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Training, Wage Growth, and Job
Performance: Evidence from a
Company Database

Ann P. Bar tel, Columbia University and National Burean

of Economic Research

A unique dataset collected from the personnel records of a large com-
pany is used to study the relationship between on-the-job training
and worker productivity. The analysis shows how information con-
tained in a company database is useful for eliminating heterogeneity
bias in the estimation of training’s impact on wages and job perfor-
mance. Even when selection bias in assignment to training programs
is eliminated, training is found to have a positive and significant effect
on both wage growth and the change in job performance scores,
thereby confirming the robustness of the relationship between training
and productivity.

I. Introduction

According to the theory of human capital, investments in training lead
to increases in worker productivity. In order to test the validity of this
prediction directly, researchers require data on investments in training and
on-the-job productivity. In the absence of such data, however, early research
on this topic used information about the shape of wage profiles to make
inferences about the relationship between human capital investments and
productivity (Mincer 1974). The problem with this approach was that it

An earlier version of this article was presented at the National Bureau of Economic
Research (NBER) Summer Institute Workshop on the Economics of Labor, July
1991. Comments from the participants in the NBER Workshop and the Columbia
University Labor Economics Seminar are greatly appreciated.

[Journal of Labor Economics, 1995, vol. 13, no. 3]
© 1995 by The University of Chicago. All rights reserved.
0734-306X,/95/1303-0003$01.50

401



402 Bartel

was difficult to refute alternative theories that imply rising wage profiles
over the life cycle but have nothing to do with investments in training.’

More recently, the availability of data on training has allowed researchers
to analyze directly the link between on-the-job training and the pattern
of wages (e.g., Lillard and Tan 1986; Barron, Black, and Loewenstein 1989;
Brown 1989; Holzer 1990; Mincer 1991; Lynch 1992; Bartel and Sicherman
1994). With the exception of the work by Barron, Black, and Loewenstein
and Holzer, all of these papers used data on training that were reported
by the individual employee. There are a number of problems with self-
reported training information. For example, individuals may have difficulty
recalling all training events that occurred during the past year, especially
the duration of such events. In a recent study of matched employer and
employee responses, Barron, Berger, and Black (1994) show that employees
and employers differ in their reports of the amounts of both formal and
informal training, with workers reporting less training. Another problem
is the comparability of training events across individuals working in dif-
ferent organizations; that is, is a day of training in company A the same
as a day of training in company B?

In addition to these generic problems with self-reported information,
there are problems associated with specific data sets. For example, the
papers that used the Panel Study of Income Dynamics suffer from having
to use information on how long it took the “average” person to become
qualified for the job, not how long the respondent actually took to become
qualified.” The papers by Bartel and Sicherman and Lynch used the Na-
tional Longitudinal Survey (NLS) Youth Cohort, which contains very
comprehensive data on private sector training. The weakness of that data
set is that, for the time period 1979 through 1987, training duration data
are either incomplete or inaccurate, and even the post-1987 surveys do not
accurately measure duration of very short training programs.’

"For example, Lazear (1981) discusses how firms offer upward-sloping wage
profiles to their workers in order to discourage shirking. Salop and Salop (1976)
suggest that upward-sloping profiles are used by firms as a way of discouraging
“movers” from applying for jobs. Jovanovic (1979) demonstrated how job-matching
under imperfect information could generate upward-sloping wage profiles. Finally,
Loewenstein and Sicherman (1991) showed that increasing wage profiles could
reflect workers’ preferences.

2 For more details on this measure of training, see Sicherman (1991).

* In the National Longitudinal Survey of Youth (NLSY) surveys that were con-
ducted prior to 1988, information on duration is not reported if the training spell
lasted less than 4 weeks. For spells that lasted more than 4 weeks, duration is
measured inaccurately because the respondent reports only the starting and ending
months of the training program. Using the starting and ending months to measure
elapsed duration seriously overestimates true duration if, for example, the individual
trained only 1 or 2 days per week over the interval. Starting with the 1988 NLSY
survey, duration of training is reported in terms of weeks for all spells. Training
spells that last between 1 and 5 days are all coded as 0 weeks.
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The papers by Barron, Black, and Loewenstein (1989) and by Holzer
are unique in that they use the (EOPP) data set in which data on training
were collected from employers and include information on both formal
and informal training. The main disadvantage of the EOPP data, however,
is that the information on training is reported only for the most recent
hire in the firm, thus limiting the applicability of the results to longer
tenure workers.

In this article, I study the relationships between formal on-the-job train-
ing and wages and performance by using the personnel records of a large
manufacturing firm. There are many advantages to using a data set collected
from one firm. First, the problem relating to individuals’ recalling the type
and amount of training they received is avoided since all training spells
and their exact durations are recorded on the individual’s personnel record.
Precise measures of training duration, even for programs that last only a
few days, are obtained. Second, since the individuals are all trained by the
same firm, there is no bias resulting from definitions of training varying
across diverse firms. Third, unlike the EOPP data set, the training expe-
riences of all employees, not just the most recent hire, are recorded. Data
of this nature provide the researcher with a unique opportunity to compare
the careers of individuals in the same firm and analyze how wage growth
within the firm is influenced by training received in that firm. Although
these advantages are important, it must be recognized that the findings
obtained with a company database are not necessarily generalizable to
other companies, especially to those in different industries. In addition,
my analysis refers only to the professional employees in the company,
most of whom are scientific, information systems, or engineering staff,
and the results may not carry over to other employee groups.

On balance, however, using a company database makes an important
contribution to the literature on empirical testing of human capital theory.
In addition, the particular database that I use contains unique information
that enables me to provide a more thorough analysis of the relationship
between training and worker productivity. First, the database includes
performance ratings which provide the unusual opportunity of using two
alternative measures of the worker’s productivity in the firm, that is, both
wages and performance scores. The impact of training on the individual’s
performance score can be compared to training’s effect on wages, in order
to test the robustness of the measured relationship between training and
productivity on the job.* Second, the database contains information on the
relationship between an employee’s salary and the salaries of other em-
ployees in his job category. I show how this information can be used to

* Previous work by Medoff and Abraham (1981) used a company database to
provide a direct test of the relationship between company experience and perfor-
mance.
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Table 1
Summary Statistics for 1990
Mean Standard Deviation

Years of schooling 16.53 2.03
Previous experience 7.01 6.65
Company experience 7.41 8.35

ge 3591 10.09
Monthly salary ($) 3,972.83 949.98
Occupational distribution:

Finance .048

Engineering 141

Manufacturing .090

Sales .078

Information systems 154

Scientific 440

Staff .030

correct for unobserved heterogeneity bias that can plague single equation
estimates of the impact of training on wage growth.

In the next part of the article, the data set is described. The econometric
framework is discussed in Part III, and results are presented in Part IV.
Part V summarizes the analysis and discusses implications for future re-
search.

II. Data

Data for this study are taken from the 1986-90 personnel records of a
large manufacturing company. Individuals who were classified by the
company as professional employees were selected for analysis, resulting
in a total sample of 19,000 observations, averaging 3,800 individuals per
year. These employees are distributed across eight functional areas in the
company: (1) finance, (2) engineering, (3) manufacturing, (4) marketing,
(5) information systems, (6) R&D, (7) staff services, and (8) support services.
The types of occupations held by these individuals include accountants,
engineers, purchasing agents, quality control planners, market researchers,
systems analysts, bench scientists, human resource professionals, and in-
dustrial hygienists. For each individual who appears in the company’s
database in a particular year, information is reported on length of service,
source of hire, years of education, salary, tenure on the current job in the
company, and days spent in formal training in the past year. Information
on performance ratings is available for the years 1989 and 1990 only.

Table 1 contains summary statistics for the professional employees in
the firm. This group of individuals is highly educated and well paid. In
1990, the mean years of schooling was 16.45 and the average monthly
salary was $3,700. The average professional employee was 36 years old,
worked for 7 years before coming to this company, and had approximately
8.3 years of experience at the company.
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Table 2
Representative Course Titles in the Three Training Categories

Length of Course (Days)

“Core” training program:
1. Management for Managers
2. Management for Middle Managers
3. Managing and Coaching Performance
4. Leadership Thinking
Corporate employee development program:
. Oral Presentatlons Workshop
. Effective Written Communications
. Problem Solving and Decision
. Managing Performance
. Performance Appraisal and Salary Administration
. Stress Management
Time Management
Techmcal programs:
1. Project Management
2. Clinical Statistics
3. Quality Control
4. Good Manufacturing Practices
5. Introduction to Computer Programming

\JOU"-PUJN—
WU

N = NN LN

o= NN

The company has a fairly substantial training budget. In 1990, it spent
approximately $1,950 per employee on formal training. This can be com-
pared to the average ﬁgure for all U.S. firms, which was approximately
$385 per employee in 1989.° The company offers a wide range of training
programs for its professional employees. Table 2 provides a listing of rep-
resentative course titles in each of three groups of training programs. One
group of training programs is called the “Core Program.” Courses in this
program are designed for any individual in the company whose job involves
supervising at least one other employee. These courses teach the individual
how to evaluate and improve employee performance, how to effectively
manage time, how to be an effective leader, and how to implement change.
A second group of programs is called “Corporate Employee Development.”
The courses in this category involve learning such skills as problem solving,
decision making, written and oral communication, improvement of job
performance, and time management. Third, the company offers courses in
computer skills, information systems, research skills, good manufacturing
practices, job safety, and other technical areas. All training programs are
offered on a full-day or half-day basis and, as table 2 shows, typically last
between 2 and 5 days.

Table 3 provides descriptive statistics on the training received by the
professional employees in the firm. For each year, the percentage of em-
ployees receiving training and the mean days in training for those receiving

> See U.S. Congress, Office of Technology Assessment (1990).
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Table 3
Percentage Receiving Training and Mean Days in Various Programs
Employee
All “Core” Development Technical
Programs Program Program Programs
1986 (N = 3,118):
Percentage receiving
training 55.4 0 244 39.1
Mean days for those
in programs 34 0 22 34
1987 (N = 3,356):
Percentage receiving
training 48.0 .1 28.7 28.7
Mean days for those
in programs 34 4.0 2.6 3.0
1988 (N = 3,690):
Percentage receiving
training 56.2 1.9 36.1 33.2
Mean days for those
in programs 3.3 4.2 2.9 22
1989 (N = 4,091):
Percentage receiving
training 63.7 3.0 35.4 45.4
Mean days for those
in programs 4.4 4.0 2.8 3.7
1990 (N = 4,508):
Percentage receiving
training 57.9 35 28.7 41.5
Mean days for those
in programs 35 4.2 2.5 2.7

training are shown for three categories of training: (1) “core” training,
(2) employee development, and (3) technical programs. The last category
covers all courses that are not listed in either the core program or the
employee development program; for professional employees, this category
largely covers research, computer, and technical skills. The data in table
3 show that, during each of the 5 years for which data are available, at
least half of the professional employees received some formal training.®
Very little of this training was in the “core” training program because the
job of a professional employee often does not involve supervisory activities.”
The mean days spent in training per year for those professional employees
who received some formal training during the year ranged from 3.3 days
to 4.4 days. Since these figures are remarkably close to the numbers reported

¢In 1989, the percentage receiving formal training (63.7%) is higher than the
corresponding percentages for the other years. In that year, the company introduced
several new technical training programs and participation in technical training
increased compared to previous years.

7 Since the “core” program was introduced at the end of 1986, there were no
participants in 1986.
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in the annual survey conducted by Training Magazine, we can reasonably
conclude that the company under study is typical of the companies included
in the magazine’s nationwide survey.®

Since training is more likely to occur during the initial stages of an
individual’s tenure, the data in table 3 need to control for length of service
at the company. This is done in table 4, where the probability of receiving
training and the days spent in training are calculated separately for each
year of hire. In this table, the three training categories are aggregated.
Reading across a row in table 4 shows the “cross-sectional” effect of tenure
on the amount of training. In all years, the probability of receiving training
and the number of training days conditional on receipt of training peak
in the second year for which an entry in the table appears, for example,
72.0% and 4.3 days for training received in 1990 by individuals hired in
1989. The reason for this is as follows. Individuals are hired during all
months of the year. If a hire took place during the latter half of the year,
for example, October 1987, training in the first “year” on the job will not
appear until the second calendar year, in this case 1988. While this phe-
nomenon would cause some of the early training an employee receives to
be recorded in the second year, by itself it should not produce a peak in
the second year. The second year peaking could occur if the company uses
a probation period, that is, training does not begin until after the accu-
mulation of several months of tenure.

Although the probability of receiving training and the amount of training
are highest for the newly hired employees, an important observation is
that experienced employees at this company continue to receive formal
training. For example, in 1990, 47% of the individuals who were hired
before 1980 received some formal training. This is a significant finding
since it indicates that training is not confined to new hires but is an ongoing
process at this company. In the next section, a model of the incidence of
training is developed that takes account of the importance of training
beyond the first year of tenure.

The data in table 4 can also be used to follow a given cohort over time.
Starting from the bottom of a column and reading up shows the trend

8 Each May, the publishers of Training Magazine conduct a survey of American
businesses on the amount of time their employees spend in formal training during
the year. The surveys for 1989 and 1990 showed that, for individuals who received
some formal training, the average amount of time spent in formal training was
approximately 4 days. Data on time spent in formal training in surveys of low-
wage workers with high school educations show that these individuals spend more
time in formal training. For example, Holzer (1990) shows that, in the EOPP
Survey, 10.9 hours was spent by specially trained personnel in providing the most
recently hired worker with formal training during the first 3 months of employment.
Assuming that training proceeded at the same rate during the year for those in-
dividuals, that would translate into 44 hours or 5.5 days of formal training.
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over time in the amount of training received by a group of individuals
hired during a given year. Again we observe that, while training incidence
tends to peak during the employee’s second year at the firm, training persists
throughout the employee’s career.

III. Econometric Framework

At time period ¢, an individual’s productivity, IT;,, is a function of the
stock of human capital he has accumulated as a result of investments made
prior to and including the present period:

I, = f(i INvi,n), 1)

n=1

where INV,, is the individual’s investment in human capital in time period
n. Empirical estimates of equation (1) typically involve using the individual’s
wage rate as a proxy for productivity, and length of schooling, labor market
experience, and tenure with the current employer as proxies for investments
in human capital.

Access to a company database enables the researcher to use more ap-
propriate measures of the variables in equation (1). The information that
I have on days of formal training in the company can be used in place of,
or in addition to, the more commonly used proxy, company tenure. For
example, an earnings equation of the following form could be estimated:

ln(SAL,v’t) =q + BIXi,t + BzSTKTRAIN,,, + ﬁ}YEAR + K, + Vits (2)

where the vector X might include such variables as years of education,
labor market experience prior to joining the company, the square of pre-
vious labor market experience, length of service at the company, the square
of length of service, and occupation. What makes equation (2) different
from the standard earnings equation is the variable STKTRAIN;,, which
measures the stock of formal training, that is, the total days of formal
training that the individual has accumulated in the company. Since
STKTRAIN,, measures formal training only, length of service needs to be
included in equation (2) in order to capture investments in informal training.
Note that the error term in equation (2) is composed of a person-specific
fixed effect, ;, and a person-specific effect that varies over time, v;,.
While equation (2) is superior to the equations typically estimated on
such databases as the NLS and the Panel Study of Income Dynamics (PSID),
it still has two weaknesses. The first is that the company database contains
no information on training received prior to 1986, and therefore,
STKTRAIN can be accurately measured only for individuals hired after
1985. Another problem with equation (2) is that some of the regressors
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may be correlated with the error term because of the role of person-specific
effects. If, for example, more able or more promising employees receive
more training, then the coefhcient on STKTRAIN will, at least in part,
reflect the role of these unobserved characteristics. As with other panel
data sets, this problem can be addressed here by estimating a first-difference
version of equation (2). In particular, annual changes in salary can be re-
gressed on changes in the right-hand variables. In this formulation, all
time-invariant effects (both observed and unobserved) drop out of the
equation, leaving only time-varying variables. This results in equation (3):

ln(SALi,t) - ln(SALi,t—l) = ﬁl(Xi,t - Xi,z—l)

€)
+ By(STKTRAIN,, — STKTRAIN; ) + Vi, — Vo1

In addition to eliminating omitted variable bias due to unobserved person
effects that are constant over time, equation (3) has the advantage of being
able to be estimated on the complete sample, not just individuals hired
after 1985.

Although the specification in equation (3) is an improvement over equa-
tion (2), the estimated coefhicient on the training variable, B,, may still be
biased if the new error term, v;, — v;,—i, is correlated with the probability
of receiving company training. The firm may, through observing the em-
ployee’s behavior, gather information about his true capabilities and use
this information to select an employee for training in order to facilitate
his within-firm career advancement. While the correction embedded in
equation (3) eliminates the bias resulting from a fixed person effect, it does
not eliminate the bias that results from time-varying heterogeneity. As-
signment to employee training programs is more likely to be influenced
by time-varying heterogeneity than fixed person effects, as individuals,
through their performance, reveal their potential for advancement. This
type of bias can be eliminated by modeling the determinants of training
inside the firm and obtaining an instrument for (STKTRAIN;,
— STKTRAIN;,_,) that is uncorrelated with the error term in equation (3).

A training incidence equation will be estimated in which the probability
of receiving training during the interval of time between the last day (i.e.,
December 31) of year £ — 1 (when salary in year # — 1 is recorded) and the
last day of year ¢ (when salary in year ¢ is recorded) is the dependent
variable.” The company database includes a unique variable that can be
used in the training equation to identify an instrument for (STKTRAIN;,
— STKTRAIN;,;) that is likely to be uncorrelated with (v;; — v;,—1). In

? Alternatively, the duration of training that occurred during this time interval
can be used as the dependent variable.
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particular, in addition to the data on the individual’s own salary, the com-
pany records, at the end of each year, the employee’s relative salary, that
is, how his or her salary compares to the salaries of other individuals
performing the same job. This information is expressed in ratio form; that
is, an individual whose salary is 90% of the salaries of other employees
performing the same job would have the value .90 for this relative status
measure. The identities of the employees whose salaries reflect the denom-
inator of this ratio are not revealed; only the ratio is reported. For the
empirical analysis, this ratio is denoted RELSTAT,,—;.

It can be argued that an individual’s relative status in his job as of the
end of time period ¢ — 1 provides a signal to the company as to the likely
payoff from training the individual during time period ¢ Consider the
following example. As of the end of time period ¢ — 1, two individuals
have identical years of service with the company and the same tenure in
a particular job, but one individual has a higher salary relative to other
individuals performing this job. If training is nonremedial, but rather a
foundation for career advancement, the individual with high relative status
should be more likely to be selected for training. If training is remedial,
however, the opposite prediction would be made: an individual with lower
relative status would be selected for training in order to bring his skills up
to the “average” level.

There are a number of reasons, however, why this approach needs to
be modified for individuals who started a new assignment in the company
during time period ¢ — 1. First, this individual may, as a result of his new
assignment, be required to take certain training courses. Second, in my
discussions with company executives [ was advised that RELSTAT;,_, is
not a meaningful indicator of relative status for individuals whose tenure
in the particular job is less than 1 year. These considerations lead to the
following specification of the training equation:

ASTKTRAIN,',(,;J_D =0+ a,Zi,t_l
+ @,RELSTAT,,_,(1 — NEWJOB,,_,)  (4)
+ a;NEWJOB; -, + a,YEAR + n,,.

The dependent variable in equation (4) is the incidence or amount of
training received between the end of year ¢ — 1 and the end of year ¢, that
is, during the 12 months of year . The vector Z;,_;, measured at the end
of year t — 1, includes years of service on the job held as of the end of
time period ¢ — 1, years of education, years of company service, source of
hire (i.e., whether hired as a result of campus recruiting, advertisement,
employment agency, or employee referral), and type of occupation in the
company. Source of hire is included in this equation as a control for the
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prehire skill endowment. The variable RELSTAT,,; is the individual’s
relative salary measured at the end of year t — 1, and NEWJOB;,_, is a
dummy variable that equals 1 if the job the individual held at the end of
year t — 1 began during year ¢ — 1.

According to the specification in equation (4), RELSTAT;,_, is used by
the firm to select individuals for training if they have been in their jobs at
least 1 year. Recall from table 4 that, at this company, training beyond the
first year of tenure is quite common. If training is nonremedial, o, should
be positive; if training is remedial, it will be negative. In addition, we
would expect a; to be positive if individuals who are new to their jobs are
more likely to receive company training. The estimates from equation (4)
will be used to construct an instrument for ASTKTRAIN; which will then
be used in equation (3) to obtain an unbiased estimate of the effect of
training on salary growth.'® All standard errors in equation (3) will be
corrected utilizing the procedure suggested by Murphy and Topel (1985)
for two-step econometric models."

One problem with this approach is that it might be argued that REL-
STAT,,_, belongs in both the wage growth equation and the training equa-
tion. Employees with high values of RELSTAT;,_; may be “stars” who
are selected for training programs but who also receive large wage increases
irrespective of the training that they receive. If this is an accurate description
of career paths at the company, RELSTAT,,_; should have a positive and
significant effect on wage growth, even if the predicted value of training
is included in the wage growth equation. It is possible that the inclusion
of RELSTAT,,, in the wage growth equation may reduce the coefhcient
on training to insignificance if the true determinant of career advancement
in the company is RELSTAT;,_;, not the acquisition of training. Even if
the latter is true, however, RELSTAT;,_; may still be used by the firm to
select employees for training, and we will observe a positive and significant
coefhicient on RELSTAT;,_, in the training equation, equation (4). In order
to test the alternative hypotheses, equation (3) will be estimated with and
without RELSTAT,,."?

19 The salary growth equation can be estimated only on the sample of individuals
who are in the firm in both time periods ¢ — 1 and t. Company documents indicate
that individuals who leave the firm are those who tend to have low performance
ratings compared to their peers. The effect of this type of turnover is to reduce
heterogeneity bias since the “ability” distribution of the remaining employees will
be less dispersed.

"' Alternatively, equations (3) and (4) can be estimated using two-stage least
squares in which equation (4) is treated as a linear probability model. Since I am
interested in reporting the logit estimates for equation (4), I prefer to use the two-
step estimation method described in the text.

2 When RELSTAT,_, is included in the wage growth equation, the source of
hire variables and NEWJOB,_; can identify the instrument for training.
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In addition to data on salaries, the company database includes infor-
mation on performance ratings recorded in January 1989 and January 1990.
This provides a unique opportunity to measure the effect of training on
the individual’s productivity growth as proxied by the change in perfor-
mance ratings. Referring back to equation (1), the individual’s performance
score can serve as an alternative measure of I, the individual’s productivity.
Equation (3) can be respecified with the dependent variable as the change
in performance ratings:

PERFRAT,J - PERFRAT,',,_] = Bl(Xi,t - Xi,t—l)

(5)
+ ﬁz(STKTRAIN,’t - STKTRAIN,"t_]) + V,"t - Vi,t—l 5

where PERFRAT;, is the individual’s performance score in January 1990
and PERFRAT;,_, is his score in January 1989. Unfortunately, performance
rating scores cannot be compared across jobs, and, therefore, equation (5)
can be estimated only for the sample of individuals who did not change
jobs during the relevant time period."”” The instrument for ASTKTRAIN;
obtained from equation (4) will be used in equation (5) to obtain an unbiased
estimate of the effect of training on the change in performance scores. As
in the case of equation (3), all standard errors in equation (5) will be cor-
rected using the Murphy and Topel (1985) procedure. Estimates of equation
(5) will measure the direct impact of training on the change in job per-
formance and can be contrasted with the estimates from equation (3) of
the effects of training on salary growth. Since performance scores are mea-
sured as discrete variables, the actual estimation of equation (5) will use a
multinomial logit model on the determinants of going up, going down, or
staying the same in the measure of performance. This will be described in
more detail in the next section.

In summary, the information in the company database will be used first
to obtain estimates of equation (4), the determinants of training. Predicted
values for investment in training, (STKTRAIN;, — STKTRAIN;,_,), will
be calculated from these estimates and then used in the estimation of equa-
tion (3) to obtain an unbiased estimate of the impact of company training
on wage growth. Equation (5) will be estimated using the predicted value
for (STKTRAIN;, — STKTRAIN;, ) to obtain an unbiased estimate of
the impact of company training on the change in performance scores.

IV. Empirical Results

In this section, I present the results of estimating equations (3), (4), and
(5) described above. Results for the determinants of receiving training are

13 This restriction 1s described in more detail in the next section of the article.
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discussed first, followed by the analysis of the effects of training on salary
growth and performance scores.

A. The Determinants of Training

Table 5 shows the results of estimating several variants of equation (4),
the change in the individual’s training stock between the end of time period
¢t — 1 and the end of time period ¢. In the first four columns, the dependent
variable is the probability of receiving training during the time period, and
the equations are estimated using binomial logit. In columns 5-8, the de-
pendent variable is the number of days of training the individual received,
and the equations are estimated using the maximum likelihood tobit pro-
cedure." Columns 1 and 5 include all three types of training, that is, in
column 1, the dependent variable equals 1 if the individual received any
training during the relevant time interval, and in column 5, the dependent
variable is the total number of training days during the year. In columns
2-4 and 6-8, the three categories of training discussed in Part IT are analyzed
separately.

According to the specification in equation (4), the unique aspect of this
analysis is the use of information on the individual’s relative status in his
job, that is, the ratio of his salary relative to the salaries of others performing
the same job. This variable is shown as RELSTAT,_, in table 5. As shown
in equation (4), the effect of this variable can be measured only for indi-
viduals whose tenure in the job held at the end of  — 1 is at least 1 year.
The effect of being in a new job in ¢ — 1, that is, having tenure on this job
of less than 1 year, on the likelihood of being trained during time period
t is measured by the dummy variable NEWJOB,_, in table 5. The other
variables included in table 5 are YRSED (years of education), LOS (length
of service at the firm), LOSSQ (the square of length of service), TIJ,-,
(tenure on the job measured at the end of ¢t — 1), AGENCY (whether the
source of hire was an employment agency), COLLEGE (whether the source
of hire was college recruiting), WRITE (whether the source of hire was a
write-in), a vector of year dummies, and a vector of broad occupational
dummies."

Our main interest is in the variables RELSTAT,_; and NEWJOB,,. In
column 1, the overall incidence equation, neither variable is significant.
However, when training is separated into the three categories, some in-
teresting findings emerge. In the cases of “core” training and technical
training, the results show that individuals whose salaries at the end of time
period ¢ — 1 are high relative to those of their peers are more likely to
receive training during the next 12 months, although the effect for core

"In col. 6, where the dependent variable is days of core training, OLS results
are reported because the Tobit estimation procedure failed to converge.
"* The excluded category for source of hire is advertisements.
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training is not statistically significant. Employee development training,
however, appears to be remedial; the lower an individual’s RELSTAT,_,,
the more likely he is to receive this type of training.

The fact that RELSTAT,, is significant in the training equations and
has a different effect depending on the nature of the training program
rejects the hypothe51s that RELSTAT,, is used by the firm 51mply to
award merit pay increases. We find that there are two types of training in
the firm, “career advancement” and “remedial,” and that RELSTAT,_,
serves as a meaningful indicator for targeting individuals for the appropriate
type of training. It was hypothesized that individuals who are new to their
jobs are more likely to receive training; this is true for “core” training and
technical training, but the opposite holds for employee development train-
ing. When the dependent variable is days of training rather than incidence,
we find similar patterns when comparing the results for the different types
of training. Individuals who score high on RELSTAT,—, or who are new
to their jobs participate in more days of core training, while employee
development training again appears to be remedial. In the case of technical
training, however, no significant results are obtained.

These findings demonstrate the importance of modeling the determinants
of company training. The evidence is that this company provides two types
of training: (1) training (core and technical) that is awarded to those in-
dividuals who stand out relative to their peers and (2) “remedial” training
(employee development) that is targeted to those individuals who have
low relative status in their jobs. In the next section, estimates of the impact
of these two types of training on an employee’s wage growth are presented.

B. The Effects of Training on Wages

Table 6 presents the results of estimating equation (3) using the predicted
values for receipt of training and days of training from equation (4). When
training is measured as a dummy variable in equation (4), all of the standard
errors in equation (3) are corrected through the use of the Murphy and
Topel (1985) procedure. The regular two-stage least-squares procedure is
used when training is measured in days in equation (4). Although the
specification in equation (3) indicates that years of education and length
of service should not be included in the equation since they drop out as a
result of first-differencing, the wage growth equation was estimated with
and without these variables to allow for their possible impacts on wage
growth. The variable CHGLOSSQ shown in table 6 is the first-differencing
of the squared length of service term, that is, LOSSQ, — LOSSQ,-,.

The coefficients on PREDTRN in columns 1 and 5 show a positive and
significant impact of overall incidence and days of training on wage growth.
When training is separated into the three categories, we find that core
training has a significant effect when the less restrictive specification that
deletes YRSED and LOS is used (see panel II). Employee development
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training and technical training both have positive and significant impacts
on wage growth even when YRSED and LOS are included in the wage
growth equation. These results are important because they show that train-
ing in this company has a positive and significant effect on employee wage
growth even after controlling for unobserved heterogeneity. Ordinary least
squares estimates of the effects of training on wage growth, shown as the
variable TRAIN in panel III of table 6, demonstrate the impact of hetero-
geneity bias. Since core training is provided to “stars” in the company, the
ordinary least squares estimates show a positive and significant effect of
core training on wage growth that disappears when the two- step estimation
method is used. Alternatively, employee development training, which is
remedial in nature, has a much larger impact on wage growth when the
two-step procedure is used.

In order to test the alternative hypothesis that employees with high
RELSTAT,-, have higher wage growth irrespective of the training that
they receive, equation (3) was reestimated including RELSTAT,_, in the
equation. The results are shown in table 7. While RELSTAT,-, has a positive
and significant effect on wage growth, the significant effects of training
on wage growth that were observed in table 6 (with the exception of core
training in panel II) remain. Taken together, the results in tables 5, 6, and
7 show that RELSTAT,_, is used by the firm to select employees for career
advancement training or remedial training, that training does indeed lead
to higher wage growth, and that RELSTAT,_, also has a direct (i.e., not
operating through training) positive effect on wage growth.

The results presented in table 7 can be used in conjunction with infor-
mation on the costs of training at the company to calculate the rates of
return the company earns on the training it provides. From company doc-
uments I was able to calculate the per-participant direct costs of a day of
training, which includes the salaries of the trainers and the costs of materials,
room, and board. The indirect costs of training were calculated from data
on the salaries of the trainees. Direct and indirect costs were then summed
to determine the per-participant training cost. On average, during the 1986~
90 time period, it cost the company $1,440 to provide 1 day of training to
an employee.

The company’s returns from training are the productivity gains that
training produces. The magnitude of these productivity gains can be inferred
from the wage gain estimates shown in table 7. A conservative estimate is
that the productivity gains equal the wage gains. This assumption is con-
sistent with a company having a value added/wage ratio equal to one.'®

'¢ Since value added is defined as the value of sales minus labor costs, a value
added/labor cost ratio of 1 implies a sales/labor cost ratio of 2. A value added/
labor cost ratio of 1 means that a $1 increase in labor costs raises value added
by $1 and sales by $2. Most companies have value added/labor cost ratios that
exceed 1.
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Previous studies have found that productivity increases from training and
reduced turnover are at least double the wage increases that employees
receive.'” The latter findings are consistent with a value added/wage ratio
that exceeds 1, which is in fact the case for the company under study.
Using the conservative, lower-bound estimate that productivity gains equal
wage gains results, therefore, in a lower-bound estimate of the company’s
rate of return on employee training.

I calculated rates of return for each category of training using the coef-
ficients on PREDTRN from columns 6, 7, and 8 in panel I of table 7.
Three alternative assumptions were used in making these calculations:
(1) skills do not depreciate; (2) skills depreciate at the rate of 10% per year,
implying a half-life of 5.4 years for the investment; and (3) skills depreciate
at the rate of 20% per year, implying a half-life of 2.9 years. The results
are shown in table 8. Assuming that skills depreciate at the rate of 10%
per year, the company earns rather high rates of return, for example, 34.6%
on employee development training and 36.6% on technical training. Similar
calculations for national data sets that are not restricted to one company
and where individuals self-report training events have found rates of return
of 16.4% (PSID data set) and 18.6% (NLSY data set), when depreciation
rates of 10% are assumed (Mincer 1991). In this company, rates of return
of this magnitude would require an assumption of a much higher depre-
ciation rate, as shown by the calculations based on a 20% depreciation
rate. There are several possible explanations for the disparity in rates of
return between this company and the national data sets. One possibility
is that training in this company does indeed have a larger payoff than the
amount typically calculated for a national sample of employees. The second
reason may be that, unlike the company database, national data sets typ-
ically do not include information on very short training programs.'® It is
possible that these short training programs have higher rates of return than
the longer training spells that the national data sets measure.

C. Effects of Training on Job Performance

Finally, this data set provides the unique opportunity to measure the
impact of training on job performance. At the end of 1988, the company
began to use a system of relative performance measures whereby individuals
are ranked relative to their peers. According to the company’s policies,
managers are expected to differentiate clearly among employees in order
to recognize those whose performance is far superior to that of their peers.
For groups of at least 100 employees in the company, managers are expected
to follow a targeted distribution of ratings. There are seven levels used in

7 See Blakemore and Hoffman (1988) and Barron, Black, and Loewenstein (1989).
'® See n. 3 above for a description of this problem as it pertains to the NLSY
database.



Training, Wage Growth, and Job Performance 421

Table 8
Rates of Return on 1 Day of Training in Each Category (%)
All Core Empdev Tech
Q) ) ©) )
Assuming depreciation rate = 0% 57.6 Negative 49.5 51.8
Assuming depreciation rate = 10% 41.8 Negative 34.6 36.6
Assuming depreciation rate = 20% 26.1 Negative 19.6 214

NOTE.—See the text for the method of calculation.

the performance evaluation system. Performance evaluations are done in
January of each year for individuals who have been in their jobs for at
least 1 year. If the job the individual held in January 1989 began in January
1988 or earlier, his performance score for that job is recorded on the 1989
personnel record. Similarly, if the job held in January 1990 began in January
1989 or earlier, the performance score is recorded on the 1990 record.
Therefore, if an individual did not change jobs between January 1988 and
January 1990, the change in his job performance can be calculated by using
the performance scores that are recorded in January 1989 and January
1990. Some of these individuals may have participated in training programs
during calendar year 1989. It is therefore possible to see if individuals who
received training during 1989 also improved their performance ratings on
the same job.

The impact of training on performance ratings can serve as an estimate
of the impact of training on true performance. The estimate is likely to be
biased downward, however, because the variation in performance scores
will be less than the variation in true performance. An additional problem
relates to the fact that this analysis must be restricted to individuals who
did not change jobs between January 1988 and January 1990, thereby elim-
inating the possible impact of training on upward mobility within the firm.
Restricting the analysis to nonjob-changers underestimates the true impact
of training on “performance” in the firm. It is impossible, however, to
include job changers in the analysis because a performance rating in one
job cannot be compared to a performance rating in a different job.

First, the wage growth equation, equation (3), is estimated on the sample
of employees who did not change jobs between 1988 and 1990."” Although
the estimated coefhicient on PREDTRN was .106 in the full sample (see
table 6), it is only .029 with a r-value of .74 in this sample. The weak effects
of training on wage growth for individuals who did not change jobs over
a 2-year period occurs because a large part of training’s positive impact
on within-firm wage growth is due to upward mobility within the firm.

' The two-step procedure discussed earlier is also used here. The training inci-
dence equation is first estimated, and predicted values of training are used in the
wage growth equation.
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Equation (5), the change in performance scores between January 1989
and January 1990, is estimated using multinomial logit. The change in
performance scores is categorized into one of the following three choices:
(1) the performance score increased between 1989 and 1990, (2) the per-
formance score remained unchanged between 1989 and 1990, and (3) the
performance score decreased between 1989 and 1990. Predicted values of
the probability of receiving training and the days of training received during
1989 are calculated from first-stage estimates of equation (4) on the sample
of individuals who did not change jobs between January 1988 and January
1990, and these predicted values are used in the second-stage multinomial
logit equations.

Table 9 shows the coefficients on PREDTRN from the multinomial
logit equations; the other variables included in these equations are YRSED,
LOS, and a vector of occupation dummies. The excluded performance
change category is the probability of a decrease in the performance score.
The results appear to be very sensitive to the aggregation or separation of
the different types of training, and the strongest results are in column 1,
where the impact of receiving any type of training is estimated. The results
in that column show that individuals who received training during 1989
were significantly more likely to receive increases in their performance
ratings between January 1989 and January 1990. The receipt of training
also increased the probability that an individual’s performance score did
not decline. These findings of strong positive effects of training on job
performance are rather remarkable considering the two downward biases
discussed earlier, that is, that the analysis is restricted to individuals who
remained in the same job between January 1988 and January 1990, and
that the performance scores are an imperfect measure of true job perfor-
mance. In spite of these factors, we do find that training did lead to an
increase in the measured performance of this sample of employees,
strengthening our confidence in the earlier results where wages were used
as the proxy for the employee’s productivity.

V. Conclusions

In recent years, the availability of data on training, largely collected in
national surveys of individuals, has allowed researchers to directly analyze
the link between on-the-job training and wages. Unfortunately, this line
of research has been plagued by a number of measurement problems, among
them the difficulty that individuals have in recalling the type and amount
of training they received as well as the comparability of training events
across individuals working in different organizations. In this article, a
unique data set collected from the personnel records of a large company
is used to study the relationship between on-the-job training and worker
productivity. By using a company database, I was able to avoid the mea-
surement problems that typify national data sets. First, since all training
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Table 9

Multinomial Logit Estimates of the Impact of Training on the
Probability of a Change in Job Performance for Employees Who Did
Not Change Jobs between 1988 and 1990 (¢-Values Are in Parentheses)

Incidence Days of Training

All " Core Empdev Tech All Core  Empdev Tech
(1) () ) Q) (5) (6) ) (8)

Performance score
remains the

same:
PREDTRN* .10 N.AF .01 —.034 .035 217 175 .022
(1.41) (1) (=52) (1.18)  (71)  (1.98) (55)
Performance score
increases:
PREDTRN* 185 N.A.T —.049 —.038 012 —.286 .087 .01
(2.53) (—48) (=350  (40) (—.93) (.95) (.22)

NoOTE.—All regressions include YRSED, LOS, and a vector of occupation dummies and are estimated
via the method ofgmaximum likelihood multinomial logit. The coefficients reported are the change in the
probability due to a 1-unit change in PREDTRN. N = 1,478. N.A. = not applicable.

* Predicted value of incidence or days of training from first-stage estimates of eq. (+).

+ Estimates did not converge.

spells and their exact durations are recorded on the individual’s personnel
record, precise measures of training duration, even for programs that last
only a few days, are obtained. Second, there is no bias resulting from
definitions of training varying across diverse firms because all of the in-
dividuals are trained by the same firm.

The analysis of the company database produced several important find-
ings that will influence the way economists think about the relationships
between on-the-job training and wages and job performance. First, there
is evidence that formal company training spells tend to be rather brief,
lasting only a few days. National data sets that report training duration in
terms of weeks, not days, fail to capture this important component of
training. Second, the analysis showed how information contained in a
company database could be used to correct for the impact of heterogeneity
bias in the estimation of training’s effect on wage growth. Evidence was
presented that, in this company, individuals were selected for job training
based on their relative status in a job, that is, how their salaries compared
to other individuals with identical education, years of company service,
and time on the current job. The implication of this finding is that research
on the relationship between investments in training and wage growth must
consider why some employees receive training and others do not. Third,
it was shown that, even after the selection bias in assignment to training
was eliminated, individuals in this company who received training expe-
rienced significant increases in wage growth. Fourth, the company database
provided the unique opportunity of using data on performance ratings as
another proxy for productivity (apart from wages). Training was found to
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have a positive and significant effect on job performance, thereby confirm-
ing the robustness of the relationship between training and productivity.

This article has shown that an analysis of training, wages, and perfor-
mance that eliminates the influence of company-specific experiences on
employees by studying one company confirms the findings of previous
research that relied on publicly available data sets. The main finding in
this article is that formal training does indeed increase wage growth and
job performance, even when selection bias in assignment to training pro-
grams is eliminated. While the results may not generalize to other firms,
this study has shown that economists can learn important lessons from
analyzing a company database. Future research in this area should focus
on collecting more comprehensive data from companies that will include
information on both formal and informal training, as well as more precise
measures of worker productivity.
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