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ABSTRACT. — We study the relation between product quality and
worker quality using an economic model that, under certain conditions,
provides a direct link between product price, product quality and work
force quality. Our measures of product quality are the evolution in the
detailed product price relative to its product group and the level of the
product price relative to this group. Our worker quality measures are
the firm’s average person effect and personal characteristics effect from
individual wage rates. We find a very weak, generally positive, relation
between worker quality and product quality using detailed firm-level data
from the French Producer Price Index surveys.

Qualit &€ des produits et qualit & des travailleurs
RESUME. — Nous examinons la relation entre qualité des produits

et qualité des travailleurs a l'aide d’'un modéle économique qui, sous
certaines conditions, fournit un lien direct entre prix des produits, qualité
des produits et qualité de la main d'ceuvre. Nos mesures de qualité
des produits sont, d'une part, I'évolution du prix du produit élémentaire
relativement a son groupe de base et, d’autre part, le niveau de prix
du produit élémentaire relativement a ce méme groupe de base. Nos
mesures de la qualité des travailleurs sont la rémunération moyenne
dans chaque firme des caractéristiques observables des individus et la
rémunération moyenne dans chaque firme des effets fixes individuels
(caractéristiques inobservables des individus). Nous trouvons une liaison
trés faible, généralement positive, entre la qualité du produit mesurée par
les enquétes sur les indices de prix a la production des entreprises et
la qualité des travailleurs.
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1 Introduction

This paperinvestigateghe link between the quality of a firm's products
and the quality of its work force. Product quality, although difficult to
measureacrossdiverseindustries,is relatedto the purchasers’ willingness
to pay more for a good that is, in all other measured dimensions, the
sameas a less-expensivalternative. Worker quality, equally difficult to
measurejs related to the employers’ willingness to pay more for a worker
who is, accordingto all measurableharacteristics, identical to many other
workers. Although the economic theory linking product and worker quality
is relatively new, we present one model, in the spirit ofeler [1993],
which suggests that, under perfect competition, worker quality and product
quality will be positively related but that, under imperfect competition,
the relation is ambiguous. As in Kremer's model, our model implies a
direct relation between product quality and product price, thus, providing
a rationale for the direct use of product price as the quality meakure
As an example, consider the emerging notion of a “high-performance
work place” where the firm's work force must acquire high skill levels,
develop self-managingteams, and improve product quality continuously.
Thehigh-performancevork placeis driven by the belief thatthis production
technologymakesthe bestuseof the high quality employees for producing
high quality products. In serviceindustries,where customercontact is an
essentiafeatureof manyjobs, a high quality work force changeghe nature
of thesecontactsand, by itself, could improve the quality of the product.
To be sure,empirical evidenceis scarcesincethe data requirements are so
stringent(however,seeDoms, DuNNE and TrRoske [1994]).

We equatea product’s quality with its market price. In a perfectly
competitiveproductmarketproductprice is monotonicallypositively related
to productquality and worker quality amonghighly-standardized goods, so
that, within these standardized product categories, relative price variation
measures quality differences. As a practical example, consider two window
cleanerproducts—onavith ammoniaand one with lemon juice. These are
consideredo be two distinct basic products. Among the window cleaners
with ammonia there are several versions, called elementary products in our
analysis.The higherpriced window cleaner with ammonia is hypothesized
to be a higher quality product than the lower priced window cleaner with
ammonia. Indeed, we go somewhat further. Suppose that both window
cleaners with ammonia began the period with the same price but one
finishedthe periodwith a higherprice;then,we asserthatthe product with
the larger price increase is of higher quality.

1. Stokey[1990] considersa much more complex model of the relation between worker quality
and product quality using characteristics of the good to construct a theoretical index of product
quality. Eymard-Duvernay [1993] and Letablier and Delfosse [1994] consider the relation
between product quality, as measured by standardized labelling requirements (appellation
d’origine contolée) and worker quality.
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In the labor market, the equation of worker quality with price means that
measured and unmeasured person characteristics in the wage rate equation
capturethe heterogeneity in worker quality. Hence, when we measure wage
rates for the same worker in jobs at a variety of employers and characteristics
of this workerat severalpointsin time, we assert that a worker with a larger
personeffect (wage rate component that is common to all employers but not
capturedby measuredcharacteristics)s a higher-qualityworker. So, we
use the average person effect within a firm as a measure of unobserved (by
the econometricianworker quality and the averagepredictedwage given
worker characteristics as a measure of observed worker quality.

The central question, then, is whether or not these two price-based
measure®f worker and product quality are positively related. According to
our theoreticaimodel,thesetwo measures should be positively related under
perfect competition but might not be so related under imperfect competition.

Section 2 presents our model relating worker quality to product quality.
Section 3 describes the product quality measures we constructed. Section
4 describesour measureof worker quality. Sections 5 and 6 present the
empirical results. Section 7 concludes.

2 Worker Quality and Product Quality:
a Model

We require a theoretical model that relates differences in worker quality
to differencesn detailedproductprice, givena basic product group. Within
a basic product group, eachdetailed productis unique. Hence, it seems
reasonable to allow imperfect substitutability among these products. In
addition, each firm is heterogeneous with respect to the technology it can
use to producethe detailed products. We model this heterogeneity as a
difference in the complexity of the production process. Thus, higher quality
products are produced using a more complex technology.

We extendKremer's [1993] model of equilibrium choice of technology
(pp. 561-563) to allow for imperfect substitutability between elementary
products within a given basic product group. In Kremer's model, workers
are endowed with a quality corresponding to the probability that the
worker can perfectly execute a given essential task in the production
process. Hence,with probability 1 — ¢ the task is performedimproperly
and the resulting product is worthless. Product quality is, thus, related
to the production process complexity. There is a continuum of workers
following some exogenous distribution of worker qualityq). Labor is
supplied inelastically. There aretasks to perform. The firm selects among
technologies with different. All tasks require the same amount of labor.
B(n) is the value of output per tasks if all tasks are performed perfectly
(B’(0) > 0 and B”(n) < 0). An increasing: means increasing complexity
since there are more possibilities for mistakes.
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As in Kremer's model, firms make zero-profit due to potential entry.
However, unlike his approach, we consider both the perfect competition
casewherefirms are price-takers, and an extension the model to the case of
imperfect competition with an inverse demand function (see(’E [1989],
pp. 298-299):

1

Q=kp; ™ k>0

where @; is firm j production. The demand elasticity for produgtis

approximately:
1

I-p
where0 < p < 1 (see Tirole). Hence,

(1) p;j=KQ!™
The profit function becomes
(2) IT; = p, T2 qin; B(ny) — 32, w(gs)

wherell”, ¢;n; B(n;) is the production function fa); given the probability
structure describedabove.

Eachfirm maximizesII with respectto n; andin ¢;, i = 1,...,n;. The
only differencebetweenour equation(2) andKremer's(11) is the presence
of apricep; here, whereas Kremer's price is normalized tand is the same
for all firms. Using Kremer’'sresults,we know that potentialequilibria have
the property that allocationsof workersto firms occur such that workers
of the sameskill, say (¢;), are employedby the same firm. So, equations
(1) and (2) yield:

I = K g nf B (n;) — nju(a;)

to maximize inn; and g;. The first-order conditions together with the
zero-profit condition give:

dw 1
S = K pn® BP(n;)q"
10 pnf Bf(n;)g;

and, by integration, we have:
w(g;) = Kn§_1 Bp(nj)q;]p +c
andc = 0 because of the zero-profit condition (see also Krerheblence,

(3) w(q;) = Knf™" B (n;)q;""

2. If capital costs are also heterogeneous, then the zero profit condition must be modified to reflect
this heterogeneity.
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In equation (3) note thak’ = 1 andp = 1 (the perfect substitution case)
yield equation (12) in IRemer [1993]. The first-order condition in; yields:

I T4 myp D)
plogg;n; +p+mn;p =
J 'Y J B(n])

or

p—1  B'(n)
4 —logq; = +
W oy Bny)

There are two possible regimes. Kremer considers the case where
to get his equation (14) which yields the following prediction:

“The left-hand side declines monotonically ing;. Since
B'(0) > 0 and B"”(n;) < 0, the right-hand side declines
monotonically inn; as long asB’(n;) > 0. Therefore,n; is
an implicit function of ¢; with n/(q;) > 0.”

In words,more complex products or techniques (hig}) requirehigh g;
workers. The cases > 1 andp < 0 would reproduce Kremer’s argument
but areinconsistent with quasi-concavity of the consumer’s utility function
and profit-maximizationunderimperfectcompetition,respectively.Finally,
contraryto Kremer’s result, whenever0 < p < 1, i.e. whenever product
competitionis not perfect,therelationbetween:; andg; may havedifferent
shapes:complex productsand high quality workers are no longer always
positively related. Furthermore,contrary to the perfect competition case
(p = 1), by the sameargumenthigh pricesarenot systematicallyassociated
with better quality productssince, at the equilibrium

1., _
(5) p; = E[Qj]Bj(nj)nj]l d
Thus, the relation between product quality (as reflected in the price)
and worker quality need not be positive under imperfect competition.
Furthermoregvenif we find a positiverelation between our product quality
measures and our worker quality measures, imperfect competition (imperfect
substitutability between elementary products) may explain weak rather than
a strongassociatiorbetweenthe two measures. This empirical relation is
investigatedin the following sections.

3 Price-Based Measures of Product
Quality

Our measure of a product’'s quality is based upon a detailed firm-
level survey of transaction prices for elementary products (approximately
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equivalent to U.S. 8-digit commodity class codes) within basic product
groups (approximately equivalent to U.S. 6-digit commodity class codes).
In terms of the theoretical model above, the elementary products within
a single basic product group are (possibly) imperfect substitutes with a
common product elasticity of demande.

Becausethe French Producer Price Index survey program is unique
and not well-known (even in France) our Data Appendix includes a
detailed description of the survey methodologyas well as our methods
for constructing the product quality variables (for a remarkable analysis
in the US, seeGorpon [1990]). The data were collected as a part of the
Producer Price Index program. They are collected for manufacturing firms
with a primary focus on intermediate goods. We use data from the period
1978 to 1988, in order to maximize the correspondence with the other firm
and individual data sets we have constructed from INSEE sources.

TasLe 1

Summary Statistics for Firms Number of Firms, of Elementary Products
and of Basic Products

Firms Elementary Basic
(number) Products Products
(number) (number)

IntermediateGoods
Refined Petroleum Products . . . ... ... 7 94 16
Basic Steel Products . . . .. .. ....... 13 44 12
Non Ferrous Metals . . . ... ........ 5 16 5
ConstructionMaterials . . . ... ...... 60 255 52
GlassIndustry . . ... ............ 16 57 14
BasicChemicals . . .. ... ......... 45 250 67
Metallic Products . . . .. ... ....... 34 183 36
Paperindustry . . . .. ... ... ... ... 59 193 34
PlasticandRubber Industry . .. ... ... 76 385 68
Equipment Goods
Machinery Construction . . ......... 184 1445 293
Electrical Equipment . . .. ... ... ... 56 450 78
AutomobileIndustry . ... ... ... ... 4 12 4
ConsumptionGoods
Parachemicals. . . ... ... ........ 58 451 96
Textile and Clothing. . . .. ... ...... 78 377 7
Wood and Furnishing . . . . ... ...... 78 579 96
Total Number . . ... ............ 773* 4791 948

Notes: For sources and definitions, see the Data Appendix. Automobile Industry only includes
caravans and trucks.

x. Some firms may belong to multiple branches.
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Table 1 shows the number of firms, basic products (6-digit classification),
and elementary products (8-digit classification) for each of the 16 2-digit
industrialgroupsthat we were able to study. The restriction to manufacturing
firms, the sampling frame of our representative enterprise sample (see
CoreeL [1989], and the sampling frame of the French PPI program (which
emphasizedarger firms) interactto yield a sample of 748 usable firms
producing 4,791 elementary products in 948 basic product groups. By
design,it is not possibleto distinguishelementary products and firms. A
firm may produce several elementary products but no two firms produce
the sameelementaryproduct.

TaBLE 2

Summary Statisticsfor Firms Number of Elementary Products per Firm

Median First Third Maximum
(number)  Quartile Quartile  (number)
(number)  (number)

Intermediate Goods

RefinedPetroleumProducts . . . ... ... .. 14 8 18 20
BasicSteelProducts. . . .. ... ... ..... 3 2 5 6
NonFerrousMetals . . .. ... ......... 2 2 3 8
ConstructionMaterials . . . ... ........ 3 2 6 19
GlassIndustry . . .. ............... 3 3 4 6
BasicChemicals. . .. ... ........... 3 2 8 20
Metallic Products . . . .. ... ......... 5 2 7 16
Paperindustry . . . .. ... ... oL 2 2 4 19
PlasticandRubberIndustry . . . ... ... .. 3 2 6 36
EquipmentGoods

Machinery Construction . . ........... 5 3 8.5 52
ElectricalEquipment . . . . . .. ... ... .. 55 35 9 44
AutomobileIndustry . .. ... ... ... .. 2 2 4 6
Consumption Goods

Parachemicals . .................. 5 3 10 34
Textile and Clothing . . . ... .......... 4 2 6 17
Wood and Furnishing . . . ... ......... 4 3 8 a7

Notes: For sources and definitions, see the Data Appendix. Automobile Industry only includes
caravansand trucks.

Table 2 provides summary statistics for the distribution of elementary
products among the firms in each of the 16 2-digit industry groups. Table 3
shows the distribution of elementary products per basic product for the same
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TasLe 3

Summary Statisticsfor Firms Number of Elementary Products per Basic
Product

Minimum  First Median Third Maximum
(number) Quartile (number) Quartile (number)

(number) (number)
Intermediate Goods
Refined Petroleum Products . . . ... .. 3 4 55 8 9
BasicSteelProducts . . . . ... ... .. 2 3 3 4.5 6
Non Ferrous Metals . . . . . ... ..... 2 3 3 4 4
ConstructionMaterials . . . .. ... ... 2 2 3 6.5 17
Glass Industry . . .............. 2 3 4.5 5 6
BasicChemicals. . . ... ......... 2 2 3 5 27
Metallic Products . . . ... ........ 2 3 4 7 13
Paperindustry . . . . ... ... .. .. .. 2 3 4 5 18
Plastic and Rubber Industry . . ... ... 2 3 4 7 23
Equipment Goods
MachineryConstruction . . . . . ... .. 2 2 4 6 33
Electrical Equipment . . . . . . ... ... 2 3 4 7 24
AutomobileIndustry . .. ... ... ... 2 25 3 35 4
ConsumptionGoods
Parachemicals. . . . .. .......... 2 3 4 6.5 13
TextileandClothing . . . . ... ...... 2 2 4 6 16
Wood andFurnishing. . . . .. ... ... 2 3 5 7.5 26

Notes: For sourcesand definitions,seethe Data Appendix. Automobile Industry only includes
caravansand trucks.

16 industry groups. Notice that the minimum number of elementary products
per basicproductis two, a restrictionthat we imposed on the analysis

To construct the Producer Price Indices, INSEE measures elementary
product prices within the same basic commodity class (6-digit basic
commoditygroups composed of 8-digit elementary products). Appendix B
contains a table of examples of basic and elementary products taken directly
from the French PPl program. The elementary products in each basic
product group are displayed for four different firms (two basic chemical
and two textile) for four chemical basic productsand two textile basic
products. Figure 1 illustrates the quarterly history of the elementary price
indicesfor four firms in a particularbasiccommodity group in the chemical
industry (at this level of detail the names of the basic and elementary
products are confidential). For this basic product group the elementary prices

3. Since we control for the basic product in all our regression, basic product groups with a unique
elementary product would be useless.
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FIGURE 1

ElementaryProduct Price Indices From A Basic Chemical Product
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FIGURE 2

Elementary Product Price Indices From Another Basic Chemical Product
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move together. There is almost no dispersion in the relative prices of the
elementary products. Notice, however, that the data are cyclically variable,
indicating that the elementary product prices reflect market conditions as
transaction prices (but not list prices) would. Figure 2 shows the elementary
product price indices for anotherbasic chemical product. Here, there is
more relative price dispersion among the elementary products but, again,
the elementaryprice indices move togetherand are cyclically sensitive.
Finally, Figure 3 shows four elementary products in a basic textile product
group. Here, there is considerablerelative price dispersionwith cyclical
components that are similar.

We use two statistics based upon the elementary product prices as
dependentvariablesin our analysis. The first of these is the within year
rate of growth of the elementary good price relative to the growth rate of
its basiccommoditygroup. We call this variable the Price Evolution Index.

To compute this index we begin with an index of pricés,;, within each
basic commodity group, that is a weighted average of the elementary
prices, p.+, for all elementary products in basic product group. This
index of basic prices is normalized to one at the beginning of each year.
The elementaryproductpricesare measurednonthly or quarterlyover the
year. At anytime t 4 h the index of basic commodity prices 13, ;,, and

o Firm_1 a Firm_2
o Firm_3 . Firm_4

230 -
220 -
210 -
200
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180
170
160 - ¢
150 4 o
140
130 |

82 83 84 8 8 87 88 83 90

FIGURE 3

Elementary Product Price Indices From a Basic Textile Product
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our measure of relative price increase for an elementary commedlity,

(pe t+h/Bb t+h)
6 I, = it =otn)
( ) o (pe7t/Bb7t)

wherep, ; denotedhe price of an elementary produetat datet. Therefore,

the relative price of an elementary product rises during the year if, and only
if, its price rises more than the averagerise of the elementary products in

its basic product group. Within each yedr € 1) the index of basicprices
changes as the component elementary product prices change. At the end
of eachyear (h = 1), the indexB; .., based on the elementary products
in the index By, is usedto computel, ;. ;, which representghe relative

price variation for one year for a particular elementary product. Then, new
elementanyproducts and new firms are allowed into the basic product group
andthe index By ;41 is renormalized to one using weights appropriate for
the yeart + 1. Our measure of average relative price variation (the Price
Evolution Index) for a given elementary product is the averagk pfor all

the years from 1978 to 1988 for which the elementary product was sampled.

Table 4 provides summary statistics for the Price Evolution Index for
eachindustry group. Notice that the median is always within 0.02 of 1.00,
eventhoughit is the averageand not the medianthat is normalized to
one. The dispersion(interquartilerange)of our Price Evolution Index is
small but certainindustrieshavelargerangesindicatingthat there are some
elementaryproductswith substantialwithin year price variation.

We also calculatea relative price level index (called the Relative Price
Level) for eachelementaryproductin our sample. This index is not an
official INSEE PPI statistic. For eachbasicproductgroup, b, let the simple
averageof the elementaryproductprice within the group at date be P, ;.
Then, our relative price index is:

_ Pet
(7) R‘f7t - Pbt

For all elementary products in the same basic product group, the average
value of R.; is one every year. However, any particular product may
experience relative price changes continuously over the sample period.
Consequentlythe dispersionof the Relative Price LeveR, ; is muchlarger
thanthe dispersion in the Price Evolution Indéx,. (see Table 5.)

4 Wage-Based Measures of Worker
Quality

Our measures of worker quality and firm-level compensation policy
were taken from Aowp, Kramarz and Marcolis [1994]. In that paper,
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TasLe 4

Summary Statisticsfor Firms Price Evolution Indices, all years together
(Elementary Products)

Minimum  First Median Third Maximum
(index) Quartile (index) Quartile (index)

(index) (index)
Intermediate Goods
Refined Petroleum Products . . . ... .. 0.99 1.00 1.00 1.02 1.07
BasicSteelProducts . . . . ... ... .. 0.97 0.98 1.02 111 4.78
Non Ferrous Metals . . . . . ... ..... 0.97 0.98 1.00 1.00 1.06
ConstructionMaterials . . . .. ... ... 0.75 0.97 1.00 1.02 1.16
Glass Industry . . .............. 0.93 0.96 0.99 1.01 1.03
BasicChemicals. . . ... ......... 0.79 0.96 1.00 1.05 3.44
Metallic Products . . . ... ........ 0.82 0.95 1.00 1.04 2.12
Paperindustry . . . . ... ... ... ... 0.92 0.98 1.01 1.02 1.07
Plastic and Rubber Industry . . ... ... 0.92 0.99 1.00 1.03 1.16
Equipment Goods
MachineryConstruction . . . . . ... .. 0.65 0.98 1.00 1.02 1.17
Electrical Equipment . . . . . . ... ... 0.56 0.96 1.00 1.02 1.67
AutomobileIndustry . .. ... ... ... 0.98 0.98 0.98 0.99 1.01
ConsumptionGoods
Parachemicals. . . . .. .......... 0.74 0.97 1.00 1.02 1.13
TextileandClothing . . . . ... ...... 0.80 0.96 1.00 1.04 1.16
Wood andFurnishing. . . . .. ... ... 0.81 0.97 1.00 1.02 1.22

Notes: For sourcesand definitions,seethe Data Appendix. Automobile Industry only includes
caravansand trucks.

Asowp etal. decompose@nnualreal total compensationy,; for individual
i in yeart employed at firmJ(i,¢) into the following components:
Yir = P+Ti S0 +un+os6.0 71060 Sita6, Fr206,0 T (Sitr,n—10)+eis

where
p = the grand mean of;,

8 = the component due to measurable characteristics
a; = the unobservable (to the econometrician) component

u;n = the component due to non-time-varying observahles

ey + NMaGSiesi + Y2a6,0T (Sitry — 10)

the firm-specific component of the compensation policy

with
Sitss,r) = firm-specificseniority

T(.) = the first order spline basis function
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and
g, = the statistical error term.

They estimated this model using a dataset with more than 1,000,000 workers
from 500,000 firms who were followed from firm to firm over the period
1976 to 1987. They computeda wage-based measure of the unobserved
quality of each worker from the average af within each firm & «;) and

of the observable quality differences related to time-varying observables
from the averageof z;;3 (= z;3) and education(non time-varying) from

the average ofy;n (= u;n) *. These measures of worker quality and the
estimated measures of firm-specific compensation poligy +; ;, ands;)

were merged into a sample of 16,913 industrial and service firms. The
firms weretakenfrom a dynamically representative (unbalanced) sample of
the French private and government-owned firmerg&L [1989]) for which
detailed accounting and employment structure data were availabtavfA
CreroN KRrRaMARZ and TRoGNoN [1994]).

Table 5 shows summarystatisticsfor all variables for all firms in our
elementary product sample. The unit of observation is a firm. Compensation
variables are shown in the top panel. Price evolutions and levels are shown
in themiddle panel. Summarystatisticson firm outcomeglevelsandgrowth
rates)and employmentstructureare shownin the bottom panel.

5 Results

Table 6 shows the results of a regression analysis using the Price Evolution
Index as our measureof productquality. Columns(1) and (2) were cal-
culatedfor all 4,791 elementaryproducts,with a completeset of 6-digit
basicproductindicatorsincluded®. Considertheresultsgiven in column (2).

The compensatiowariablesarerelatedto productprice evolution; however,
theserelationsare not strong. the firm-level employmentstructure variables

are strongly related to product price evolution. Two measures of worker
quality are positively related to product quality—the average effect of time-
varying observablegx5) andthe average individual effectvj. However,

the ratio of Engineers, Technicians and Managers to total employment and
the ratio of skilled workers to total employment are not significantly related
to price evolution. Surprisingly, one measure of worker quality is negatively

4. All regression parameterg @ndn) in the Abowd, Kramarz and Margolis model were estimated
separatelyffor men and women.

5. In afirst version of this paper, mono-product firms were also analyzed. These firms were defined
as having elementary products in a single basic product group. The results were difficult to
interpret. In particular, even if such firms are included by the PPI program within a unique
basic product group, they may still produce products in other groups. They only differ from
other firms in that these indices were not collected by INSEE.
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TasLe 5

Summary Statisticsfor Firms Annual Averages over the Life of the Firm
(1978-1988)

Variable definition Mean Std Dev  Min Max
Averagexs of employeesatthefirm . . .. .. ... ... 0.4064 0.0628 0.1070 0.6102
Averagea of employees atthe firm. . . . ... ... ... 0.0621 0.1663 -0.5006 0.7263
Averageun of employees at the firm . . . ... ... ... 3.5606 0.0682 3.3272 4.0993
¢ Firm-specificwagepremium . .. ... ... ... ... 0.0092 0.0841 -0.5771 0.6390
~1 Firm-specific seniority slope . . . . ... ... ... .. -0.0028 0.0367 -0.4642 0.3918
~v2 Changein seniorityslopeat10years . . . . ... ... -0.00003 0.0311 -0.3297 0.5392
Number of ind. observations sampled at firm . . ... .. 442.3 1664.8 2 35776
Price Evolution (index)N=4791) . . . .. ... ...... 1.0018 0.0886 0.3486 4.4241
Price Level (ratio) N=4791) . . . ... ... .. .. .... 1.0091 0.7913 0.0003 12.932
Number of Basic Products sampled
atfirm (Evolution). . . .. ... ... .. ....... 49182 2.8341 1 11
Number of Basic Products sampled
atfirm(Level) . .. ... ... .. 7.5745 2.7073 1 15
Employmentat December31st(thousands). . . . . . .. 1.224 4470 0.021 95.927
Realtotal assetdmillions FF1980). . . . .. .. ... .. 522.7 2198.6 1.5 31653.6
Operatinglncome/Total Assets. . . . ... ......... 0.1447 0.1203 -0.4065 0.8592
Valued-added/Totassets . . . . ... ........... 0.7003 0.3237 -0.0149 4.1706
Realvalue added/Employeéthou. FF 1980) . . . . . .. 188.32 1094.9 -11551.7 27512.2
Realtotal assets/Employee (thou. FF 1980) . . ... . .. 3060.7 48495.3 41.4 1134643
Employment(in logs): AverageGrowth . . . .. ... .. -0.0191 0.2553 -4.4159 1.4828
Assets(in logs): AverageGrowth . . . . . ... ... ... 0.0358 0.1360 -1.4210 1.0724
Sales(in logs): Average Growth . . . . ... ... ... .. 0.0080 0.3813 -7.1092 2.7940
(EngineersProfessionals
andManagers)/Employee. . . . .. ... ... ... ... 0.2641 0.1388 0.0245 0.9423
Skilled workers/Employee. . . . ... ... ... ... .. 0.4364 0.1166 0.0502 0.7772
Dateof birth of firm (N=495) . . ... ... ........ 1965 - 1954 1990
Numberof firms . . . . ... ... ... ... . ... ... 748 - - -

Notes: For sources and definitions, see the Data Appendix.

related to product quality— average education effegf).( A one standard
deviation increase in all of these variables changes predicted product quality
by approximately 1%. The firm-specific compensation interceptas well

as the seniority rewardy() are negatively related to product quality with

an effect on the same order of magnitude as the ones above. Finally, none
of our growth variables (employment, sales or assets) is related to the price
evolution product quality measure.

We haveinterpretedheseresultsassuminghatour product price evolution
index is good proxy for product quality; however, we recognize that several
other interpretations are plausible. First, increases in the relative price of
one elementaryproduct as comparedto the other elementaryproducts in
its basic product group could also be related to a firm’s market position
vis-a-vis other competitors in markets with imperfect competition. For
example, one explanation for the effect @fon relative price evolution is
that firms with some market power split the quasi-rent from this position
with the employees. Prices and wages are both higher at the beginning of
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TaBLE 6

RegressionResults for Product Quality (Price Evolution Index) and
Worker Quality (Compensation Structure Measures)

Independent Variables Summary Price
Statistics Evolution
(all firms) (1) Index

(all firms) (2)

Definition and symbol Means Coeff.
(StD) (StE)
Averageindividual effect(a) . . .. ... ... ... L. 0.0688 0.0383
(0.1684) (0.0175)
Average effect of time-varying observables3) . . ... .. .. 0.4075 0.0708
(0.0592) ((0.0368)
Average education effedun) . . . .. ... ... L. 3.5663 -0.0963
(0.0698) (0.0444)
Firm-specific intercepfé) . . . . ... ... ... ... ... 0.0120 -0.0939
(0.0756) (0.0325)
Firm-specificseniority slope(y1) . . . . .. ... ... ... ... -0.0014 -0.1423
(0.0382) (0.0554)
Changein slope(yz) . . .. oo oo 0.0009 0.0444
(0.0252) (0.0801)
(Engineers, Tech., Managers)/Employee . ... .......... 0.2819 0.0265
(0.1512) (0.0276)
(Skilled Workers)/Employee. . . .. . ... ... ... ...... 0.4214 -0.0451
(0.1095) (0.0245)
Log (Employment/Employment;) . . ... ............ 0.7877 0.0006
(1.0198) (0.0017)
Log (Capital/Capital 1) . . ... ... ... .. ... ..., 0.8559 -0.0019
(0.3591) (0.0095)
Log (Sales/Sales;) . . . . .. .. .. 0.8560 0.0012
(0.4244) (0.0080)
Number of Observations . . ... ... ............... 4791 4791
R-square . . . ... . . ... - 0.226

Notes: The model - column (2) - was estimated using 4,791 observations for 748 firms with complete
data. The regression includes 6-digit basic product fixed effects. All estimates are corrected for the
presence of estimated regressors (Pagan, 1984). All sources are discussed in the Data Appendix.

the period (when the index is normalized). Over the course of the period,
there is a tendency for the relative price of these elementary products to
fall, due to the effects of increased competition owing to the initially higher
prices. Hence, this effect need not be related to a deterioration of the
product’squality. Second,t mustbe notedthat we do not control for the
evolution in quantities of each elementary product produced by each firm.
This information is not currently availabfe We approximatethis evolution

6. Thus, we cannot apply the methods in Berry, Levinsohn and Pakes (forthcoming).
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by using the growth rate of total sales within the firm (in value), as well as
growth rates of employment and assets, over the period. These aggregate
measureslo not appear to have any relation to the price evolution index.

In Table 7 we show the results for a regression analysis of our relative price
level measure of product quality. In Column (2) we find that relative price
levels are slightly higher for elementary products with higher education
effects @n) or higher observableseffects ¢(5), and much higher for
firms with higher skill structures (Engineers, etc. and skilled workers per
employee).Unobservedworker quality is not importantin this regression.

This pattern of results seems much closer to cost function estimates than

TaBLe 7

RegressiorResultsfor Product Quality (RelativePrice Level) and Worker
Quality (Compensation Structure Measures)

Independent Variables Summary  Relative Price
Statistics Level
(all firms) (1) (all firms) (2)

Definition and symbol Means Coeff.
(StD) (StE)
Averageindividual effect () . . ... ... ... .. ... ... 0.0688 0.1311
(0.1684) (0.1755)
Averageeffect of time-varyingobservablegz3) . . ... .. .. 0.4075 0.6140
(0.0592) ((0.3682)
Average education effe€un) . . .. ... ... L 3.5663 0.8155
(0.0698) (0.4441)
Firm-specificintercept(¢) . . . . . ... ... ... ... .. ... 0.0120 -0.3635
(0.0756) (0.3246)
Firm-specific seniority slopéy;) . . . . . ... ... . ... ... -0.0014 0.1133
(0.0382) (0.5538)
Changeinslope(yz) . .. ... ... ... 0.0009 1.6655
(0.0252) (0.8006)
(Engineers, Tech., Managers)/Employee . . ............ 0.2819 0.7232
(0.1512) (0.2757)
(Skilled Workers)/Employee . . . .. ... . ........... 0.4214 1.1221
(0.1095) (0.2446)
Log (Employment/Employment;) . . . . .. ... ... ..... 0.7877 0.0537
(1.0198) (0.0176)
Log (Capital/Capitaly) . . . .. ... ... 0.8559 0.0471
(0.3591) (0.0950)
Log (Sales/Sales;) . . .. ... ... . 0.8560 0.0059
(0.4244) (0.0797)
Number of Observations . . ... .................. 4791 4791
R-square . ....... ... . . .. .. ... . - 0.022

Notes:Themodel- column(2) - was estimated using 4,791 observations for 748 firms with complete
data. The regression includes 6-digit basic product fixed effects. All estimates are corrected for the
presence of estimated regressors (Pagan 1984). All sources are discussed in the Data Appendix.

314



the type of product quality differences we were trying to measure. Finally,
note that our price level ratio is higher for firms wherg the spline after

ten yearsof the returns to seniority, is larger. If our price level measures
complexity of the product, this association may reflect the importance of
learning in firms with high prices: workers stay in the firm because of
deferred compensatior'.

With respect to equation (5), which relates the price to the average worker
quality, and equation(4), which relatesthe optimal quality to the degree
of production complexity, the estimated relations in Tables 6 and 7 suggest
only avery weaklink betweerprice and worker quality, as measured by our
wage equation components. Table 7 does, however, suggest a rather strong
relation between worker skill level, as measured by the skill categories
we used, and the product price. Thus the relation between production
complexity (assumed to be reflected in the product price) and measured
worker skill level receives some empirical support.

6 Further Investigation Using Matched
Individual Firm Data

Our measuref product quality in the previous sections were indirect.
However, in 1987 the supplementto the French Labor Force Survey,
focusedon newtechnologiesandwork placeorganization.Among a wealth
of othervariablesthereis a directquestionaboutexistenceof quality norms
within the firm. Hence,it is possibleto examine directly relation between
individual wagesand quality norms, controlling for many individual and
firm characteristics. Using variable definitions from Entorf and Kramarz
[1994], individual-level characteristics include the use of new technologies
(NT henceforth) experiencewith NT, and all of the usual variables present
in wage equations. As for firm-level variables, besides industry and size of
the employing firm, we know the asset level, the rate of profit (operating
incomedivided by total assets), the skill structure of employment and the
rateof export. Using these variables, as well as the direct question on quality
norms, we estimated the regression equation whose results are shown in
Table 8. The coefficient on the quality norm variable is positive (0.013) and
marginally significant. Hence, this evidence also supports the notion of a
small positive relation betweenworker quality and productquality.

7. Thereis no theoreticalreasonto distinguish between the effects of time-varying individual
characteristica3 and non time-varying individual characteristies in the models in Tables 6
and7. We estimatedhe two basic equations including the sug+wz. Fortheprice evolution
index the effects cancel and the coefficient is zero. For the relative price level the effect is 0.70
(£ 0.27), which is essentially the average of the two coefficients in Table 7.
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TasLe 8

RegressionResultsfor Individual Wages and Product Quality (Existence
of a Firm-Quality Norm)

Wage Wage (Matched
(Full Sample) Individual-Firm)
() @
Coeff. Coeff.
(StE) (StE)
Independent variables:
Existenceof a QualityNorm . . . ... ... ... .. 0.0134 0.0080
(0.0069) (0.0076)
Number of Observations . . ... ........... 15,909 3,682
Log-Likelihood . ... ............ .. ... -31,967.1 -11,634.7

Notes: The dependent variable (wage) has a discrete structure with bandwidths of 500FF for low
wages 1000FFfor intermediatavages 5000FFfor high wages.Theestimatiortechnigueaccounts

for the structureof this variable. The model in column (1) was estimated using 15,909 individual
observations Themodelin column(2) was estimated using 3,682 observations for the individuals
that could be matched with their firms. Both models control for New Technologies variables,
experiencewith NT, tenure, experience,education,sex, hours of work, marital status, region

of work, working schedules, occupation and 2-digit sector dummies. Furthermore, column (1)
includesfirm-sizedummiesand column (2) controls for the employees’ firm skill-structure (share of
engineersprofessionalsand techniciansand shareof skilled workers in total employment), assets
(log), total employmen{log), export ratio and profit ratio (real operating margins/assets). All
sourcesare discussed in the Data Appendix and in the text.

7 Conclusion

We were looking for a relation between product quality and worker quality.
Building on Kremer [1993], we proposed a model in which elementary
products are imperfect substitutes within a basic product group. Our
model shows that the investigated relation may be weak. In our empirical
analysis, our proxies for product quality were based upon relative price
movementandrelativeprice levelsfor elementaryproductsat anextremely
detailed level (approximately 8-digit) controlling for basic products at a very
detailed level (approximately 6-digit). Consequently, we believe that the
technological differences among our firms, given their basic products, are
minuscule. A priori, there are good reasons to believe that within-year
product price variation, controlling for basic product group, represents
changes in product quality. The case is less strong for the relative price
levels. We do find some positive relations among our firm-level worker
quality variables and price evolutions; however, we also find some negative
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relations. In addition to our product quality interpretation, we also offer
some additional explanations, which require some non-competitive structure
in the product market. If product quality and worker quality are positively
related, the effect is apparently more important for sorting workers among
diverseand nonsubstitutablgroductsthan for explaining variation within
groupsof imperfectly substitutable detailed products.
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APPENDIX A

Construction of the Price Data

The prices we uses to compute our quality indicators were collected by
INSEE to computethe ProducerPrice Indices (PPIs). First, we describe
how these prices were collected. Second, we discuss the methods used
to computethe variablesusedin our analyses.Finally, we provide some
additional descriptive statistics concerning these price measures.

The French PPI program

The collection of transaction prices to compute PPIs began at the end of
the 1970's in France. Earlier surveys (Wholesale Price Indices) measured
only list prices(i.e., without discounts) were. The transaction price surveys
beganwith important intermediate products as determined by their shares in
the PPI. Gradually,all intermediateproductsand somefinal products were
introduced. Currently thereare over 10,000basic productscoveredby the
PPI program. Our study is limited to the selectedindustry groups whose
priceswere followed for the PPIsduring the period 1978 to 1988.

The collection of prices for a given industry (NAP 600, 4-digit SIC)
beginswith a size-based sample of the firms in which the largest firms in
the industry group are sampleduntil 60 to 80 % of total industry group
salesarecoveredby the sampledfirms. This coverage may be lower in less
concentratedndustries. The firms participatingin the index are thus the
largestFrenchfirms in their 4-digit industry.

Once the firms have been chosen, a field agent is sent to each one. The
field agents,contractualINSEE employeesworking for the PPI program
areformerengineersith extensiveprivatesectorexperiencen the relevant
industry. In generaltheseengineersare 50-55 yearsold when they begin
to work in the PPI programat INSEE.

The purpose of the field agent's visit to the firm is to design the
guestionnaire unique to each sampled firm, which will be used for the
five year survey period. The field agent must analyze the way the firm sets
its prices (distribution channels, types of discount, etc.) and how these prices
arerecorded in the firm’'s accounts. The goal is to collect true transaction
pricesfrom the sellers; therefore, confidentiality is essential. To ensure that
the firm will give INSEE the required information, the field agent is told to
basethe questionnairen informationthatcanbe directly retrieved from the
company'’s records. In general, firms use management information systems
that offer easy access to prices billed at the delivery (invoice prices) . On
the other hand, true order pricase( including discounts that extend over
multiple orders) are rarely recorded. Thus, the collected prices are mostly
invoice prices,and in a few cases, order prices. For many intermediate
goods, there is not much difference between these two prices. The direct
contact with the sampled firms and the customization of the questionnaire
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is crucial for the quality of the survey. The results obtained when INSEE
tried to collect the necessary information by mail were far less satisfactory.

Thenext task of the field agent is to choose “elementary products”, 8-digit
products unique to the firm whose transaction prices will be collected for
the computationof the PPIs. As in the choice of firms, there is not random
samplingof elementary products. Choosing the elementary products requires
disaggregatiorof the firm salesinto homogeneousbasic product” groups
(6-digit classification). The main products of each basic product group are
sampled. A basicproductgroupis homogeneoud, in the opinion of the
field agent engineer, the price variation among the products it covers is
similar and the productsthemselvesare very close production substitutes.
Choosing elementary products is a very difficult task. Even the technical
employeeswithin the firm have difficulty in determining homogeneous
basic product groups. The INSEE field agents in the PPI program base their
decisions upon the firm’s information and their industrial experience. Thus,
it is certainly possible that basic products do not correspond exactly to a
homogeneous market, but it should be stressed that they correspond to at
leastthe 6-digit level of product codes used in the American PPI.

An elementary product is not only defined by its technical characteristics.
However,INSEE is trying to measure pure price changes. Hence, changes
in the reportedprices of elementaryproductsshould correspond to some
changen thefirm’s pricing decisionsandnot to otheraspectof its business
operations. Thus if, for example,price levels are different between two
differentdistributionchannelsthefield agentshouldaskthe firm to give the
price for one channel. Therefore,the definition of an elementaryproduct
also includes the characteristicsof the transaction:type, of the typical
customer,of the guaranteepf the packaging,and so forth. Unfortunately,
this complexity of definition often conflicts with the goal of collecting
true transactionprices, becausdirms, in general,cannoteasily tell which
amountthey chargeat sucha disaggregatedkevel. It is, therefore, possible
that some observedprice changesare due to changes in some of the
transaction characteristics.

The numberof elementaryproductsfollowed in each firm depends upon
variousfactors:size of the firm, numberof basic products, and number of
elementaryproductsin eachbasicgroup. It also depends upon the firm’s
degreeof cooperation in the survey. On average there were four elementary
products per firm in 1988.

Finally, the field agent has to collect sales corresponding to each basic
product, which are usedto weight the basic indicesHj;) in the general
PPI. Prices and sales are calculated for the domestic market with exports
excluded.

The customizedjuestionnaire is sent to the firm on a monthly or quarterly
basis. The staff of the PPl program at INSEE monitor the survey response
and telephone the respondent firm when there are irregularities in the
responses. Firms are asked to report changes in the elementary and/or
basic productsdirectly to the INSEE field agent. In practice, changes in
products are mainly detected through abnormal price variations detected in
the questionnaire responses and investigated by the PPI staff. If there is
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a significant change in the quality of an elementary product, inducing a
significant change in its price, then a new elementary product is created.

There are two ways of introducing new products into the index. Every
five yearsthe indices of certain industry groups are rebased. At that time
the firms are resampled, new basic products and new elementary products
are defined and the questionnairesare redone. Different industry groups
may have different base years as it is impossible to rebase all sectors in
a given year.

The secondway of introducing new productsinto the index is when an
elementary product chosen during the previous rebasement is not marketed
anymore.Firms are asked,in this case,to give INSEE the price of a close
substitute product and the two are linked in the index using price and cost
information from the firm.

Finally, we note that technical characteristics of the products, which might
be usedto measure their quality, are not recorded in sufficient detail.

Construction of the firm-level dataset

The data containingthe individual indices computedfor the PPl were
mergedwith the datasetusedin Asowp et al. [1994] using the SIREN,
which allows oneto identify the firm in both datasets. Of the 4,248 different
SIRENin the masterPPI datase48 remainafter the merge. Both datasets
oversampldarge firms, which, therefore,survive the mergeprocess with a
much greaterprobability than smalleror intermediatesize firms.
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APPENDIX B

Titles of Elementary Products and Basic Products
(Examples)

Firm’s Title
Firm Basic Product of the Elementary
(in French) Product(in French)
1 (Basic Chemicals) Butaelhe, Butyéne et @tives Butadéhe
1 (Basic Chemicals) Butaéine, Butyéne et @rives Methyl-ethyl-étone
1 (Basic Chemicals) Butaelhe, ButyEne et @fivées Phtalate 7-11
1 (Basic Chemicals) Alkyl-Bererie et étivées Acstone D.M.K.
1 (Basic Chemicals) Dérivés du Propydne Alcool Isopropylique I.P.A.
2 (Basic Chemicals) Alkyl-Bererie et étivées Adcstone code 23412
2 (Basic Chemicals) Alkyl-Benzéneet dérives Pkenol C 40/41
code55294
2 (Basic Chemicals) Dérivés du PropyEne Oxydede PropyEne
code26486
2 (Basic Chemicals) Ethanol,Ac. Acétiqueet dérivés Acide A&tique code 12127
2 (Basic Chemicals) Ethanol,Ac. Acétique et @fivés Acstate de Vinyle Monorre
code13564
3 (Textile) Fil Car@ Classique Ambiance, NM 1/37 fixe
Teint pour Bonneterie brillant, fil teint néochrome

acryliqgue 100%
fibre courte

3 (Textile) Fil Card¥ Classique Teint Fil Brillant,
NéochromeNM 1/30
pour Bonneterie teint en bourre coloris
marinecotonacrylique50-50
3 (Textile) Fil Ecru Card’Classique Elvira CS polyester
pour Tissage 100% non feu,
NM 2/40retors
4 (Textile) Fil Card Classique QuaktCoreze,
Teint pour Bonneterie NM 1/40 coton
acryligue 50-50
4 (Textile) Fil Ecru Card Classique QuaktBéarn,
pour Tissage NM 2/34 pur acrylique
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