quality Factor Accounts for a Large Percentage of Overall Variance

in Quality

Across services, occupations, and cohorts, the AFQT scores of people who decide to stay
in the military tend to be lower than the scores of those who leave. The median differ-
ence in mean AFQT across occupations and cohorts is -3.0 for the Army, -0.7 for the
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Air Force, and -2.3 for the Marine Corps (Figure 5.12). However, just as in the
exemplar case we looked at above, the overall quality index of those who stay tends
to be higher than the overall quality of those who leave. The median difference in
mean quality across occupations and cohorts is 0.21 for the Army, 0.11 for the Air
Force, and 0.32 for the Marines (Figure 5.13). If we use the median values for Barqr as
a gauge, this quality difference is approximately equivalent to an AFQT difference of
23 points for the Army, 6 points for the Air Force, and 27 points for the Marines
(Figure 5.13). So the overall measure of quality that incorporates the information
revealed through promotion timing tells quite a different story from a measure that
relies solely on entry characteristics. (AFQT and quality statistics by service, cohort,
and occupation are presented in Appendix B, Tables B.8 through B.13.)

We observe the same sorting behavior across services, occupations, and cohorts that -
we noted above in our exemplar case. That is, people with a comparative advantage
in the military tend to stay, and people with a comparative advantage in the civilian
world tend to separate. This is reflected by Tables B.14 through B.19 in Appendix B,
‘which summarize the results of a logit regression of an indicator variable for reen-
listment on the quality index and on AFQT. The first of each pair of tables shows the
coefficient on the quality index, and the second shows the coefficient on AFQT. With
only a few exceptions, the coefficient on the quality index is positive and significant
at the 1-percent level, and the coefficient on AFQT is negative and significant at the
1-percent level. This echoes the results we saw above for a single service, occupation,
and cohort: Higher-quality people, AFQT held constant, will tend to reenlist; people
with higher AFQT scores, overall quality held constant, will tend to separate.

RAND MR1593-5.12

Median difference in mean AFQT score

Army Air Force Marine Corps

Figure 5.12—People Who Stay Have Lower AFQT Scores on Average
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Figure 5.13—People Who Stay Are Higher Quality on Average
The Case of the Navy

Above we presented results for all services except the Navy. This is for good reason: It
proved in many cases impossible to get reliable estimates of the quality index for the
Navy. The reasons are interesting and may have an implication for Navy promotion
policy.

We can gain some intuition by examining Figure 5.14. It shows the cumulative per-
centage promoted to E-5 by months spent in E-4. The Navy chart looks different from
those of the other services. Whereas the curve showing the cumulative percentage
promoted to E-5 is relatively smooth for the Army, Air Force, and Marines, the curve
for the Navy looks like a staircase. This is because the vast majority of promotions in
the Navy are lumped together in six-month increments. This lumping means that the
Navy does not make fine distinctions in performance when making promotion tim-
ing decisions. People of different quality are lumped together. Unfortunately, since
our model uses correlations in promotion timing across E-4 and E-5 to identify un-
observed quality, the lumping weakens the correlation and makes this identification
difficult or impossible.

The policy implication is this: The Navy is apparently not taking full advantage of the
flexibility it has in promotion timing. By making finer distinctions in performance
and timing promotions appropriately, the Navy may be able to do a better job of en-
couraging higher-quality sailors to reenlist and lower-quality sailors to separate. If
the Navy perceives sorting out the good from the bad to be a problem, it may want to
explore alternatives to its present policy of lumping promotions together in six-
month intervals.
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Figure 5.14—Navy Promotion Timing Does Not Distinguish Among Small Differences
: in Performance

PROBLEMS IN ESTIMATING THE MODEL

For about 10 percent of the samples we took, we were not able to estimate the model.
This was in large part due to the low fraction of individuals promoted to E-5 in many
of these samples during the first term. In a logit regression of an indicator variable for
unsuccessful estimation on the percentage promoted to E-5, the coefficient on per-
centage promoted is large, negative, and significant. Tables B.20-B.22 in Appendix B
show the fraction promoted to E-5 in the first term by year and occupation. Those
samples with fewer than 1,000 observations are in the light gray cells; of the remain-
ing cells, those that are darker gray represent where we were unable to estimate the
quality model because the model did not converge.

This is an increasing problem over time, because the fraction promoted to E-5 in the
first term has largely been declining. Figure 5.15 shows the median fraction pro-
moted to E-5 for those occupations with more than 1,000 individuals. In future work,
it would be desirable to incorporate the reenlistment decision into the model, so that
we could use the promotion histories of those who reenlist to supplement the quality
information revealed during members’ first term.
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Chapter Six
CONCLUSIONS

VALUE OF ANEW MEASURE OF QUALITY

Our objective in this research was to expand the definition of enlisted personnel
quality in a way that includes information revealed through actual performance
during the first term. As mentioned earlier, the customary measures of quality, -
namely, AFQT score and HSDG status, are excellent point-of-entry measures but
provide only limited information about how well a member will perform during the
first term. Moreover, because the military cares about who stays and who goes, it is
important not to ignore information revealed “on the job.” Thus, this important
question motivated our work: Is the military keeping the members with the best
performance and the best potential? The methodology we used provides one ap-
proach to answering that question. Our approach has the advantage of using much
of the available data on members’ performance during the first term. The approach
capitalizes on the services’ specific, well-understood promotion systems and the fact
that the time of promotion reflects the member’s performance with respect to the
promotion criteria. That is, high performers are promoted sooner.

IDENTIFYING AND RETAINING HIGH-QUALITY MEMBERS

Studies of the relationship between reenlistment and AFQT generally find that AFQT
is negatively related to reenlistment. Higher-AFQT members are somewhat more
likely to leave the military than are lower-AFQT members. We found that AFQT has a
positive effect on the estimate of quality that we compute. This positive effect has its
roots in the shorter promotion times of higher-AFQT members. But AFQT is only one
piece of estimated quality; the other piece is the member’s own component of qual-

ity, or the quality factor. '

We think the quality factor reflects the interaction of taste for the military, effort, and
ability. A high-taste member presumably has a stronger incentive to exert effort for
career advancement. This member wants to make a good career in the military and
recognizes that future opportunities depend on demonstrated performance. High
ability enables the member to accomplish tasks faster and do a wider variety of tasks
for a given amount of effort. That is, ability can boost a high-taste, high-effort mem-
ber’s progress toward promotion. We have described quality not as “ability” or
“aptitude” but as the quality of job match between the member and the military. A
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good match indicates that the member, given taste and ability, has made the effort to
perform persistently well and that the service, having viewed the member in compar-
ison with other members being judged by the same criteria, recognizes the superior
performance.

We found that AFQT has a negative effect on reenlistment and that the quality factor
has a positive effect. But we have just argued that the quality factor is a combination
of taste, ability, and effort, thus raising the concern that the high-quality members
who stay might have high taste and high effort but not high ability. We think this is
unlikely. It seems reasonable to assume that AFQT score, which reflects cognitive
ability and achievement, is positively correlated with other dimensions of ability. It
also seems reasonable that ability is not correlated with taste for the military. Under
these assumptions, and remembering that the relationship between AFQT and reen-
listment is slight though negative, it is improbable that members who leave will be
disproportionately high-ability, holding AFQT constant. By the same token, mem-
bers who stay in the military are likely to have high taste, high effort, and at least rea-
sonably high ability.

We also found that the quality factor accounts for a large fraction of the variance of
quality among members at the end of the first term. A thumbnail summary is that the
quality factor accounts for 92, 54, and 87 percent of the variance for the Army, Air
Force, and Marine Corps, respectively, with AFQT accounting for the remainder. This
finding gives strong empirical support to theoretical literature that stresses the role of
firms’ learning about the quality of workers through their performance on the job
(e.g., Gibbons and Waldman, 1999).

Our approach may seem overly complicated. If information about a member’s qual-
ity is contained in promotion times, it would seem more direct simply to use the time
to E-4 and the time to E-5 to build a first-term quality measure. But most promotions
to E-5 do not occur in the first term, so time to E-5 is often impossible to observe. Al-
lowing for censored observations, one could estimate an E-5 promotion-hazard
function and predict a member’s expected time to E-5. But the expected time to E-5
is not good enough because it assumes, in effect, that the member is on a par with his
or her peers. We instead want to know whether the member is faster or slower to E-5
than expected given the member’s observed characteristics (AFQT). The same point
applies to E-4. We therefore implemented a two-stage procedure: Estimate the E-4
and E-5 promotion-hazard functions, then use Bayesian updatmg to infer the ex-
pected value of a member’s quality factor.

It may also seem that the positive relationship we find between quality and reenlist-
ment is circular, but it is not. All the information that goes into the estimate of quality
comes before the reenlistment decision, and the reenlistment decision itself is
not factored into the quality estimate. That is, in a formal sense, the estimate of qual-
ity does not depend on the reenlistment decision. Furthermore, we think two forces
drive the relationship between quality and reenlistment. The first is the member’s
taste for the military; the second is the effect of current high performance on
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future opportunities. We expect the interaction of taste, effort, and ability to affect
performance—and hence estimated quality. We also expect taste to affect retention.
Members with high taste are of course more likely to reenlist, and high-quality mem-
bers are more likely to reenlist because they can expect a military career of better,
more challenging assignments and higher pay if they keep up their performance.

It is not a foregone conclusion that high-quality members are more likely to stay in
the military. Taste for the military will tend to keep them in the military, but military
training and experience often translate into private-sector job opportunities. Con-
sider a member who trains in a high-tech skill that is highly transferable to civilian
employers. The member has strong self-interest to complete training, do well on the
job, and generally demonstrate competence. Moreover, since training is ample and
free, there is all the more reason to learn as much as possible while in the military.
The member can leave with a good record and a good set of skills. The Air Force
is fairly explicit about this: It denotes skill level by the terms “apprentice,”
“journeyman,” “craftsman,” and “master craftsman” and these descriptors are easily
communicated to potential private-sector employers. Thus, since high-quality mem-
bers could easily leave the military, it is reassuring that they tend to stay—and it is re-
assuring to know that stayers have had above-average quality (holding AFQT con-
stant).

USES OF THE NEW MEASURE OF QUALITY

We have used the new measure to show that at the end of the first term, the military
tends to keep higher-quality members even though it loses, to a slight degree, higher-
AFQT members. These findings confirm the findings of Ward and Tan (1985), who
examined eight specialties in the early years of the All-Volunteer Force—two special-
ties in each service for members who entered service in 1974. Our 334 combinations
of service, occupation, and cohort for 14 cohorts, 1979 to 1992, provide massive con-
firmation of the importance of AFQT in quality, the greater importance of the mem-
ber’s quality factor, and the retention of higher-quality members at the end of the
first term.

In future work, we and our colleagues plan to use our quality estimates to learn
whether high-quality members have higher retention throughout their career and
rise to higher ranks more rapidly. If this is the case, the results will indicate that the
military personnel management and compensation systems are generally working
well. It is not a foregone conclusion that the military will disproportionately keep
members with a higher-quality of job match, and it would be a matter of concern if
they did not.

Furthermore, our research provides a replicable method to determine how policy
changes affect the retention of high-quality members. For the same reason that one
is interested in whether pay, promotion, training, or career advancement opportuni-
ties are attractive enough to hold onto high-AFQT members, one is interested in
whether high-quality members stay.
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LIMITATIONS OF THE MODEL

Although this modeling exercise has been largely successful, we have found the
model to have an Achilles’ heel. The model can only be estimated if a sufficiently
large fraction of first-term enlistees are promoted to E-5. This is cause for concern
because the fraction promoted to E-5 by the end of the first term is declining. Thus, it
would be desirable to extend the model to include the reenlistment decision, so that
we could use the promotion histories of those who reenlist to supplement the quality
information revealed during members’ first term.

Several other limitations could be addressed in further work. We relied on the speed
of promotion to indicate the quality of the job match between the member and the
military. But we did not validate whether promotion speed reflected “job perfor-
mance.” As we stated, our findings are conditional on the assumption that promo-
tion speed reflects the quality of the job match. It may be worthwhile to consider
studies that validate the relationship between promotion speed and objective mea-
sures of job performance. In the military, job performance has many aspects; the
member is responsible not only for doing certain tasks that present themselves but
also for being ready to do a full range of mission-essential tasks. Therefore, validation
studies cannot simply look at a service member as though he or she were a worker
doing a single assigned task.

Further, although we have estimated models for different cohorts, it is difficult to
compare across cohorts. Such comparisons would help determine whether or not the
services have been increasingly successful in keeping high-quality members. The
concern is that the quality factor is measured on a relative basis; it depends on a
member’s promotion speed relative to that of peers. The services do not necessarily
slow down the promotion tempo for cohorts of lower absolute quality or speed it up
for cohorts of higher absolute quality. Consider a member with high absolute quality.
The member would be promoted quickly if his or her peers were of low absolute
quality but more slowly if the peers were of high absolute quality. The best available
metric of absolute quality is AFQT score, and it enters into the determination of the
member’s expected quality factor. AFQT can be used as an absolute quality measure
to facilitate cross-cohort comparisons in terms of our broader measure of quality. We
have described an approach for making cross-cohort comparisons in Appendix A,
but we recognize that future work is required to refine and implement the approach.

Second, the length of time spent in the first term is treated as exogenous to the pro-
motion process and to the determination of quality. That is, both attrition/
completion and choice of first-term length are taken as given. But they might contain
information about a person’s quality. The model might be extended to include
equations for attrition and term-length choice. But implementing this approach
requires data that are not readily available. The choice of term length depends on the
choice set offered to the member at the time of enlistment, i.e., whether two- and six-
year terms are offered, or only three- and four-year terms, or even only four-year
terms. It also depends on the enlistment incentives available, e.g., a larger enlistment
bonus or educational benefit for a four-year term than for a three-year term. Perhaps
the term-length choice set could be approximated by observing the actual range of
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choices made by all members of a cohort entering service in a given six- or twelve-
month window. But data on enlistment incentives would still be needed.

The model could be extended to E-6 and E-7. This would make it possible to test
whether the structure of quality (the effect of AFQT on quality and the value of the
member’s quality factor) is the same as it is at E-4 and E-5. In the higher ranks, more
of a premium is placed on leadership, supervisory, and managerial skills as opposed
to knowledge and proficiency in specific occupational tasks. Extending the model to
higher ranks involves combining retention behavior as well. This is necessary be-
cause the retention process is expected to be selective with respect to quality. Quality
could change if the member’s level of effort changes and the change persists. If the
- perceived time to E-6 or E-7 is long, or if promotion itself is improbable before
reaching an up-or-out constraint, a member may exert less effort than previously. A
change in effort or a change in the factors required for promotion, e.g., the ability to
.lead, the ability to communicate clearly, or the ability to work in teams, could lead to
a change in the estimate of unobserved quality.
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Appendix A
STANDARDIZATION AND COMPARISON BETWEEN GROUPS

This appendix outlines an approach to two topics relevant to possible future appli-
cations involving estimates of the quality model. These are (1) the standardization of
expected quality and (2) the comparison of quality across groups.

STANDARDIZATION

The quality model can be used to compare expected quality across groups (cohorts,
occupations, and services). However, standardization is required to make these
comparisons meaningful. This is because, for reasons unrelated to quality, groups
can differ in the percentage promoted to E-5 within the first term and in the influ-
ence of quality on promotion speed. We therefore want to adjust for these differences
and focus on quality as defined by ¢; = Bx; +¢;.

An example provides the rationale for standardizing. In the late 1970s and early
1980s, many signs indicated poor personnel outcomes: Recruits had low AFQT scores
and education, attrition was high, and reenlistment rates were low. High attrition
rates and low reenlistment rates, coupled with a fairly constant overall force size and
rigid manning requirements for personnel by rank, led to more-rapid promotions. At
that time, in other words, the military personnel system advanced low-quality co-
horts more rapidly through the ranks. This produced a lower mean time to promo-
tion and possibly a smaller variance in time to promotion. Further, because of the
faster promotion rates, a higher percentage of personnel were promoted to E-5 in the
first term. Consequently, if simply judged by promotion speed, these low-quality co-
horts might be mistaken for high-quality cohorts compared with later cohorts that
faced slower promotion speed.

Standardizing the Unobserved Component of Quality

The parameters of the baseline hazard function control for the median time to pro-
motion, dispersion of time to promotion, and asymptotic level of the hazard rate.
Therefore, when the model is estimated for different groups, the baseline hazard
controls for groups’ differences in median time, dispersion, and asymptotic hazard.
With these differences controlled, we can isolate the effect of quality on shifting the
baseline hazard function. Further, the quality shift effect is comparable across groups
because quality is always measured in units of standard deviation. In particular,
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when we handicap and control for the service member’s entry characteristics, any
remaining shifts come from draws of unobserved quality, which has a standard nor-
mal density.

Still, it is worth adding a word of caution: The statistical standardization of expected
quality must be distinguished from the meaningful revelation of quality. More
bluntly, if quality does not make a difference in determining promotion speed, we
cannot learn about quality from promotion speed. If the promotion process in one
group is insensitive to quality, then even though that group might contain equally
many high-quality personnel, their quality cannot be as well detected through this
method, which relies on promotion speed to indicate quality.

Thus, our confidence in the use of promotion speed to detect quality depends on the
nature of the promotion system and its comparability across groups (e.g., occupa-
tions, services) and over time. Fortunately, the military promotion system is not a
rubber stamp process but involves explicit criteria related to knowledge, skills, per-
formance, attitude, and potential (Williamson, 1999). Still, because skills, knowledge,
and activities differ across occupations and services, the relationship between quality
and promotion may differ. And because equipment and doctrine change over time,
even comparisons within an occupation in a service may contain elements of non-
comparability over a long enough time. As a working assumption, though, we place
greatest confidence in comparisons of expected quality at the level of occupation
within a service, or grouping of similar occupations within a service.

Standardizing for Percentage Promoted to E-5

Two groups could have the same intrinsic quality (i.e., the same f in g; = fx; +¢;),
but one group could have a higher percentage promoted to E-5 within the first term.
This is an important difference because time to E-5 is a key contributor to the esti-
mate of expected quality. Suppose that only 10 percent of personnel reached E-5 in
the first term. Then for 90 percent there would be uncertainty over whether E-5
would be reached rapidly or slowly relative to the group average. This uncertainty
would be handled probabilistically by the expected value computation, with a low
chance of a very early promotion (given that one did not occur in the first term),
higher chances of promotion near the mean time, and a low chance of a very late
promotion. As a result, the expected value of a member’s quality factor would largely
look like that of the a priori average person (for whom time to promotion had not yet
been observed). Since the model norms expected quality to 0, expected value of this
member’s quality factor would therefore be approximately 0.

The situation improves as the percentage promoted to E-5 increases, as can be seen
by going to the other extreme of supposing 90 percent of personnel reached E-5 in
the first term. Then we would know their exact residual in the time-to-promotion
equation and could tell whether they were fast or slow, information that the model
would use to provide a more precise reading of the member’s quality. Moreover,
even for the 10 percent who were not promoted and therefore do not have a known
date of promotion, we do know their promotion must occur in the slowest decile.



Standardization and Comparison Between Groups 63

The model will essentially use the expected value of the quality factor of the slowest
decile and so assign a low value to the member.

By implication, one group could appear to be higher-quality than another group be-
cause the first group had, say, 40 percent promoted to E-5 in the first term versus the
second group’s 10 percent. The appearance of higher quality would simply be the re-
sult of greater revelation of quality during the first term, not higher quality. To control
for this apparent difference when comparing two groups, expected quality can be
computed under the constraint of taking only the first 10 percent promoted to E-5
from the group having 40 percent promoted. For percentiles 11-40, we would com-
pute their expected quality as though the date of E-5 promotion were unknown. In
this way, both groups have the same percentage promoted to E-5—in actuality for
one group and by construction for the other. '

But although we gain comparability between the groups, we suffer a significant loss
of information about the revealed quality of the other 30 percent who were also pro-
moted. There seems to be no way around this situation if we rely on time to promo-
tion to indicate quality.

However, data on promotion points might mitigate this problem. Promotion speed
depends on a member’s promotion points relative to peers and on the minimum
score for promotion (“cut score”). An E-4 service member gradually accumulates
promotion points toward E-5. Observing these promotion points as of the end of the
first term (or the date of exit from service, if earlier) provides an ongoing record of
performance and merit. Service members who accumulate promotion points more
rapidly will be promoted more rapidly. Thus, promotion points are a bellwether of
time to promotion. Moreover, because promotion points are not censored,! they
should provide fairly accurate information about a person’s likely place in the pro-
motion queue. It is possible to estimate the quality model by using, alternatively,
eight E-5 promotion points or time to E-5. Doing so would allow comparison of (a)
the correspondence between expected quality based on promotion points versus
time to promotion, and (b) the gain in information about quality from promotion
points versus time to promotion.

COMPARING QUALITY BETWEEN GROUPS

We are interested in how to compare expected quality between two groups—call
them group 1 and group 2. As we know, expected quality for a member equals a lin-
ear sum of entry characteristic effects and the expected value of the quality factor.
The entry characteristic effects are linear, but the expected quality factor depends
nonlinearly on the model parameters and the entry characteristics. Moreover, the
expected quality factor cannot be computed without counterfactual values of pro-

IBy not censored, we mean that promotion points are observed outright. For example, a person might have
320 promotion points as of a certain date, whereas if promotion points were censored, we might know
only that the person had 200 promotion points or more. Similarly, if a person has not been promoted as of
the end of the first term, say the 48th month of service, we know only that the month of promotion will be
greater than 48 months. :
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motion outcomes, which indicate the promotion outcome that would have occurred
if a member of group 1 were placed in the context of group 2.

Even though expected quality contains a nonlinear term, it is useful to begin our dis-
cussion with reference to the usual approach to group comparisons applied to linear
functions. In these models, the average predicted value, say iv, equals the prediction
at the average of the explanatory variables, say u. The difference between groups in
the predicted mean can be partitioned into a weighted sum of the difference in pa-
rameters and the difference in explanatory variable means:

Wy —Wy = Pty — Bolto = (By — Bo)piy + (1) = 2) B

The quality model differs from this linear-model comparison. In the quality model,
the explanatory variables have been differenced from the group mean and, as men-
tioned, expected unobserved quality is nonlinear.

To see the effect of differencing the explanatory variables from the mean, we will
consider the population of group 1 and begin by focusing on member i of that group.
Altering the notation we have used throughout this report, let x; -y, be i's entry
characteristics differenced from the group 1 mean and x; — y1, be the characteristics
differenced from the group 2 mean. The a priori difference in expected quality for
this person when placed in group 2 versus group 1 is

i1 —Gi,2 = Pr(x; — 1) = Bo(x; — 1)

Because this is an a priori difference, the expected value of the quality factor is 0 and
so does not appear. To form the group difference in expected quality, we average
over the members of the group 1 population, finding

q1—q2 = Br(uy — 1) - Bopyg — ptp)
== (U1 - 1)

since X; =0. This can be rewritten as
G~ G2 =Pl - ).

It follows that if group 2 has higher average entry characteristics than group 1
(1 — u; >0) and the effect of those characteristics on quality is positive (3, >0), then
g1 -G, >0. That is, group 1 members will have higher average quality when judged
against their own average than when judged against the higher average entry
characteristics of group 2. For the low-AFQT, low-education cohorts of the late 1970s
and 1980s, many personnel whose x; was above average in their own cohorts will
have below-average values of x; when placed in the context of high-AFQT, high-
education cohorts. This fact alone will contribute to their having a low expected
quality relative to that of the high-quality cohorts.
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The next step toward group comparisons is obtaining counterfactural values of pro-
motion outcomes. The promotion outcome is observed only in the context of a
member’s own cohort and therefore must be imputed in the context of other cohorts.
The reason for the imputation echoes the preceding discussion. Suppose groups 1
and 2 have identical means; this allows us to abstract from the kind of differences
discussed in the preceding paragraph. Suppose the member’s own group generally
had fast promotions but the member had a slower-than-expected promotion in that
context, given the member’s entry characteristics. In other words, actual promotion
time was slower than handicapped time, which is the time expected on the basis of
entry characteristics. Next, place the member in a group that generally had slow
promotions. We may now find that the member’s observed promotion time is faster
than average relative to the promotion speed in this group, again controlling for en-
try characteristics. Therefore, a member who is relatively slow in his or her own
group and whose quality factor is expected to have a negative value will be relatively
fast in the other group and therefore will be expected to have a positive quality factor.
Notice that this does not depend at all on differences between the explanatory vari-
able means in the groups because they are assumed to be equal. Instead, the differ-
ence depends on military personnel system factors that govern the speed of promo-
tion for each group. Still, in the more general case, differences in means must also be
taken into account.

To address the problem of imputing promotion outcomes in group 2 for a member of
group 1, we propose a procedure that first asks what the promotion outcome would
have been with group 2 parameters but keeping the member at group 1 means—i.e.,
keeping the member’s entry-level quality constant—and then adjusts the promotion
outcome for the difference in entry quality that arises from a comparison of the
member with group 2 means instead of with group 1 means.

For the first part of the procedure, we seek a promotion outcome, denoted ¢/, such
that the probability of a member’s being promoted by ¢/ in group 2 is the same as the
probability of being promoted by ¢; in his own cohort, given entry characteristics
differenced against group 1 means. By finding ¢/, we are able to place the member in
the same position on the time-to-promotion distribution for group 2 as on the group
1 distribution. '

We express this as follows. Define x; —u, as above. Let 6; and 6, be the parameters
for group 1 and group 2, respectively. Let ¢; be the actual promotion outcome and let
t/ be the promotion outcome we want to find. Finally, let F( ) be the time-to-
promotion distribution. Then, ¢/ is defined by the relationship

F(t|x; — u1,02) =F (t; | x; — 141,61) .

It is feasible to compute #/ with this relationship because, once the quality model has
been estimated, the time-to-promotion distribution can be derived from the esti-
mates. Furthermore, the relationship conditions #/ on the parameters appropriate to
each group. Thus, for example, if the average time to promotion is faster in group 2,
that is reflected in the mean of its distribution. The result of this step is to assign a
promotion outcome that places the member as far ahead or behind his handicapped
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time of promotion in group 2 as he is in his own group, holding his entry characteris-
tics constant with respect to the group 1 mean.

Given ¢{, the next step is to adjust it for any difference between group 1 and group 2
mean entry characteristics. In this step, we are keeping t/ the same and working
within the structure 6, of group 2, whereas in the first step we shifted from the
structure of group 1 to that of group 2. We ask, What is the probability of promotion
by ¢ if the member’s entry characteristics change from x; - y; to x; — i, in the con-
text of group 22 This is expressed as F(t/|x; - 15,6, ). For instance, if group 2 has a
higher mean than group 1, then the member’s entry characteristics are relatively
poorer: x; — Uy <x; - jj. As a result, the chance of being promoted by ¢/ is lower:

F(ti|x;—12,0,) <F(t{|x; - 117,6,).

Once we have obtained F(t/|x; - u,,6,), we can take the first derivative to produce
the probability density at #/: dF(t}|x;—u,,0,)=p(t}|x; - 1»,0,). The probability
density is used in computing the expected quality factor.

Note that we can use the above approach in different variants, depending on the
comparison to be made. Specifically, we can compute a member’s expected quality
factor as

* & for group 1 parameter values and group 1 means
e ¢, for group 1 parameter values and group 2 means
® &y for group 2 parameter values and group 1 means

* gy, for group 2 parameter values and group 2 means.

If the member belongs to group 1, then ¢;;; and &;;, will be based on the member’s
observed promotion outcome, whereas €;5; and €;,, will be based on an imputed
value of the promotion outcome. Here, for member i, €;;;-¢;,, equals the difference
in the expected quality factor attributable to the difference between group means,
given group 1 parameters; &;;— €;; equals the difference in the expected quality
factor due to differences in group parameters, given group 1 means; etc. Also, &, -
€;2> equals the difference in member i's expected quality factor attributable to pa-
rameter differences and mean differences.

To apply these concepts, we ask how group 1 would have done in the context of
group 2. For each member of group 1, we compute expected quality subject to the
member’s own group means and parameters and subject to group 2 means and pa-
rameters. Then, for this member,

Gin1 —diz2 = Bix; — 1) - Bo (X; = 12) + €511 — €2 -
Averaging across group members we obtain

q11—G22 = Ba(ty — 1))+ &) —E5 .
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It should be borne in mind that the values taken by the quality factor generally
change over the course of the first term as promotion outcomes are realized. Hence,
the group average value of the expected quality factor will vary with time. Thus, for
comparisons of quality across groups, it may be helpful to pick a certain point—for
example, the 36th month or the 48th month. The later in the term, the more infor-
mation on promotion is available for estimating the quality factor.
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This appendix provides detailed tables to support the analysis in this report.
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Table B.1
Army Estimates of Coefficient on AQFT for FY 1978-1984

FY
Occupation 1978 1979 1980 1981 1982 1983 1984
41 0.0070** 0.0042 0.0036 0.0098** 0.0175**  0.0074* 0.0067*
(0.0020) (0.0025) (0.0037) (0.0035) (0.0043) (0.0032) (0.0033)
42 0.0032
(0.0025)
43 0.0057** 0.0030 0.0065**  0.0134* 0.0068**  0.0049* 0.0111**
(0.0020) (0.0020) (0.0021) (0.0065) (0.0016) (0.0021) (0.0020)
101 0.0037* 0.0071**  0.0067* 0.0104**  0.0085** 0.0086**
(0.0015) (0.0025) (0.0017) (0.0033) (0.0024) (0.0020)
121 0.0025 0.0046* 0.0058*
(0.0014) (0.0019) (0.0026)
201 0.0082** 0.0005 0.0096**  0.0164** 0.0198**  0.0051** 0.0024
(0.0022) (0.0016) (0.0029) {0.0030) (0.0029) (0.0017) {0.0017)
202 0.0057 0.0058* 0.0099**  0.2759** 0.0033 0.0082** 0.0075**
(0.0031) (0.0025) (0.0024) (0.0345) (0.0017) (0.0022) (0.0022)
231 0.0634** 0.0523** 2.0869**  1.6597**
(0.0097) (0.0128) (0.1057) (0.1051)
250 0.0077%* 0.0122**  0.0145**  0.0188* 0.0160**  0.0177** 0.0274
(0.0019) (0.0016) (0.0028) (0.0065) (0.0040) (0.0037) (0.0167)
260 0.0060** 0.0096**  0.0070* 0.0130**  0.0088** 0.0053**
(0.0018) (0.0018) (0.0029) (0.0022) (0.0022) (0.0016)
300 0.0093** 0.0081**  0.0089**  0.0025 0.0082**  0.0090** 0.0111*
(0.0018) (0.0022) (0.0027)  (0.0014) (0.0019) (0.0020) (0.0018)
494 0.0051 0.0096**
" (0.0032) (0.0030)
500 0.0092** 0.0081**  0.0077**  0.0146** 0.0154**  0.0255** 0.0227**
(0.0019) (0.0020) (0.0016) {0.0045) (0.0020) (0.0039) {0.0037)
510 0.0090** 0.0082**  0.0076** 0.0165**  0.0169** 0.0262**
(0.0022) (0.0016) (0.0017) (0.0024) (0.0020) (0.0069)
551 0.0043** 0.0048* 0.0011 0.0175** 0.0153**  0.0054** 0.0093**
(0.0016) (0.0022) (0.0044) (0.0064) (0.0056) (0.0017) (0.0016)
552 0.0027 0.0053**  0.0007 0.0103** 0.0191*  0.0105** 0.0141*
(0.0014) (0.0020)  (0.0016) (0.0039) (0.0055) (0.0017) (0.0020)
600 0.0075** 0.0085**  0.0093**  0.0087** 0.0074**  0.0101** 0.0116**
(0.0012) (0.0023) (0.0019) {0.0015) (0.0023) {0.0020) (0.0019)
610 0.0020 0.0041 0.0090**  0.0108* 0.0152* 0.0208** 0.0096**
(0.0013) {0.0023) (0.0032) (0.0053) (0.0063) 0.0071) {0.0029)
611 0.0017 0.0015 0.0045**  0.0100** 0.2623**  0.2992** 0.0016
(0.0017) (0.0023) (0.0017) (0.0029) (0.0310) (0.0283) (0.0016)
621 0.0159** 0.0039 0.0028 0.3298** 0.0010 0.0002 0.0030
(0.0029) (0.0040) (0.0031) (0.0481) (0.0016) (0.0015) (0.0043)
662 0.0034 0.0037 0.0036*
(0.0018) (0.0026) (0.0015)
713 0.0051 0.0061 0.0130** 0.0102**
(0.0028) (0.0046) (0.0029) (0.0033)
800 0.0059** 0.0072 0.0044 0.0010 0.0010 0.0084** 0.0035*
(0.0020) (0.0132) (0.0045) (0.0019) (0.0016) (0.0023) (0.0017)
811 0.0019 0.0055* 0.0002 0.4149** 0.0052 0.0090**
(0.0014) (0.0025) (0.0021) (0.1231) (0.0042) (0.0030)
821 0.0224 0.0018 0.0138**
(0.0121) (0.0027) (0.0030)
830 0.0063** 0.0077**  0.0014 0.0098**  0.0083** 0.0139**
(0.0024) (0.0013) (0.0015) (0.0022) (0.0022) (0.0021)

NOTE: Standard errors in parentheses.
*Statistically significant at the 0.05 level.
**Statistically significant at the 0.01 level.
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Table B.2
Army Estimates of Coefficient on AQFT for FY 1985-1992

FY
Occupation 1985 1986 1987 1988 1989 1990 1991 1992
41 0.0177*  0.1522**  0.0214** 0.0053 0.0014 0.0075*  0.0021
0.0075)  (0.0330)  (0.0027) (0.0028)  (0.0021)  (0.0022) (0.0040)
42
43 0.0253**  0.4087** 0.0143*  0.0121* 0.0084*  0.0067**  0.0129**
(0.0065)  (0.0354) (0.0069) (0.0024) (0.0019)  (0.0023)  (0.0029)
101 0.0052**  0.0123** 0.0205**  0.0355** 0.0059
(0.0013)  (0.0046) (0.0038)  (0.0106) (0.0035)
121
201 0.0112**  0.1715** 0.0054*  0.0091** 0.0018 0.0001 0.0070*  0.0019
: (0.0028)  (0.0146) (0.0023) (0.0019) (0.0020)  (0.0020)  (0.0029) (0.0040)
202 0.0028 0.0033*  0.0143 0.0040
(0.0017)  (0.0015) (0.0091)  (0.0031)
231 0.0501** 0.0447*  0.0444*  0.0154**
(0.0178) (0.0098)  (0.0097)  (0.0050)
250 0.0371*  0.4920* 0.0137** 0.0104** 0.0085**  0.0069**  0.0067** 0.0127**
(0.0146)  (0.0546) (0.0045)  (0.0038) (0.0019)  (0.0025)  (0.0019) (0.0026)
260 0.0137** 0.0029 0.0190 0.0074*
(0.0048) (0.0030)  (0.0150)  (0.0036)
300 0.0124**  0.0103** 0.0121** 0.0114** 0.0053*  0.0025 0.0051  0.0092**,
(0.0018)  (0.0020) (0.0043)  (0.0027) (0.0021)  (0.0027)  (0.0030) (0.0025)
494 0.0060 0.0073**
(0.0044)  (0.0025)
500 0.0147**  0.0104** 0.0131** 0.3621** 0.0090*  0.0036
0.0023)  (0.0021)  (0.0020) (0.0801) (0.0034)  (0.0048)
510 0.0195**  0.0336** 0.0094**  0.0126** 0.0100 0.0060  0.0055
0.0043)  (0.0061) (0.0023)  (0.0048)  (0.0097) (0.0077)  (0.0037)
551 0.0203*  0.2148* 0.0127*  0.0096** 0.0069*  0.0070 0.0039  0.0037
(0.0044)  (0.0200) (0.0060) (0.0023) (0.0033) (0.0169)  (0.0024) (0.0026)
552 0.0189**  0.0136** 0.0135**  0.0098**  0.0050 0.0088**
(0.0068)  (0.0038) (0.0041) (0.0001) (0.0030)  (0.0028)
600 0.0204**  0.0130** 0.0220**  0.0096** 0.0085**
(0.0035)  (0.0021) (0.0030)  (0.0031)  (0.0030)
610 0.3153*  0.1280** 0.0257 0.0112**  0.0001 0.0044*  0.0092** 0.0023
(0.0305)  (0.0285) (0.0160) (0.0037) (0.0033)  (0.0021)  (0.0033) (0.0168)
611 0.0121**  0.0170** 0.0138** 0.0033  0.0019 0.0041 0.0028  0.0036
(0.0040)  (0.0038) (0.0032) (0.0021) (0.0070)  (0.0023)  (0.0031) (0.0027)
621 0.0048 '
(0.0029)
662 0.0030*  0.1930** 0.0160 0.0163*  0.0036 0.0030
(0.0014) ~ (0.0288) (0.0100) (0.0066) (0.0026) (0.0098)
713
800 0.0010 0.0113  0.0273 0.0057*  0.0011 0.0062**  0.0029  0.0084**
0.0014)  (0.0070) (0.0543) (0.0027) (0.0015)  (0.0022)  (0.0027) (0.0021)
811 0.4618**  0.0220  0.0006 0.0443**  0.0033 0.0029 0.0090*  0.0026
. (0.0419)  (0.0124) (0.0018) (0.0109) (0.0038)  (0.0113)  (0.0029) (0.0046)
821 0.6470**  0.0198*  0.0057** 0.0027 0.0039
(0.0793)  (0.0092) (0.0019) (0.0033) (0.0033)
830 0.0117**  0.0138** 0.0223**  0.0139** 0.0124**  0.0073** ° 0.0072  0.0096*
(0.0019)  (0.0024) (0.0030) (0.0020) (0.0024)  (0.0010)  (0.0042) (0.0047)

NOTE: Standard errors in parentheses.
*Statistically significant at the 0.05 level.
**Statistically significant at the 0.01 level.
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Table B.5
Percentage of Variation in Quality Index Attributable to Unobserved Ability: Army

FY

Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
41 92 98 96 82 43 95 39 0 53 100 95 99
42 99
43 95 99 96 49 95 97 87 24 0 44 87 93 95 84
101 98 90 94 8 92 94 97 79 56 11 97
121 99 98 97
201 88 100 90 59 49 97 99 77 0 97 93 100 100 96 100
202 97 91 0 99 94 9 99 99 62 99
231 0 2 0 0 1 3 11 69
250 91 80 66 32 54 44 21 7 0 83 92 94 96 84
260 96 92 96 81 91 97 65 99 31 97
300 83 9 89 99 92 92 87 92 89 89 97 94 93
494 96 89 97 95
500 89 93 93 69 76 45 54 86 93 8% 0 94 99
510 89 92 92 68 72 27 93 88 98 98
551 98 98 100 63 46 97 93 47 0 75 93 96 99
552 99 97 100 80 35 89 83 39 67 67 93 98 95
600 92 88 87 91 9 92 8 58 87 65 92 93
610 100 98 87 62 53 38 88 0 0 21 84 98 82 96
611 99 100 98 82 0 0 100 78 56 76 99 100 99 99 99
621 65 98 99 0 100 100 97
662 99 99 99 99 0 46 33 99
713 97 96 85 89
800 96 97 97 100 100 95 99 100 76 9 98 93
811 100 97 100 0 95 90 0 26 100 1 99 93 93
821 100 77 0 33 98 99 98
830 93 100 91 94 8 90 8 64 85 87 96 89

Table B.6

Percentage of Variation in Quality Index Attributable to Unobserved Ability: Air Force

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1990
510 61 1 58 65 0 59
551 33 84 47 23 64 54 30 55 0
600 81 69 66 58 51 53 41 35
822 79 89 27 65
830 64 51 40 64 41 63 0

Table B.7

Percentage of Variation in Quality Index Attributable to Unobserved Ability: Marine Corps

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1990 1992
510 82 89 87 5 2 80 3 1
551 90 98 42 79 71 91 0
600 95 92 90
602 100
800 97
811 98 95 11 0 91 97 96 95
822 85 79 61
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Table B.8
Army Retains Soldiers with Lower Average AFQT
FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1992
41 -31 ~10 -12 <14 -37 -32° 42 -42 -31 -38
42 ' 4.2 '
43 T457 567 46" -4 -557
101 . -19 33 -34 45 29
121 -2.4 - )
201 3.0 -537 4B 51 453936 27 2.8
202 -25 -54 <46 . -66 -61 -59 -37
231 -20 -09 26 <10 -09 . -267
250 -14 -54 6353 47729 4 233
260 : o
300 4.3 "4 ~24
494 b
500 2.9
510
551" T66
552 | -63 5.
600 -23
610 29 2. S
611 =30 -2 0.8
621 ‘
662 4577230
713
800 T 6.0 =50 726 o
811 44 53" 3.0
821 41 60
830 ~ 26 -l

NOTE: Number gives difference in mean AFQT between retained and separated personnel. Numbers in shaded cells
indicate lower mean AFQT retained, and numbers in white cells indicate higher mean AFQT retained. Blank cells
indicate there is no corresponding quality estimate.

Table B.9
Army Retains Soldiers with Higher Average Quality

FY

Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 ‘1990 1991 1992
41 029 038 024 026 016 0.28 0.13 :—0.61 0.21 036 027 017
42 0.34

43 030 044 046 023 034 027 024 001 i~166 009 028 020 028 0.20

101 038 026 032 016 018 014 029 014 016 0.07 0.25

121 0.33 0.33

201 0.15 0.18 016 0.2 *=0.76° 029 0.23 " 020 016
202 030 017 014 028 022 005 030

231 4127 AB1¢ -0.10" 0.03 0.05 =0.01

250 026 0.11 =004 -010 -2.30" 0.26 0.28 022 021
260 020 0.16 0.14 0.03 0.00 0.20

300 0.27 024 029 018 025 025 0.8 014 024
494 0.22 030 0.29

500 022 0.18 0.05 0.19 2153 021 020
510 005 001 +0.03 015 0.20 022 0.26
551 ~0.08 ° 0.10 021 )" 012 026 0.18 0.26

552 023 0.08 0.14 009 017 022 022

600 023 012 0.13 017 020

610 0.13 1 0.05 022 024 0.13 0.8
611 4 0.50 024 021 025" 025 020 0.20
621 0.23

662 0.28 " 005 005 0.29

713 0.31

800 0.28 " 20014 " 0.33 0.28
811 397-0.99 . £0009° <0.08 03 030 =020 0.28 0,09 0.27

821 035 031 24.29  -0.07 = 0.30 0.23 0.18
830 024 0.23 019 006 012 017 017 018 024 027 0.25 0.23

NOTE: Number gives difference in mean quality index between retained and separated personnel. Numbers in shaded
cells indicate lower mean quality retained, and numbers in white cells indicate higher mean quality retained. Blank cells
indicate there is no quality estimate, due either to small sample size or failure of convergence of the maximum likelihood
algorithm,
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Table B.10
Air Force Retains Airmen with Lower Average AFQT

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1930
510 0.7 -2.3 :-23 -10 -20 -34
551 -0 -16 -1.7 -15 -1.9 -21 -09 -21 -05 -1l
600 -05 -06 -06 03 -0.1 -03 ~-15 -06
822 13 =22 =30 0.7
830 0.2 1.9 1.2 -0.7 07 -0.6 -0.5

NOTE: Number gives difference in mean AFQT between retained and separated personnel. Numbers
in shaded cells indicate lower mean quality retained, and numbers in white cells indicate higher
mean quality retained. Blank cells indicate there is no corresponding quality estimate.

TableB.11

Air Force Retains Airmen with Higher Average Quality

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1990
510 0.15 -0.10 010 012 -0.16 0.03
551 008 023 012 009 010 011 0.08 0.08 -0.01 -0.09
600 019 013 017 015 0.12 0.10 0.04 0.04
822 024 017 0.03 0.22
830 021 018 014 014 0.1 0.12 -0.02

NOTE: Number gives difference in mean quality index between retained and separated personnel.
Numbers in shaded cells indicate lower mean quality retained, and numbers in white cells indicate
higher mean quality retained. Blank cells indicate there is no quality estimate, due either to small
sample size or failure of convergence of the maximum likelihood algorithm.

Table B.12
Marine Corps Retains Marines with Lower Average AFQT

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1990 1992
510 -23 =23 -29 1.0 -38 -28 44 -44
551 =12 -29 13 -36 -36 -39 -2.6
600 02 -44 -15
602 -1.9
800 -1.7"
811 -3.2 -06 ~0.5 -3.6 -36 -14 -05 -1.0
822 -02 0.8 -1.9

NOTE: Number gives difference in mean AFQT between retained and separated personnel. Numbers
in shaded cells indicate lower mean quality retained, and numbers in white cells indicate higher mean
quality retained. Blank cells indicate there is no corresponding quality estimate.

Table B.13
Marine Corps Retains Marines with Higher Average Quality
FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1990 1992
510 036 060 046 0.18 -0.12 034 -0.15 -0.24
551 0.38 0.58 026 034 029 0.37 -0.99
600 042 028 0.28
602 0.24
800 0.57
811 040 0.67 0.11 -0.43 030 0.21 045 032
822 0.51 0.38 0.20

NOTE: Number gives difference in mean quality index between retained and separated personnel.
Numbers in shaded cells indicate lower mean quality retained, and numbers in white cells indicate higher
mean quality retained. Blank cells indicate there is no quality estimate, either due to small sample size or
failure of convergence of the maximum likelihood algorithm.
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Table B.20
Fraction Promoted to E-5 in the First Term: Army

FY

Occupation 984 1985 1987
o N D S L St ot A

43
101
102
121
201
202
231
232
243
250
260
300
412
494
500
510
551
552
600
610
611
612
621
643
645
662
712
713
800
811
821
830

those samples where we were unable to estimate the quality model.

Table B.21
Fraction Promoted to E-5 in the First Term: Air Force

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986
100 R

1990 1991 1992

510 0.05 F0037 0.02

551 005 005 005 0.03

600 0.06 004 0.03 i

610 " 0:05770.03 0,027 0.

621 0.06 .0.03° 002 001"

800 ©0.05 7003 -0.03 0.02 0.0

811 0,06 " 0.02 002 0.02 .0

822 ) 005 0.03F 0.02 ; { 00
830 £008" 005 004 003 003 004 003:002 000 £0.00 - 000 000 0.00 0.00

NOTE: Light gray cells correspond to those samples with fewer than 1,000 observations. Darker gray cells correspond to
those samples where we were unable to estimate the quality model.
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Table B.22

Fraction Promoted to E-5 in the First Term: Marine Corps

FY
Occupation 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
70 | 0.00 , 7
101 | 070 065 056 032 020 014 008 004 004 016 021 013 017 013 0.4
102 {047 058 026 031 014 019 010 003 000 000 003 003 009 050 043

198 1'0.76 068 066 061 043 017 023 039 018 030 030 023 017 032 056

201 1062 041 020 027 025 029 033 027 000 029 060 050 010 033
222 | 041 033 011 015 020 0.1 009 028 050 025 010 003 005 0.08
232 [ 050 0.83 037 040 027 031 024 041 021 0.08 009 023 047 043
300 [ 0.00 0.0 ‘ ‘

495 £017 0.09 007 001 003 006 007 001 004 002 004 012 016
510 031 0.19 008 006 007 003 002 001 001 001005 003 006 0.10
531 040 025 026 019 026 011 010 004 006 003 000 002 017 024
551 034 018 FO\10. 009 006 004 003 004 003 002 001' 001 005 004 005
553 | 013 019 004 000 001 010 000 003 001 001 001 000 001 002 003
600 1032 024 016 009 007 003 004 003 007 010 0.09 011 020 018 025
601 1’034 025 012 007 009 004 003 003 002 002 006 007 012 0.3 018
602 0407033 024 013 007 007 003 003 003 002 009 009 023 034 043
645 ;036 035 015 016 015 001 003 001 002 001 004 004 004 0.04
646 F034 027 010 006 005 001 0.03 001 001 002 003 001 006 0.1
720 1021 011 008 008 005 002 000 001 000 006 013 010 003
800 7012 008 003 003 003 002 003 003
811 009 005 Fo02" 0.02 [o2} 002 [0l 0.01 1 0.02 0.04
821 f019 013 0.05 0.03 0.04 002 002 001 003 001 005
822 1016 008 004 003 002 002 001 001 001 000 001 001 001 003
830 {036 023 008 014 014 0.5 0.03 0.02 001 006 008 005 005 003

NOTE: Light gray cells correspond to those samples with fewer than 1,000 observations. Darker gray cells correspond to
those samples where we were unable to estimate the quality model.



Appendix C
PARAMETER ESTIMATES

The following pages present tables with the maximum likelihood parameter esti-
mates for the model described in the main text. Standard errors are in parentheses,
a single asterisk is used to denote that a coefficient is significant at the 5-percent

level, and a double asterisk is used to denote that a coefficient is significant at the 1-
percent level.
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