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Summary

This paper introduces the papers presented at the NOaditerence on
Competitiveness and Productivity and discusses them itiorelto the

widening productivity gap between Europe and the US <I985. It is

shown that productivity growth is driven by R&D, human capitadl a
efficiency of production such as human resource manageg@mrnment
regulation, competition and openness. It is concluded thatntgdte
explanations for the widening productivity gap are low invesim
inefficient use of information technology, compressed watggcture and
deregulation of the otherwise regulated labor market in Europe.
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Over the last two centuries, trend productivity has beewigg be-
tween one and two percent in the US and the EU14 countiesevthe
EU14 countries consist of the 15 EU members in 2004 excludingm-uxe
bourg (see Figure 1 for a country sample). Productivity is hereuneshas
total factor productivity (TFP), where labor is measuasdemployment
multiplied by annual hours worked and income and capitaksire meas-
ured in purchasing power parities. Figure 1 shows that the US hadHece
productivity leader over EU14 during the last two centufiéds does not
mean that the US was ahead of all EU14 countries durengritire period.
The UK was more productive than the US in the nineteestitury; how-
ever, the US took the lead in the early twentieth century.

The productivity gap between the US and EU14 widened ovepdtie
od from 1820 to 1945 due to stronger increases in educationahsdtd
and research intensity in the US than in EU14 (Madsen, 20h8)eafter,
the gap narrowed substantially up to mid 1995 due to technology spillove
through imports, a stronger increase in research ingeasd educational
attainment in EU14 than in the US, and catch-up to the temnérontier
(Madsen, 2007, 2008).

Figure 1. Total factor productivity
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Source: See Madsen (2010).

Note: The EU14 countries consist of Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, the
Netherlands, Portugal, Spain, Sweden and the UK. The EU average is an unweighted average.
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The productivity gap between the US and EU14 has wideimed s
1995, a question that this special issue is concerned aboutedém di-
vergence raises the question as to why the catching-opgzdas stalled,
why the productivity performance in Europe has been relgtjpoor since
the mid 1990’s and whether the gap will continue to widesidadly, the
gap will continue to widen if structural and institutioffiattors in EU15
have permanently lowered the incentives to do R&D, ifRB®& produc-
tivity is slowing down in EU15 relative to the US, and 55 cease to
take advantage of the technology that is produced in thd téSpapers in
this special issue examine these topics from a microecoramdicmacro-
economic perspective; both of which give important insigha fiactors
affecting productivity.

In this paper, we examine different factors that affeetabsolute and
relative productivities among the OECD countries and lriefscuss
which factors highlighted in the contributed papershis special issue
suggest as potential answers. The next section setsathe af the produc-
tivity path in the US and EU15 and investigates macro issuesd étatieis
(Section 3). The micro issues are discussed in Sectiand4Section 5
concludes the paper.

1. The productivity puzzle

Figure 2, which is from van Ark, shows the path of re@afivoductivities
between the US and EU15. The figure shows, in terms of prodyqtiss
hour worked, that EU15 was catching up with the US duringptréod
1950 to 1995; thereafter the relative productivities have gidgkrin abso-
lute terms, EU15 and the US both experienced high prettyatates dur-
ing the period 1950-1973; thereafter, during the period 1973-1995, the
growth rates slowed down considerably, particularly in ti$e WYan Ark
finds that the labor productivity convergence in the period 11985 was
driven by convergence in capital intensity. The labor pradtctgrowth
rates recovered in the US after 1995 while they slowed dovimeiiEU15
and, therefore, resulted in a reversal of the convergiiateook place up
to 1995. Van Ark argues that the slow labor productivity inoge after
1995 may have been related to the loosening up of somenrabyket ri-
gidities that have increased employment in EU15 more than in thedJS. V
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Ark shows that the recent decline in labor productivity growthUd®has
been dominated by a marked productivity growth slowdowtrade, fi-
nance and business serviées.

Figure 2. Total economy GDP per hour worked and GDP  per capita in EU15, 1960-
20009 (relative to the United States)
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Source: The Conference Board Total Economy Database, January 2011, http://www.conference-board.org/ econom-
ics/database.cfm.

Note: EU15 refers to the 15 countries constituting the European Union before 2004 and includes Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden
and the United Kingdom. Relative levels are based on purchasing power parities for GDP for 2005 from the OECD.

The finding of van Ark raises the question as to why pradticthas
slowed down in EU15 while, at the same time, it has picketh the US
since 1995 and resulted in a productivity divergence. Vanabidcesses
this issue by decomposing the sources of growth and fintdshingrowth
in total factor productivity has been the main factor behind theéuygtivity
slowdown in EU15 which, in turn, raises the issue of Whaxctors have
been responsible for this path in TFP. In the next sedtigshown that
TFP is driven by R&D, human capital and efficiency of producguch as
management practice, government regulation and export expufstoen-
panies.

! To gain further insight into the US-EU productjvjiuzzle, it would be obvious to study the
role of sectors in the divergence of aggregateyrtidty. However, such an analysis is not
possible due to the lack of an appropriate conwar&ictor for measuring productivity levels at
the sector level; see Sgrensen (2001) and Sgransefchjerning (2008).


http://www.conference-board.org/
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2. Macroeconomic perspective on the productivity puzzle

2.1 TFP, R&D and growth

Below it is argued that R&D is driving technological pregg and, there-
fore, labor productivity growth along the balanced growthhpdthe
knowledge stock denoted Bycan be influenced by several factors beyond
R&D such as human capital, resource allocation, regulatmasagement
practices, openness of the economy, organizational efficieaciyestsome
of the factors on which we will focus below and that diseussed in the
papers in this special issue on productivity and competiéiss. If these
factors also affect the incentives to undertake R&D,etffieiency of un-
dertaking R&D and the implementation of new technology, tleyhave
permanent growth effects.

In the remainder of this section, we trdaas the technological state of
the economy that can be influenced by R&D and human capital. &&D
human capital can have temporary as well as permanewtigeffects
depending on whether there are any scale effects in medaction. To
show this more explicitly, consider the following homogenousble
Douglas production function:

Y = K“(AhD® 9, (1)

whereY is real outputA is the technological state or level of TRRjs
capital stockL is raw laborh is human capital such as educational attain-
ment, and is the share of income going to capital.

Eq. (1) can be rewritten in terms of labor productivity growth rases

Oy = a9 H(1-a)(0at9, ), 2)

wheregy, is labor productivity growthgy, is growth in the capital-labor
ratio, ga is technological progress, agglis growth in educational attain-
ment. From this equation, it follows that labor producggivirowth is a
positive function of capital deepening, technological prageesd growth

in educational attainment. However, since capital deepening in the long run
is entirely driven by technical progress and human capital, whicluadlys
measured by educational attainment and cannot grow forealeor |
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productivity growth is entirely driven by technologicabgress in the long
run. Increasing investment and educational attainment, oquhlty of
teaching, can boost labor productivity temporarily but ngh@long run.
Furthermore, productivity can only keep growing in the long if the
technological progress is sustainable.

To see which factors determine technological progresssider the
following ideas production function:

M=(X1Q) A, 0<o<l, @<1, (3)

where/ is a research productivity paramet€rjs product varietyg is a
duplication parameter (O if all innovations are duplicatiand 1 if there
are no duplicating innovations is the innovative activity such as R&D
or patenting,AA is the number of new ideas generated, jaisdreturns to
scale in knowledge. From Eg. (3), it follows that technologicagress is
driven by R&D. Whether the growth effects of R&D are penent or
temporary depends on the knowledge scale parametehich is one in
first-generation growth models. First-generation endogenous lyroatl-
els assume that growth is proportional to R&D. Since trawates have
not increased proportionally with the massive increade&D workers in
the OECD countries over the past 50 years, first-generatiokogenous
growth models have been replaced by second-generation mblelsyo
dominating second-generation endogenous growth models are semi-
endogenous growth theory and Schumpeterian growth theory.- Semi
endogenous growth theory assumes thatl, so that R&D only has tem-
porary growth effects. Schumpeterian growth models assurhe thd,
which implies that as long as research intensity is pesttie economy
will continue to grow. However, the latter group of modelgliap a func-
tional form that does not imply a long-run growth rate thareases pro-
portionally with the number of R&D workers, which was tHgeation
towards the first-generation endogenous growth models.

Empirical evidence is predominantly in favor of the Schusnest
growth paradigm (Ha and Howitt, 2007; Madsen, 2008, 2010; Ang and
Madsen, 2012), which implies that R&D has permanent grefftts and
that productivity growth is positively related to resdmintensity. Madsen
(2008, 2010) and Ang and Madsen (2012) find that growth is signiifica
positively related to research intensity. Figure 3 showsareh intensity
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measured by economy-wide R&D expenditures divided by nominal GDP
for the US and EU14, where EU14 is once more EU15 minusnuxe
bourg. The graph shows that the research intensity hetsidted around

2.5 percent for the US while it has been markedly increasing in Ebdd si
1965. The sharp decline in the US during the period from 1968 to 1978 to
a large extent reflects declining R&D expenditures rdlatethe NASA
program. The convergence in R&D expenditures between the US and
EU14 is likely to have played an important role for thedpictivity con-
vergence between the two country groups over the period corkidere

Figure 3. R&D-GDP ratio
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Sources. See Madsen (2008).

Notes: See notes to Figure 1.

During the period 1965-2008, which is covered by Figure 3, research
intensity has been higher in the US than in EU14 despitt4Ehaving
experienced higher productivity growth rates than the THss result is
consistent with Madsen (2008) who fails to find a positiMati@ship
between growth and research intensity in the cross-gowtiension.
This lack of correlation in the cross-section dimenss likely to reflect
the fact that research productivity varies across natiodi$heat productivi-
ty growth is influenced by factors other than R&D sucthasan capital,
guality of teaching, human resources management, regulatiook;ugat
and the openness of the economy.
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2.2 Regulation and resource allocation

The reallocation of production factors from low to high productivecaer
es economic growth. This positive relationship has been isstattifor a
group of OECD countries in Sgrensen (2007), where a reallocation of labor
input from low- to high-wage sectors is found to result in higlyggregate
productivity growth.

The results of anticompetitive measures can result in theddi catch
up to the frontier by altering the incentives to adoptldading technolo-
gies available in the market and innovate among the exiiting. This
can be done by reducing the rivalry among incumbents and biygnie
entry of new, innovative, firms difficult. Conversely, the opgnup of
markets and increased competitive pressures provide bothtumpes
and incentives for firms to upgrade their capital sspeldopt new technol-
ogies and innovate to reach and possibly push out frombeugtion tech-
niques. Furthermore, anticompetitive regulations may deteetiecation
of resources from less to more efficient firms byré@sing adjustment
costs such as entry and exit costs, and adjustment cos&dldocate factors
of production such as capital and labor.

In their paper on regulation and resource allocation, ldrndicoletti
and Scarpetta examine whether regulations can affedugiivity by pre-
venting resources from flowing to the most productive usesreTaee
several channels through which anticompetitive product maekedation
can affect productivity. Although product market regulatiorksde pre-
vent the formation of monopolies, it often results in regulatidmifing
away from their original public interest aims, resultinghe protection of
special interest groups. Furthermore, the costs may exieecexpected
benefits and the designs do not often follow the evolvemietite indus-
trial structure and product composition. Figure 4, which istidal to
Figure 1 in Arnold, Nicoletti and Scarpetta, indicateg thgicompetitive
product regulation is associated with a lower income pgita across
countries. Among the OECD countries, there has been a conwertgen
wards a more pro-competitive stance during the period 1998-J0@8e
has also been a convergence between EU15 and the US, whgdsts
that this factor has not been responsible for the tquaductivity diver-
gence between the US and EU15.
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Figure 4. Anticompetitive product market regulation and GDP per capita *
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Source: Woelfl et al. ( 2010).

Note: ® Based on a “simplified” OECD PMR indicator (see Woelfl et al., 2010). PMR measured in 1998 for OECD
countries; 2008 for Chile, Estonia, Israel, Slovenia, Brazil and China; 2007 for Croatia, Indonesia, South Africa and
Ukraine; 2006 for Bulgaria, India and Romania.

2.3 Human capital and growth

Human capital is influential for income and growth by enhancing tak-qu
ty of workers and potentially also ideas production. Humapital in-
cludes everything that affects the skills of individualshsas on-the-job
training, educational attainment and cognitive skills. Foctaral purpos-
es, human capital is predominantly measured as educatttasdiment
among the population of working age, where educational attainmém i
average number of years of schooling. Educational attaincemtbe
measured using gross enrolment rates at differeetseamong different
age cohorts, where gross enrolment rates are measured@sdantage of
an age group that is enrolled in primary, secondary atidrieeducation.
Alternatively, educational attainment can be measunextttlf from popu-
lation censuses that are usually carried out in five or teniyeavals.

De la Fuente summarizes the effects of educationalnattmit on
productivity growth in the OECD countries and Spanish states baded on
previous research. He uses census data for the OBQ@fries; however,
the data are corrected for outliers and implausible ntsriace there are
quite a few implausible numbers in the data. De la Fuemds fthat educa-
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tional attainment has significantly positive productimgtpwth effects and
that the social returns to education are higher tharstb&l returns to
fixed capital, which renders investment in human capital ecaaiyi
viable from society’s point of view.

Figure 5 shows educational attainment among the working ageapopul
tion since 1870. Both the US and EU15 have experienced massive
provements in educational attainment, and it has been an anpéattor
behind the industrialization (Madsen, 2010). Although de la Fuemds
productivity growth to be positively related to tlewel of human capital,
Figure 5 suggests that there can probably not be a pertrostive rela-
tionship between productivity growth and human capital: retise there
would have been a marked increase in labor productivitytty rates over
the period 1870 to 2009. This has not been the case, howevererfurth
more, it is unlikely that the pace of innovations willre&gse as the work-
force becomes more educated. Better educated people ezdikety to
increase the efficiency of production and, therefore, the &fyeoductivi-
ty than increasing the rate of innovation. Does that refutenidaiis of de
la Fuente? Not necessarily since he considers the movement ictpribglu
from one steady state to another. Thus, his analysis doempigt any
permanent growth effects of educational attainment.

Figure 5. Educational attainment
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Source: Madsen (2010).

To shed some light on the productivity puzzle, the relagvellof edu-
cational attainment between the US and EU14 is represbntde: dotted
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line in Figure 5. The decline in relative educationaiathent during the
entire period shows that EU14 has been catching up withdu&#onal

attainment and may well have been a factor that hagitmateid to the
productivity convergence. However, since the convergence icatdoal

attainment has continued since 1995, educational attainmemohasn-

tributed to the productivity divergence since 1995.

3. Microeconomic perspective on the productivity puzzle

3.1 Export and productivity

The world has undergone three globalization waves sincEitsielndus-
trial Revolution started in the mid eighteenth centuryhimn UK. The first
wave was in the latter part of the eighteenth cerand/ was brought to a
halt by the Napoleonic War, the second wave started dunmgécond
Industrial Revolution and was brought to a halt by WWI @edlast inno-
vation wave started in the 1960’s and has since then gainedmham in
terms of international trade and capital movementsecAinring question is
whether trade openness increases growth. There are|ls@agans as to
why trade openness increases growth (see Madsen, 2009githeeason
being that it exposes firms to more competition and, as $otes them
to innovate and keep pace with the technology frontierthEtmore,
openness is associated with foreign direct investment (kbich tends to
be technologically more advanced than domestic investment.

Wagner surveys the micro evidence on the relationshgngmroduc-
tivity, export exposure and FDI. The evidence suggests thdtpers that
are more exposed to the export market are more proddictimeproducers
that predominantly serve the domestic market. Foreigntdimeestors are,
in turn, more productive than export producers, which furshessses the
importance for producers of being exposed to foreign cotigretiThe
trouble with these empirical findings is how to deal vifte two-way rela-
tionship between foreign exposure and productivity, as skstlby Wag-
ner. More productive and sophisticated firms tend to invesbaa and
have a high export exposure because they are sophidticatbe first
place. However, if these firms are growing in an enviroriméth high
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trade openness, they are likely to be more productive thanciosad
economy.

In all events, there seem to be positive productivity effassociated
with openness even when feed-back effects from growtbxpmrts are
allowed for. Thus, there are productivity gains assediatith policies that
seek to bring down foreign trade and investment barriers such asaadffs
embargoes on imports of certain products and restrictiorR®band other
capital flows between firms.

Has the path in export exposure contributed to the wideof the
productivity gap between the US and Europe? Figure 6 shows @genne
over the past 140 years in the US and EU14. Openness is atasur
imports divided by GDP. Ideally, openness should be medss exports
plus imports divided by nominal GDP. However, data on dspare not
widely available back in time and imports tend to follewports in the
long run. The figure shows that openness peaked in EU14 imithe
1920’s and not recently as is often assumed. Openness defdinboth
country groups during the interwar period and was drivethbyDepres-
sion and an increasing nationalism (Madsen, 2001). Openneskeka
increasing since WWII; particularly in the US. Thaadietween openness
in the US and EU14 has more than doubled since 1960 as theod8my
has been transformed from being quite a closed ecohoraymore open
economy, noting that the US economy will always be more d¢ltisen
EU14 because of the sheer size of the country in terms of population.

Does the path in relative openness explain the productivity gap lmetwee
the US and EU14 over time? Productivity-wise, the US wegirfg ahead
of EU14 during the period in which the relative openness deatining
(1870 to 1945). Openness converged quite quickly during the period 1960-
1978, which was a period during which EU14 was quickly catching up
with the US. However, the lack of a positive correlati@tween openness
and productivity growth does not disprove a positiveti@ighip; it may
just be that openness is not that influential for produgtamd that factors
other than openness have overridden the positive prodyaifécts from
trade. The US’s recent increase in relative opennegsheae contributed
to its productivity advanceis-a-visEU14.
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Figure 6. Openness
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Notes: Openness is measured as imports of goods and services divided by nominal GDP.

3.2 Product and process innovations

Hall reviews evidence on the relationship between innovations addgr
tivity at industry and firm levels and discusses messent issues related
to innovation and TFP. Innovation is a broader concept thab. Righere
R&D is creative work undertaken on a systematic basis in ordiecrease
the stock of knowledge and the use of this stock of knowledgkevise
new applications, innovation is the introduction of new igniicantly
improved products or processes. According to these defisjtinnovation
for example also includes the development of products thatew to the
market or to the firm but not necessarily to the wosladgh activities are
not included in R&D.

Hall shows that the measurement of TFP is not triviakunaperfect
competition and when the data in factor inputs are misaned. Further-
more, Hall makes a very important distinction betweesdpet and pro-
cess innovation, where product innovation increases the firevenue
while process innovation increases the firm's produstivitder imperfect
competition — a distinction that is difficult to makethé macro level. In
her survey, Hall finds strong empirical evidence of pasitabor produc-
tivity effects of product innovations and a somewhat marbiguous
impact of process innovation.
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Does differences in innovation activities explain theleming in the
productivity gap between the US and EU since 1995? Accotdiigll,
the empirical results do not suggest that European firmigrperform in
relation to innovation. Innovation in European countries isigis or may-
be higher than in other countries outside Europe. Thus, girmeth is
driven by innovations in the long run, innovations are unlikelype an
important source of the widening productivity gap.

3.3 A personnel economics approach to productivity enhancement

Lazear and Shaw show that there are large productigitiations among
workers within the same firm and that the varianagrésater among high-
skilled jobs than among lower-skilled jobs. Furthermoheytfind that
even within very narrowly defined jobs, productivity varggnificantly
across workers within narrowly defined occupationge Tvariance of
productivity that is explained by personal differentes/1l percent for
windshield installers, while it is only 7 percent feathers (measured as
variations in student test scores). Given the larderdifice between star
performers and low-performers, there is plenty of room for imprewtin
individual productivity within firms. The use of more inmdiwe human
resources (HR) practices can narrow the gap betweenahnigow per-
formers within and across firms. Personnel economics, founygliédzear,
shows how HR practices can raise productivity. The stuliesmarized
by Lazear and Shaw show that the effect of personnel practioegitions
can be as high as 50 percent of output.

HR practices can raise productivity by giving workers the itreenthe
opportunity, and the ability to do this, where incentive pagsgyworkers
the incentive, team problem-solving gives them the oppoytusitd train-
ing gives them the ability to raise their performance.eeaz2000) finds
that the introduction of piece rate pay among workers wive drucks to
customers’ homes and install windshields in cars that Hameged wind-
shields has substantial productivity effects. When the fihanges from
hourly pay to payment by the amount of windshields installed, ptivity
rises by 26 percent because employees raise their effdhteojob. Fur-
thermore, Lazear finds that productivity rises by aboup@@ent more
because more productive workers are hired by the firm. Thus, theray
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can gain a better match between workers’ skills amdsfi needs, to the
extent to which the firm does not attract higher effort workers

Personnel economics may give some insight into why the proiuctiv
gap between the US and EU15 has widened since 1995. Although 1o mac
ro evidence on the contribution of management practicesotdugtivity
growth has thus far been produced, Lazear and Shaw stiggettere is
indirect evidence supporting the view that human resoomr@eagement
has recently contributed to growth. First, productivity tiaen over time
in industries that are computer-using industries, and comps#eis corre-
lated with HR changes in the US. At the sectoralljetés argument is
consistent with the findings of Stiroh (2002) and Dahl et201() who
estimate the quantitative effect on labor productivitgwgh of IT after
1995 in the US and Europe, respectively. Stiroh finds an incoédseer-
cent for US labor productivity growth in ICT-intensivedustries post-
1995, whereas Dahl et al. find an increase for European ecesmahi
around 40 percent of the IT-induced productivity effects inUBe In this
sense, the difference in the utilization of IT betwéss two regions has
contributed to the productivity divergence.

Second, time trends show that US firms have increasedud®iof in-
novative HR management practices which may not be the caseoipean
firms. The view is confirmed by Bloom et al. (2011) who findt tbs
multinationals operating in Europe obtained a higher prodtycfiom IT
than non-US multinationals. Moreover, it is found that the US advamage i
IT is primarily due to its HR practices on promotionsy,daring and fir-
ing.

A third piece of evidence of whether personal economics can@gie s
insight into the productivity puzzle is presented igufe 7. In the words
of Lazear and Shaw: “perhaps the most important ghatt comes from
the compensation literature is that pay compression isettemy of
productivity”. Based on this quote, we present the incamquality over
the past century for the US and EU8 (see the note ifprd-7 for the
country sample). Income inequality is measured as the incziraee
among the top 10 percent income earners. The figure showstoatd
inequality has widened between EU8 and the US sincenttiel960’s.
However, the inequality gap between the US and EUS first starteiien
markedly at the end of the 1980’s. The widening inequality rmglain
some of the productivity gap between the US and EU8 betaesgiden-
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ing inequality in the US may, to some extent, reflectreneasingly effi-
cient use of resources.

Figure 7. Income inequality

Top 10% income share
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Source: Leigh (2007).

Notes: EU8 consists of Finland, France, Germany, Ireland, the Netherlands, Spain, Sweden and UK.

3.4 Teaching efficiency

Using data on test scores for various subjects for appadely 1 400
public schools, Bogetoft and Wittrup examine the efficiemdythese
schools in terms of student grades while controlling fdroseting re-
sources used, peer group effects and socioeconomic backgroundssuch
parents’ educational background, income, employment, and eghnicit
Since some of these factors are highly influential éosling grades, it is
important to control for them. The results show thaisonomic back-
ground explains 28 percent of the variation in test scaneang students
while 93 percent of the remaining variance are explaineédividual
ability and only 7 percent of the remaining variance apdained by the
quality of the school.

Furthermore, Bogetoft and Wittrup’s estimates show tbabals can,
on average, save 13 percent of their expenditure without saifjuality
if their resource allocation follows best practiceorgse allocation. Final-
ly, they show that the average score among students can be @adrpv
ten percent without increasing the resource usage. The nmiibators to
this improvement are the size of the school and the &bocef teachers’
time towards more teaching.
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4. Concluding remarks and policy implications

The discussion in this issue suggests that the producpeitprmance in
EU15 has not been impressive recently and that its predyatlative to
the US has widened over the last 15 years. Howeverhittigit all clear
which factors have been responsible for this developmerentadtcandi-
dates, as discussed in this issue, are R&D, educhtitiatnment, quality
of schooling, human resources management, regulation angutieien
and export exposure. However, relative to the US, reseatehsity and
educational attainment among the population of working age anfeng
EU countries have improved and, as such, have not contritnutbd wid-
ening of the productivity gap. The stronger reduction in the angietitive
regulation among the EU15 countries than the US since 1998 (the first year
at which data are available) should have alleviated theugtivity growth
decline in EU15 relative to the US.

Lazear and Shaw as well as van Ark suggest that arriamp@xplana-
tion for the productivity paradox between the US and Eldlf®lated to
information technology. Van Ark points to high levels of@atment in
information technology in the US in the second half of the 1996is,
lowed by a rapid productivity growth in the market seesi sector of the
economy in the first half of the 2000’s — two developments tlthindi
take place in Europe. Lazear and Shaw suggest that ithéndirect evi-
dence supporting the view that complementarities between hesaarce
management and information technology have recently corgdbtd
growth, especially in the US. First, productivity has rigeer time in
computer-using industries, and computer use is correlathdHRtchang-
es in the US. Second, time trends show that US firms ineveased their
use of innovative HR management practices which mapadhe case in
European firms; a view that is supported by Bloom et al. (2011).

Another potential contributing explanation for the produttiiuzzle
suggested by Lazear and Shaw is the compressed wageirgts in many
European economies. In the words of Lazear and Shavhdpe the most
important point that comes from the compensation literatuthat pay
compression is the enemy of productivity”. This is an avehaterhay be
fruitful to explore in greater detail to gain some @iwi into the poor
productivity performance of European economies. As a fpwéntial
explanation, van Ark points towards the labor market pstantial source
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of the productivity puzzle. The deregulation of the othsewiery regulat-
ed labor market in Europe since the 1980’s has probably iecraae
demand for labor, particularly of unskilled types andswash, has counter-
balanced some of the increasing capital intensity lat occurred as a
result of technological progress since 1995 and, thus, hasnped labor
productivity from increasing as much as it would otherwise klave.
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This paper provides a historical perspective on the Amwetituropean
productivity paradox since 1995. It reviews the growth and ptodhyc
performance in both regions since 1950, and investigateedisens for
the widening of the productivity gap since 1995. Using the EU-KBEM
Growth and Productivity Accounts, the paper shows thapthductivity
slowdown in Europe is mainly attributable to the slower gewece of the
knowledge economy compared to the United States. This isvebsier
low growth contributions from investment in informatiordasommunica-
tion technology in Europe, the relatively small share ohrietogy-
producing industries, and slow multifactor productivity gravithe article
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The benefits of the modern knowledge economy differ greatlydmst
advanced economies. The EU-15, that is the 15 European Unioniesuntr
that constituted the Union up to 2004 and that constihgeocus of this
chapter, experienced a sharp slowdown in labour prodyctiibwth
(measured as GDP per hour of work) from an annual ra2e7ober cent
during the period 1973-1995 to 1.5 per cent during the period 1995-2007.
At the same time, labour productivity in the United Stiteseased sharp-
ly from 1.3 per cent to 2.1 per cent between 1973-1995 and 1995-2007.
While differences in the timing of business cycleshim United States and
the European Union may have some effect on this conopatisey do not
explain these divergent trend growth rates. Another eapitamthat has
been pursued in the literature is the comparative aofathe productivity
paradox, that is, the smaller productivity gains from rieehnologies,
notably information and communication technology (ICT), and inti@va
in Europe relative to the United States. The explanatiams heen studied
in detail elsewhere (Gordon, 2004; Timmer and van Ark, 2005).

This paper places the American-European productivity dogran a
historical perspective. The slower labour productivitgvgh rates in Eu-
rope compared to the United States since 1995 reverse tetomgattern
of convergence. This article first reviews the growtd productivity per-
formance in Europe since 1950, considering three periods oldzadtby
different drivers of productivity. In the period 1950-1973, Euampe
growth was characterized by a traditional catch-up pathased on the
imitation and adaptation of foreign technology, coupled wittong in-
vestment and supporting institutions. However, the traditigustwar
convergence process came to an end by the mid 1970’s (GrdfiBoai-

olo, 1996; Eichengreen, 2007). Then, output and labour productivity
growth in both Europe and the United States began to slom dowhe
period from 1973 to 1995. However, while the gap in output (and average
per capita income) growth rates narrowed between tberégions, Eu-
rope’s productivity growth remained much faster than thahe United
States. During this time period, Europe experiencedangtdecline in
labour force participation and a fall in hours worked chihiin turn, trig-
gered a substitution of capital for labour bringing capéhbur ratios in
some major European economies to levels well above thdbe afnited
States by the mid 1990’s. US labour productivity growth accelérfabm
1995 until around 2004, after which it began to slow down, whereas the
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rate of productivity growth in Europe fell throughout theiger with the
exception of two brief positive spells during the pedkthe business cy-

cle at the end of the 1990’s and around 2006-2007. Finally, during the
Great Recession in 2008/2009, the labour productivity growth rates i
Europe and the US rapidly diverged, as the US saw a piokuoductivi-

ty growth as the labour market shrunk well beyond that irEtl@pean
Union. Therefore, the EU saw a decline in productivity pelrtd the con-
traction of the economy.

In Section 2 of the article, we focus on the European @r@xperi-
ence, especially in the period from 1995 to 2007, using a newedaited
database called the EU-KLEMS Growth and Productivitychets. The
level of detail in this database makes a discussiomofer of develop-
ments during this period possible: changes in pattefrsaital-labour
substitution; the increasing importance of investment in mddion and
communications technology; the use of more high-skilled laktbe dif-
ferent dynamics across sectors, like those producing iafavm and
communications technology, or manufacturing and services moezate
ly; and the diversity of productivity experience acrtiss countries of
Europe.

We show that the slowdown in Europe since the mid-199Qisisly
attributable to the slower emergence of the knowledge ecoasnopm-
pared to the United States. In Section 3, we consid#ugexplanations
which are not mutually exclusive: for example, lower groeghtributions
from investment in information and communication technologiurope,
the relatively small share of technology-producing indusirieEurope,
and slower multifactor productivity growth (which can bewed as a
proxy for advances in technology and innovation). Underlyincetbapla-
nations are issues related to the functioning of E@opabour markets
and the high level of product market regulation in Eurdpes article
emphasizes the key role of market service sectorgdnuating for the
divergence in productivity growth between the two oegi (see also
Inklaar et al., 2008).

Finally, in the concluding section, we look at some of thecpainpli-
cations for Europe to strengthen its productivity gropghformance. The
slowing growth and faltering emergence of the knowledge economy in
Europe since the mid-1990’s have led to an ambitious aptiogram of
the European Commission, called the “Lisbon Agenda”, whiak exe-
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cuted during the first decade of the 21st century. Its gaaltey make Eu-
rope by 2010 “the most competitive and dynamic knowledge-based eco
omy in the world.” In 2010, this program was succeeded byvagnewth
strategy “Europe 2020” to become a smart, sustainable aludiire econ-
omy. Both strategies have been focused on the importarerembyment
growth, innovation, especially through ambitious targets feearch and
development, as well as a focus on environmentally friendiytiy strate-
gies. Unfortunately, neither strategy has so far ladreversal of Europe’s
downward productivity trend.

Although we do not believe that there is one silver bubetevive
growth, we argue that the future for European produgtigiowth will
strongly depend on the performance of its services sectomatians of
Europe also need to find their own ways of adjustinthéoopportunities
and dislocations of the new information and communicatiecisnologies.
Thus, within the broader growth and competitiveness agersl@mpha-
size greater labour mobility and flexibility in servia®guct markets with-
in and across countries as being especially important.

1. European productivity: 1950-2009

Europe’s growth performance relative to that of thetéthiStates since
1950 can be usefully divided into three periods: 1950-1973, 1973-1995,
and 1995-2007. The comparative European experience in GDP jter cap
and in GDP per hour is illustrated in Figure 1. The measareesompared
relative to the US levels and are adjusted for difiees in relative price
levels using the GDP-based purchasing power parities for 2065 the
OECD. We also added the latest years for which detaavailable, 2008
and 2009, on the basis of provisional national accounts estimates.

1.1 European catch-up: 1950-1973

During the first period, from 1950 to 1973, rapid labour productivity
growth in the European Union went together with catchipgn terms of
per capita income levels with the United States. Hasons for this dual
catching-up process during the 1950’s and 1960’s have beeniestgns
discussed in the literature and can broadly be dividedthree groups:
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technology imitation, new institutions, and business govemand man-
agement models (for example, Boltho, 1982; Chandler, 1990; Crafts a
Toniolo, 1996; Eichengreen, 2007).

Imitation of technology and incremental innovation allowedogean
countries to speed up growth and productivity quite ragdalgwing the
Depression of the 1930’s and the devastation of Europe’s egesaolor-
ing World War Il. Many European countries could draw uftair legacy
as industrializing nations during the nineteenth and early twientéttury.
Compared to other parts of the world, Europe after Wavar Il already
had a relatively well-educated population and a strong setstifutions
for generating human capital and financial wealth, whitdwad a rapid
recovery of investment and absorption of new technologies dedelope
elsewhere, notably in the United States.

Figure 1. Total economy GDP per hour worked and GDP  per capita in EU-15, 1960-
20009 (relative to the United States)
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Source: The Conference Board Total Economy Database, January 2011, http:/AMww.conference-
board.org/data/economydatabase/.

Notes: EU-15 refers to the 15 countries constituting the European Union before 2004 and includes Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden,
and the United Kingdom. The EU has expanded to include ten new member states mainly in Central and Eastern
Europe in 2004 and another two in 2007; the new members are not included here. Relative levels are based on
purchasing power parities for GDP for 2005 from the OECD.

This process was strengthened by the emergence of a new sétwf ins
tions in the area of wage bargaining (Eichengreen, 2007). Althimegée
were important differences between countries, essgntiadise arrange-
ments involved limiting wage demands in exchange for &l ragleploy-
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ment of profits for investment. Through this arrangemeehnsensus was
developed between workers and capitalists that benefitbdpbaductivity
and per capita income. In addition, European capital nsmfagoured the
emergence of large “national champion” companies whitheasame time
(notably in Germany) supporting a strong system of smad- raedium-
sized enterprises. In several northwestern Europeartrizsjrthe educa-
tion system tended to emphasize technical and vocatiomaihtraThese
characteristics of European institutions largely lastetll the end of the
1960’s, after which labour markets became increasingly tigating to
substantially higher wage demands.

1.2 The productivity slowdown: 1973-1995

The “golden age” of post-World War Il growth came toend rather ab-
ruptly in the early 1970’s, followed by a period of significantigwneer
growth lasting almost two decades on both continents (daxld1987).
Table 1 shows that while US GDP growth slowed down from 8rent
on average per year in the period 1950-1973 to 2.9 per cent inrtbd pe
1973-1995, EU-15 growth slowed down substantially more from 4.9 per
cent in the period 1950-1973 to only 2.2 per cent in the period 1973-1995.
However, average growth rates of per capita income betweetrttied
States and the EU-15 became quite similar at 1.8 per cenhé EU) and
1.9 per cent (for the US) between 1973 and 1995. Further detatitse on
growth slowdown during this period are provided by Craftd Toniolo
(1996), Baily and Kirkegaard (2004) and Eichengreen (2007).

Looking back at Figure 1, one striking observation is thaileaper
capita income in Europe hovered around between 70 to 80 peofdie
US level between 1973 and 1995, the labour productivity gap between
Europe and the United States continued to narrow. Indeedgevannual
labour productivity growth in the EU-15 was still moranhtwice as fast
as in the United States, at 2.7 per cent in the EU-15stdal® per cent in
the United States from 1973 to 1995. Thus, the labour productiajy g
virtually closed from more than 30 percentage points in 187&hly 7.5
percentage points in 1995, as shown in Table 2. In some European
tries, including Belgium, France, Germany, and the Netherl&®, per
hour worked was even higher than the US level in 1995. lodeurthe
combination of an unchanged gap in per capita income aratrawing
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gap in labour productivity was related — by accounting itfestto a de-
cline in labour force participation rates and a fallworking hours per
person employed. Working hours per capita in the European doiom
tries declined from more than 10 per cent above the W ile 1973 to 84
per cent of the US level by 1995, as shown in Table 2.

Table 1. Average annual growth rates of GDP, GDP pe r capita, and GDP per hour
worked, EU-15 and United States, 1950-2007 (in per cent)

GDP GDP per capita  GDP per hour worked

1950-1973

EU-15 4.9 4.2 4.9
us 3.9 25 2.6
1973-1995

EU-15 2.2 1.9 2.7
us 2.9 1.8 1.3
1995-2007

EU-15 24 2.0 15
us 3.2 2.1 2.1

Source: Calculations based on The Conference Board Total Economy Database, January 2011, at
http://www.conference-board.org/data/economydatabase/.

Note: See Figure 1. The growth rates are presented as differences in the log of the levels of each variable instead of a
percentage change in the actual level in order to facilitate aggregation to regional averages and a decomposition of
growth sources.

A substantial literature has explored why Europe’s lalmanket insti-
tutions have led to less work, in particular during pegiod 1973-1995.
Blanchard (2004) stresses how the trade-off betweenrpnefes for lei-
sure and work developed differently in Europe and the JiStates. Pres-
cott (2004) estimates that income taxes account for viytalllthe differ-
ence in labour participation rates across European countrié®lINI997)
shows that besides high payroll taxes, other labour maagets, such as
generous unemployment benefits, poor educational standards ladtthe
tom, and high unionization with little coordination also péayimportant
role in accounting for Europe’s rise in unemployment sitlee mid
1970’s. Europe’s welfare state rapidly expanded in the $9¢@using an
increase in labour cost, a strong bias towards insidéhgilabour market,
and an increase in structural unemployment, in partieutsong youth and
elderly workers.

One result of Europe’s slowing growth in labour input wasmd in-
crease in capital intensity, as the rise in wages supportedhgtstion of
capital for labour. Table 2 shows that Europe’s capital sfwak hour
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worked was at 75 per cent of the US level in 1973, but it slightly
ahead of the US level by 1995. Some European countries had a substantial
ly higher capital stock per hour worked than the US in 1988uding
Austria, Belgium, Finland, France, Germany, and the Netherlaksla
result, the high labour productivity levels in the Eurepémion by the
mid 1990’s should be interpreted with caution. Economists draistinc-
tion between labour productivity, which can be measuredy @er hour
worked, and multifactor productivity, which relates e tevel of output
after accounting for labour as well as capital inputswisbe argued in
more detail below, even though Europe experienced avediatstrong
growth in labour productivity, the growth in multifactproductivity was
much lower. This indicates that Europe’s higher labour prodtyct
growth during this period may not have been so much thet i&fschtch-
up, access to superior technology, or even faster innovatiorgabube
largely attributable to accumulated labour market rigidities

Table 2. Levels of EU-15 relative to the United Sta tes, 1950-2007 (in per cent)

1950 1973 1995 2007
GDP per capita 51.5 75.4 77.1 76.2
Hours worked per capita 126.2 110.9 83.5 88.1
GDP per hour worked 40.8 68.0 92.4 86.6
Capital input per hour worked* 75.3 103.6 103.0

Source: Calculations based on The Conference Board Total Economy Database, January 2011, at
http://www.conference-board.org/data/economydatabase/

Note: Output and capital levels are converted by GDP purchasing power parities for 2005. * Measured as capital stock
per hour worked.

1.3 Europe’s falling behind: 1995-2007

Since the mid 1990’s, there has been a dramatic change pattieens of
productivity growth in Europe and the United States. InUhied States,
average annual labour productivity growth accelerated fronpdr.3ent
during the period 1973-1995 to 2.1 per cent during 1995-2007. Comparing
the same two time periods, annual labour productivity grinvthe Euro-
pean Union declined from 2.7 to 1.5 per cent. By 2007, GDP per hour
worked in the EU was more than 10 percentage points baows level,
while the capital intensity levels remained relativilgh, above the US
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levels, suggesting that the adjustment productivity was wnaimde
through a slowdown in multifactor productivity growth (Table 2).

The slowdown in labour productivity may be related to thedrapi
growth in labour input in many European countries. Durindatee1980’s
and 1990’s, several European countries introduced labour mafkemns
and instigated active labour market interventions to Hong-term unem-
ployed people to work and raise the participation réke slowdown in
labour productivity growth and the decline in relative agittensity in
Europe since 1995 suggest the possibility that just as liraitgdoyment
growth accompanied higher labour productivity in Europe in 18@3-
1995 period, that pattern might have reversed itself imibre recent time
period (Gordon, 2004). While in the short run, labour productivityvth
might decline due to the dampening of real wage growthtl@donse-
guent reduction in the rate of substitution of capitaldbiour, it is unlike-
ly that the elasticity of labour input on productivity woddd large in the
medium and long term. According to Blanchard (2004), an empldymen
productivity trade-off would only exist under the assumptibrstagnant
output growth, which is an unlikely assumption for the medand long
run. Indeed, despite slowing productivity growth, the Europeaiorihas
not experienced a slowdown in GDP growth since 1995. A relatpd a
ment that has been suggested for the productivity slowdovatishe rise
in employment has raised the share of low-skilled workerhe work-
force. However, there are no signs of a slowdown in tHelskel of the
labour force in Europe. On the contrary, the average Iskil of the em-
ployed labour force has continued to improve since thel®8d's. Thus,
the labour market is unlikely to be the only or evenrtizén explanation
for the slowdown in productivity growth.

When put into a comparative perspective, the productivitycbwn in
Europe is all the more disappointing as US productivity gndvas accel-
erated since the mid 1990’s. The causes of the strong U Sctidtyure-
surgence have been extensively discussed (see, for exalophenson et
al., 2008). In the mid 1990’s, there was a burst of higher productivity
industries producing information and communications technologip-equ
ment, and a capital-deepening effect from investing in irdition and
communications technology assets across the economy. In hase t
changes were driven by the rapid pace of innovation inrrdton and
communications technologies, fuelled by the precipitous amtirzing
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fall in semiconductor prices. With some delay, arguablytdube neces-
sary changes in production processes and organizatiometicps, there
was also a multifactor productivity surge in industriesng these new
information and communications technologies — in particulamarket

services industries (Triplett and Bosworth, 2006).

In Europe, the advent of the knowledge economy has been slioaer s
the mid 1990s. In the next section, we exploit the EU-KLEM&lthse on
industry-level growth accounts to develop a better view of imputs and
productivity have contributed to the change in the growtfopmance of
European countries since 1995, in particular in comparisdntidgt United
States.

1.4 Divergence during the Great Recession: 2007-2009

In 2008/2009, advanced economies were hit by the deepest recéssion s
the 1930’s. In 2008, GDP growth in the EU-15 slowed to 0.3 perareht
then fell dramatically te-4.3 per cent in 2009. The United States experi-
enced a standstill in GDP growth in 2008, but contracteddegerely than
the EU-15, at-2.6 per cent, in 2009 (Table 3). Traditionally, productivity
is pro-cyclical, which implies that in a downturn, labquoductivity
growth slows down or even declines since initially, ottgowth slips
more than employment growth. Businesses typically hold tiin staff
(labour hoarding) and equipment at least for a whilget® how the econ-
omy will develop before laying off people or scrapping machiAefust-
ments are usually made through lowering the capacityatiitin and re-
ducing the working hours of staff.

This typical pattern of pro-cyclicality in labour prodwdly can be ob-
served for Europe’s performance during the recessionETh&5 showed
an average slowdown in labour productivity growth-0f7 per cent from
2007-2009. The US, however, showed an atypical increase in proguctivi
of 3.2 per cent per year over the same period. As the tewdopis US re-
cessions in 1990/1991 and 2001/2002 also exhibited counter-cyclicality
going into the recession, various explanations have beefoquard for
the change in the relationship among output, productivity, and employment
in the US. These range from labour-market-based explangpioinsing at
increased flexibility in hiring and firing, technology-basedlanations
pointing at the role of ICT in continuing productivity inaees during
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recessions, and explanations related to financial markennfives and
executive compensation. The latter may have stimulated-t&nor gains
in performance relative to a long-term erosion in the ssunf growth
available to US companies.

Table 3. Growth rates of GDP, GDP per capita, total  hours worked and GDP per
hour worked, EU-15 and the United States, 2007-2009 (in per cent)

GDP GDP per Total hours GDP per
capita worked hour
worked

2007

EU-15 2.8 2.3 1.6 11
us 1.9 0.9 1.0 1.0
2008

EU-15 0.3 -0.2 0.4 -0.1
us 0.0 -0.9 -0.8 0.8
2009

EU-15 -4.3 -4.6 -3.0 -1.3
us -2.6 -3.5 -5.0 25
2007-09

EU-15 -2.0 -2.4 -1.3 -0.7
us -1.3 -2.2 -2.9 1.6

Source: Calculations based on The Conference Board Total Economy Database, January 2011, at
http://www.conference-board.org/data/economydatabase/.

While there may be no unique explanation for the continubduta
productivity growth in the US vis-a-vis the typical prgelicality in the
European Union during the recession, it should also be pomitethat
European countries did not show a unique pattern of prodyctjxdwth
amongst themselves. For example, in Germany, labour productigighgr
declined by 2.4 per cent from 2007 to 2009, as the government and busi
nesses chose to use short-time working schemes andirattraments to
dampen the threat of large layoffs. The total hours woike@ermany
therefore only fell by 1.4 per cent per year. In contresiSpain, large
structural labour market problems led to massive layoffgaiticular of
temporary and migrant employees in tourism, constructioragridulture,
causing a drop in hours worked of 6.3 per cent per year from 2007 to 2009,
but a productivity improvement of 3.3 per cent.

Clearly there is no silver bullet to deal with productivigues during
recessions and, ultimately, the long-term strength of the econtroituse
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of an economy, as measured by its industry composition andesoaf
growth determines its long-term growth potential.

2. Growth accounting for Europe and the United States

To assess the contribution of various inputs to GDP drowe apply the
neoclassical growth accounting framework pioneered by SA8%7) and
further developed by Jorgenson and associates (Jorgendd@réiches,
1967; Jorgenson et al. 1987). Using this framework, measurestuifit
growth can be decomposed into the contributions of inputgithlictivi-
ty within a consistent accounting framework. This approaltbws re-
searchers to assess the relative importance of labouralcapid interme-
diate inputs to growth, and to derive measures of multifgmtoductivity
growth. The output contribution of an input is measured éygtbwth rate
of the input, weighted by the income shares of that inputetneloclassi-
cal assumptions, the income shares reflect the outpuicitjasif each
input and, assuming constant returns to scale, they sum t@traeortion
of output growth not attributable to inputs is the multifagbroductivity
residual. Multifactor productivity indicates the efficienajth which in-
puts are being used in the production process, and includes pure agehnol
ical change, along with changes in returns to scale angik-ups. Multi-
factor productivity, as a residual measure, also includeasurement er-
rors and the effects from unmeasured output and inputs, suesessch
and development and other intangible investments, including inedim-
al improvements (Corrado et al. 2009; van Ark et al., 2009).

Our growth decompositions are based on the November 2009a eita
the EU-KLEMS database. This database provides harmonisagunes of
output growth, productivity, employment creation, and capitah&tion at
a detailed industry level for European Union membeestatapan, and the
United States from 1980 to 2007. In particular, this databasaiesnt
unique industry-level measures of the skill distributadrthe work force
and a detailed asset decomposition of investment in physpéihl. La-
bour input reflects changes in hours worked, but also chandebdor
composition in terms of age, gender, and educational qualifisatiosr
time. Physical capital is decomposed into six asset césgaf which
three are information and communications capital — inotyéaformation
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technology hardware, communication equipment, and software —raed th
are capital that does not involve information and communicatiechnol-
ogy — machinery and equipment, transport equipment, and nontésiden
structures. Residential capital, which does not contributproductivity
gains in any direct way, is excluded from the analysis.

The EU-KLEMS database makes it possible to compare and artadyse t
contribution of high-skilled labour and information and commuioca
technology capital for labour productivity growth at an indumel be-
tween countries. In this chapter, our focus is on the ebhagkonomy,
which means that we exclude health and education servisaselhas
public administration and defence from the analysis beldig exclusion
implies a faster acceleration of output growth in both Eluropean Union
and the United States since 1995 than for the total ecorgpoyted in the
previous section, but the difference in the pace oflat®on between the
two regions does not change. Moreover, in the remainderisofiitcus-
sion, the European Union only includes 10 countries, excludingc&re
Ireland, Luxembourg, Portugal, and Sweden from the oridgth&il5, be-
cause no industry-level accounts going back to 1980 wereabhaifor
these five countries.

Table 4 provides a summary of the growth contributions dbfao-
puts and multifactor productivity to labour productivity gtbvin the mar-
ket economy in the ten European Union countries and ibJtited States
for the periods 1980-1995 and 1995-2007. When comparing the period
before and after 1995, the annual growth rate of output ifEtihepean
Union accelerates, and the growth differential relativihéoUnited States
drops from 1.2 percentage points (2.1 per cent in Europe versymr3.3
cent in the United States) to 1.0 percentage point (2.5 pelirc&urope
versus 3.5 per cent in the United States). As describ#febiprevious sec-
tion, total hours worked in the European Union grew rapaftigr 1995, to
some extent making up for the shortfall in the earlieiogedn contrast,
the growth in total hours worked slowed down substanptialthe United
States — in particular after 2000 — even though the averagehgratetin
hours was comparable to that of the European Union betweer208395
As a result, labour productivity growth in the US markebreemy in-
creased significantly as compared to a large slowdowBuiope after
1995.
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Table 4 shows that changes in labour composition contributed 0.2-0.3
percentage points to labour productivity growth botlthien European Un-
ion and the United States during this entire time peiivén though this
contribution is small, its positive sign implies that fitecess of transfor-
mation of the labour force to higher skills has proceededumhly equal
rates in Europe and the United States, thus confirmingbibveaobserva-
tion that Europe has not raised its share of low-gkirkers. Instead, the
upward trend in the skill-content of the employees showtsrhacomers
on the labour market have on average had more schoolinghthaxisting
labour force.

Concerning the total contribution of capital deepening to lapmduc-
tivity growth, measured by capital services per houhl§& shows some-
what larger differences between the European Union andrilted States
as compared to labour composition. The contribution of cagiitepening
declined in Europe while rising in the United Statesveen the two time
periods. The growth contribution of information and communications
technology (ICT) capital per working hour has been loweEurope than
in the United States and, since 1995, it has acceleratex stoovly (Tim-
mer and van Ark, 2005). This slower uptake in deepening of ICT céagpital
in part, related to the overall decline in capital-lab@iios across Europe
since the mid 1990’s, as there has been a rapid growthrop&an em-
ployment.

The largest difference between the European Union amdJtiited
States shown in Table 4 is in the contribution of multifagtmductivity
growth. Whereas multifactor productivity growth in the @ditStates ac-
celerated by half a percentage point from 0.7 per cet®89-1995 to 1.2
per cent in 1995-2007, it fell by the same degree from 1.1 to 0.6epér
between these two periods in the European Union. Asidus measure,
multifactor productivity has multiple interpretations, batsome way, it
does reflect the overall efficiency of the production practis reduced
growth rate is therefore a major source of concern across Europe

It should be stressed that the growth differential betmtee EU and
the US was especially large between 1995 and 2004. The differlesces
came significantly smaller after 2004 when Europe sawgatsliccelera-
tion in multifactor productivity growth in the market economy from per
cent (in 1995-2004) to 1.2 per cent (in 2004-2007) due to a cychedd, p
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whereas US MFP growth began to slow from 1.4 per ce@tdtger cent
between the two periods.

Table 4. Contributions to growth of real output in the market economy, European
Union and the United States, 1980-2007 (annual aver age growth rates, in percent-
age points)

European Union* United States**
1980- 1995- 1980- 1995-
1995 2007 1995 2007
1. Growth rate of market economy output 21 25 3.3 35
2. Hours worked -0.5 0.8 13 0.9
3. Labour productivity 25 1.6 2.0 2.6
Contributions from
4. Labour composition 0.3 0.2 0.2 0.3
5. Capital services per hour 1.2 0.9 1.0 1.2
6. ICT capital per hour 0.4 0.5 0.7 0.9
7. Non-ICT capital per hour 0.8 0.4 0.3 0.3
8. Multifactor productivity 11 0.6 0.7 1.2

Contribution of the knowledge economy to labour productivity growth
(H+(6)+(8)
1.8 1.3 1.7 2.4

Source: EU-KLEMS database, November 2009; see O’Mahony and Timmer (2009).

Note: * excludes 5 member states of EU-15: Greece, Ireland, Luxembourg, Portugal and Sweden; Data for the Europe-
an Union refers to ten countries: Austria, Belgium, Denmark, Finland, France, Germany, Italy, the Netherlands, Spain,
and the United Kingdom. ** based on US old standard industrial classification. “ICT" is information and communica-
tions technology.

When looking at the growth accounts from the perspective of the
emerging knowledge economy, one might focus on the summed contribu-
tions of three factors: direct effects of investmeimtsinformation and
communication technology; changes in the labour composition mostly
driven by a greater demand for skilled workers; and multfgatoductivi-
ty growth. MFP growth might — as indicated above — incthéeimpact of
intangible investments such as organizational chantgeddo the use of
information technology. Table 4 shows that the combined coritsiboff
these three factors to labour productivity growth decliogd.5 percent-
age points in Europe between the two time periods, from dr@&ptage
points in 1980-1995 to 1.3 percentage points in 1995-2007. In contrast, in
the US economy, the contribution of these three knowledge ecotmmy
ponents increased from 1.7 percentage points in 1980-1995 to 2.Atperce
age points in 1995-2007.
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There is a large variation in labour productivity growtiross Europe-
an countries. Similar to the rows in Table 4, the fidtimn of Table 5
shows the growth rate of output for 10 European countriestbeet995-
2007 time period. The second and third columns divide that growt
output into changes in hours worked and changes in outputopey or
labour productivity. Columns 4-7 divide the growth in laborgdoictivity
into the contributions from four factors: changes in labmmposition;
investments in information and communication technology capmtakr
types of physical capital; and multifactor productivity.

One key observation to be drawn from this table istti@main differ-
ence in labour productivity growth between individual Eeap econo-
mies and the United States is to be found in multifactor proditycthot in
differences in the intensity of the production factors. éuflehe bottom
row shows that the standard deviation for multifactadprctivity growth
across the set of countries is by far the largest, rarfiging—0.6 per cent
in Spain to + 2.8 per cent in Finland. By way of illustma, the difference
in the contribution of capital deepening in information and roomica-
tions technologies between a high investor like the UniteteSand a low
investor like Italy explains 0.5 percentage points of a lalpooductivity
growth difference of 2 percentage points between thosectwntries dur-
ing 1995-2007. The remaining 1.5 percentage point difference ise(mo
than) accounted for by the differences in multifactardpctivity growth.
Differences in multifactor productivity also seem to éaliven the diver-
gence in labour productivity between European countries. digil@n,
multifactor productivity growth has been close to zero qant per year
and in Denmark, Italy, and Spain, it is even negatively Ginland ex-
ceeds the US growth rate of multifactor growth in therkat economy,
and Finland is a special case that will be discussedore detail in the
next section.

How should we explain the large differences in multdagroductivity
growth across countries? In the next section, a divisidheofmarket econ-
omy measures by industry focuses the attention on the parfoenof the
market services sector.



Table 5. Contributions to growth of real output in
growth rates, in percentage points)

the market economy, EU economies and the United Sta

tes, 1995-2007 (annual average

Growth Output contribution from Labour productivity contributions from Labour produc-
rate of Hours Labour Labour compo-  ICT capital per Non-ICT MFP tivity contribu-
output worked productivity sition hour capital growth tion of the
per hour knowledge
economy
1=2+3 2 3=4+5+6+7 4 5 6 7 4+5+7
Austria 2.8 0.6 2.2 0.1 0.5 0.0 1.5 2.2
Belgium 25 0.8 1.7 0.2 0.9 0.4 0.1 1.3
Denmark 2.3 1.3 1.0 0.1 1.0 0.1 -0.1 0.9
Finland 4.6 1.3 33 0.1 0.5 -0.1 2.8 35
France 25 0.5 2.0 0.3 0.3 0.4 0.9 1.6
Germany 1.4 -0.3 1.7 0.0 0.5 0.5 0.7 1.2
Italy* 1.5 1.1 0.4 0.1 0.2 0.4 -0.4 0.0
Netherlands 3.1 1.0 2.1 0.4 0.5 0.0 1.1 2.0
Spain 3.7 3.0 0.6 0.4 0.4 0.5 -0.6 0.1
United Kingdom 3.2 0.6 2.6 0.4 0.8 0.4 1.0 2.2
European Union** 25 0.8 1.6 0.2 0.5 0.4 0.6 1.3
United States*** 35 0.9 2.6 0.3 0.9 0.3 1.2 2.4
standard deviation**** 0.9 0.8 0.9 0.1 0.3 0.2 1.0 1.0

Source: Calculations based on the EU-KLEMS database, November 2009; see O’'Mahony and Timmer (2009).

Note: “ICT” is information and communications technology. “MFP” is multifactor productivity. * Data for Italy excludes agriculture and private households. ** Data for the European Union excludes five
member states of EU-15: Greece, Ireland, Luxembourg, Portugal and the numbers may not sum exactly due to rounding. *** based on old standard industrial classification for the United States ****

Standard deviation for EU countries and the United States.
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3. Structural change and sectoral productivity growth

During the postwar period, Europe has experienced a laifj@fsproduc-
tion and employment from manufacturing and other goods-producing in
dustries (such as agriculture and mining) towards sesvidarket services
include a wide variety of activities, ranging from trade &athsportation
services, to financial and business services, and alsts,hastaurants,
and personal services. Over the period 1980-2007, the share of labour input
going to manufacturing has typically declined by one-third arermo most
countries. Market services now account for almost hali@inarket econ-
omy employment in all countries and the share of total labouwsgning
to market services is not much lower in Europe thanentthited States.
While there are differences across European countues,ia Germany, a
country in which manufacturing traditionally plays an imipat role, the
number of hours worked in market services is now more 2¥@animes
larger than in manufacturing.

The growing importance of market services is the resfudt number of
interacting forces (Schettkatt and Yocarini, 2006). A higber capita
income leads to a higher demand for services. Thersdsaa increasing
marketization of traditional household production actisitiencluding
services like dining outside the home, cleaning, and caigas®. Final-
ly, many manufacturing firms are outsourcing service-relatglities,
including business services, trade, and transport activitibéstever the
underlying causes of the shift from manufacturing to sesyitehas im-
portant implications for productivity growth. Traditiohalmanufacturing
activities have been regarded as the locus of innovatidriechnological
change and thus, being the central source of productivasytgr For ex-
ample, more productive manufacturing was the key to pastdNVvar I
growth in Europe through a combination of economies of scapitata
intensification, and incremental innovation. More recentlpjdraechno-
logical change in computer and semiconductor manufacturingisgly
reinforces the predominance of innovation in the manufagiigéctor. In
contrast, the increasing weight of services in output was thdaagtiow
aggregate productivity growth. Baumol (1967) called this'tiost disease
of the service sector.” The diagnosis of the disease sithaé productivity
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improvements in services are less likely than in goods-produtihugtries
because most services are inherently labour-intensive, maklifficilt to
substitute capital for labour in service industries. éltigh Baumol origi-
nally mainly referred to services activities like eatilon, health, and pub-

lic services, it was widely believed to hold for manlestservices sectors
as well. This hypothesis has recently been disputed ititémature (for
example, Triplett and Bosworth, 2006) and, as the followiisgudsion
will show, cannot be supported by the evidence from the EU-KLEMS data

Table 6. Major sector contribution to average annua | labour productivity growth in
the market economy, 1995-2007 (annual average growt h rates, in percentage
points)

Market econ- Contributions from
omy ICT Goods Market Reallocation*

1=2+3+4+5  production production services
2 3 4 5
Austria 2.2 0.3 1.7 0.2 -0.1
Belgium 1.7 0.3 0.9 0.6 -0.1
Denmark 1.0 0.3 0.4 0.4 -0.1
Finland 3.3 1.7 1.3 0.5 -0.1
France 2.0 0.4 0.8 0.7 0.0
Germany 1.7 0.5 0.9 0.4 0.0
Italy 0.4 0.2 0.2 0.0 -0.1
Netherlands 2.1 0.4 0.6 1.2 -0.2
Spain 0.6 0.1 0.2 0.3 -0.1
UK 2.6 0.5 0.7 1.6 -0.2
EU** 1.6 0.4 0.7 0.6 -0.2
USH*=* 2.6 0.8 0.3 1.8 -0.2

Source: Calculations based on EU-KLEMS database, November 2009; see O'Mahony and Timmer (2009).

Note: The reallocation effect in the last column refers to labour productivity effects of reallocations of labour between
sectors. The European Union aggregate refers to ten countries in the table. Information and communications technolo-
gy production includes manufacturing of electrical machinery and post and telecommunications services. Goods
production includes agriculture, mining, manufacturing (excluding electrical machinery), construction, and utilities.
Market services include distribution services; financial and business services, excluding real estate; and personal
services. The numbers may not sum exactly due to rounding.

To evaluate the effect of structural changes on prodtyctirowth, we
need to look at the contributions of individual sectorghi® aggregate
economy. Table 6 shows overall labour productivity growthHerrmarket
economy split into contributions from labour productivity gtiovin the
ICT production sector (including production of electricaaminery and
telecommunication services), goods production (including dgrieu
mining, manufacturing other than electrical machineriities, and con-
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struction), and the market services sector (includindetraotels and res-
taurants, transport services, financial and business egnénd social and
personal services), each weighted by its share of valdeda along with
an adjustment in the final column for the reallocation ofrhidaetween
industries with different productivity growth rates or level

Table 6 shows that slow productivity growth in market sesris not a
universal truth, even among advanced countries with |anmyéce sectors.
First, productivity growth in market services has bewrch faster in the
United States than in Europe. At an average annual labodugiivity
growth rate of 1.2 per cent, market services only contribQté percent-
age points to labour productivity growth in Europe from 1995-2007.
contrast, labour productivity in market services increade310 per cent in
the United States, contributing 1.8 percentage points tghd8uctivity
growth. Second, two countries in Europe — the Netherlandtharidnited
Kingdom — also showed a rapid productivity growth in marketises.
Market services in the United Kingdom contributed almastrraich to
aggregate labour productivity growth as in the United States)ymue to
a strong performance in trade and business services iedusticidental-
ly, market services also appear to exhibit a rapid prodiycgrowth in
other Anglo-Saxon economies, such as Australia and Carddaaflet al.,
2007). In contrast, Italy and Spain show almost zero contoitmitfrom
market services to aggregate labour productivity growtéviBus studies
on the growth differential between Europe and the UnitedeStalso
stressed the differentiating role of market servid@dvighony and van
Ark, 2003; Losch, 2006; Inklaar et al., 2008).

The importance of market services for the productivitywginogap be-
tween Europe and the United States dwarfs the diffesdioceother major
sectors. Even though the United States has a somewhat Biggyer in
ICT—producing sectors, the productivity growth rates in theeszgors are
not dramatically different. As a result, the effect on &lggregate growth
differential is only 0.4 percentage points (0.8 per centénlhited States
as compared to 0.4 per cent in Europe). Goods production feeles
somewhat more important for aggregate productivity growtlzurope
than in the US. The contribution from labour productivity gtoim goods
production in Europe is about the same as that of markétes, despite
the relative size of the former of only one-thirdnadirket services value
added. For example, in France and Germany, manufacturingtrieduike
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machinery and car production are still important sounfegroductivity
growth. In Spain and ltaly, lackluster performance isany due to slow
growth in market services, but also in manufacturingraditional labour-
intensive sectors have faced a particularly tough ehgd#l from increasing
low-wage competition from Eastern Europe and China.

Table 7. Contributions of sectors to average annual labour productivity growth in
market services, 1980-2007 (in percentage points)

European Union* United States**

1980- 1995- 1980- 1995-

1995 2007 1995 2007
Market services labour productivity 14 12 16 30
Contributions from:
Distribution services contribution 11 0.7 1.2 1.3
of which from factor intensity growth 0.4 0.4 0.4 0.5
of which from multifactor productivity growth 0.7 0.3 0.8 0.8
Finance and business services contribution 0.1 0.3 0.0 1.3
of which from factor intensity growth 0.5 0.4 0.8 1.0
of which from multifactor productivity growth 04 01 08 0.3
Personal services contribution -0.1 -0.1 0.2 0.2
of which from factor intensity growth 0.1 0.1 0.1 0.1
of which from multifactor productivity growth 02 02 01 01
Contribution from labour reallocation 0.3 0.2 0.2 0.2

Source: Calculations based on EU-KLEMS database, November 2009; see O'Mahony and Timmer, 2009).

Note: European Union aggregate refers to 10 countries, as listed in Table 5. Factor intensity relates to the total contri-
bution from changes in labour composition and in capital deepening of information and communications technology
(ICT) and non-information and communications technology (non-ICT) assets. The reallocation effect refers to the
impact of changes in the distribution of labour input between industries on labour productivity growth in market services.
The numbers may not add up due to rounding.

A more in-depth focus on market services reveals thagseAtlantic
growth differences were especially large in distilmitrade and financial
and business services. In Table 7, we focus on the contribatithmee
major groups of market services industries — namely lgigivie trade
(including retail and wholesale trade, and transport sesy; financial and
business services; and personal services (including temdlsestaurants,
and personal, community, and social services) — to labour pratuc
growth in aggregate market services. In Europe, the distibsector
contributed 0.7 percentage points to average annual labodugivity
growth in market services from 1995 to 2007, as compared to tcénpe
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age points in the United States. In finance and bussersices, the gap
was even bigger, at a 0.3 percentage point contribution in Euetgiere
to 1.3 percentage points in the United States. Drilling rdeeply into the
data, it turns out that for both sectors, multifactovdorctivity, and not
factor intensity, was the key to the productivity growdifferential be-
tween Europe and the United States. Differences in ‘factensity”,
which include the total contribution from changes in labamposition
and deepening of all types of capital, appear very small. ThenfyielliUS
multifactor productivity growth from trade, finance, angibass services
is confirmed in studies by Jorgenson et al. (2005) andettriphd Bos-
worth (2006).

Recently, the release of a comprehensive revision of the B0Ondus-
try data for the United States by the Bureau of Ecandmalysis has led
to significant changes in the output estimates for thiteld States, espe-
cially in the services sector. This raises the question whétheroductiv-
ity advantage for services will still be observed in ldtest data. A com-
parison of the data suggests that the revision of laboduptivity growth
rates for all market services, taken together, is sfoalthe past decade,
that is, 2.8 per cent pre-revision as compared to 2.6 petpostitevision
from 1998-2007 (EU KLEMS, November 2009; BEA, 2010). However,
for some industries, the adjustments are larger, espeédmlithe retail
industry which is an important driver of the US produtfiadvantage.
Moreover, it is generally well known that measuremenblgrs in the
finance and insurance sectors could possibly affecpithe@uctivity com-
parisons for that sector as well. Therefore, we aralye dynamics of the
productivity story for those two industries in more detaibive

3.1 The productivity dynamics of the retail sector

Because multifactor productivity growth represents aitadi of factors
which are not explicitly measured in a growth accourdasnéwork, it is
useful to look at what might lie behind this growth. Véhihe factors may
differ across sectors, the example of the retail seotyr serve as an illus-
tration of the complex interactions among productivity, invesit, and
regulations. Over the past 25 years, the retail seceouhdergone a sub-
stantial transformation due to benefits from the increased of infor-
mation and communications technology, commonly referred to as the “lean
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retailing system” (Abernathy et al., 1999). The retail inqubtats changed
from a low-tech industry where workers mainly shift bokesn the pro-
ducer to the consumer depending on availability in stock,antindustry
whose main activity is trading information by matching gineduction of
goods and services to customer demand on a continuous basiisVa
studies, including McKinsey Global Institute (2002), Baily #&idkegaard
(2004), Gordon (2004), and McGuckin et al. (2005), have discubsed t
reasons for superior performance in the US retail inguslative to Eu-
rope.

While there is significant evidence of a faster rise i t@pital in the
US retail sector as compared to Europe, the productimipact of the
greater use of barcode scanners, communication equipment, oiryvent
tracking devices, transaction processing software, andasiequipment
may be understated when solely focusing on the contribution of investment
as directly measured in growth accounts. The use ofdlS® provides
indirect benefits for growth as measured by multifactmdpctivity by
increasing the potential for other kinds of innovationeSéhinnovation
effects should in part be realized through “softer” innovetj such as the
invention of new retail formats, service protocols, labotredaling sys-
tems, and optimized marketing campaigns (McKinsey Globstiture,
2002).

Others have emphasized the role of “big box” formats, ast motably
exemplified by the emergence of Wal-Mart, as the engineanfugtivity
growth in US retailing (Basker, 2007). From this perspectiugope’s
lagging behind in productivity is due to more restrictiegulations like
store-opening hours; to land zoning and labour markets; awdltiaral
differences that inhibit a rapid increase in the masketre of new large-
scale retail formats. These new large-scale retaitdits have been a main
driver of growth in the United States, both because okasad competi-
tive pressures on incumbent firms and the higher productivity leveswof
entrants (Foster et al., 2006). In addition, deregulation stregm indus-
tries such as trucking in the 1980s was necessary foledime retailing
model to work, because it allowed for more efficient ardpand shipping
schedules.

The recent comprehensive revision of the GDP by industty fibr the
United States has led to a significant downward revisioretail output
growth from 3.7 per cent to 2.3 per cent from 1998 to 2007. As #,resu
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labour productivity has been revised from 4.2 to 1.8 per cemt.nirch

slower growth of retail output is partly (one-third of tto¢al adjustment)
the result of improved source data and partly (theerotwo-thirds) the
result of a methodological improvement, representing a mowkreéctly

measuring the price of retail margins rather than asgymielation to the
sales price. A reclassification of sub-industries betwelolesaling and
retailing may also have played a role as wholesalimogyztivity was re-
vised upward. It would be too early, however, to conclude thaétheth-
odological changes will have altered the picture of the tlyztivity

advantage in retail over Europe. A recent paper by Inldad Timmer
(2008) has provided comparative estimates of productivitthén retail

industry, using various methodologies including the margin approaw

used by the US Bureau of Economic Analysis. Their papewsshbat

irrespective of the methodology applied, the US productaityantage in
the retail sector compared to Europe is maintained.

3.2 The productivity dynamics of the financial services sector

As a result of the financial crisis which started in 200@y¢ have been
largely anecdotal claims that the financial servicestas has perversely
driven US output and productivity growth during the previoasade or
s0. The reasoning has been that a relatively strong eraprasieasuring
the rapid increase in the monetized value of financialungnts, especial-
ly in securities trading, has inflated output and prodigtigrowth. In
practice, however, measured labour productivity growth narftial ser-
vices has been fairly moderate in both the US and Ewbpetween 2.5
and 3 per cent. And while productivity growth accelerate8urope be-
tween 2004-2007, it did not in the United States. Part ofighislated to
the slow growth in insurance output which offset a fastewtir elsewhere
in the financial sector. In fact, MFP growth in finaadcservices has im-
proved in both regions since 2004.

There is considerable empirical evidence that a betteztdped finan-
cial system enhances economic growth. Financial itistitsl can help
select the most profitable investment projects. Howetdheasame time,
a more efficient financial system may not stimulatewgh beyond a cer-
tain level of financial development. In other words, advaresmhomies
may not gain much in terms of growth benefits from aerefficient fi-
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nancial system. Therefore, it remains questionable whethesttheates of
productivity growth in the financial sector correctlgflect the perfor-
mance of the financial sector (Inklaar and Koetter, 2008)e@tistatisti-
cal practices do not seem to be up to the task of atiguaeasuring
output and productivity. Moreover, the measurement practifésr be-
tween European countries and the United States.

A recent study by Inklaar and Wang (2010) shows that US bank output
series in the national accounts is based on a “consemices per
loan/transaction” basis, while in European countries, itsiually based on
a “constant services per euro” basis. When comparing thberushtrans-
actions in deposits in the US with deflated account bataimc&uropean
countries, it seems that European growth in this part of thadasector is
downwardly biased. In contrast, house-price deflated mgetgin the US,
assuming constant services per mortgage loans, suggestnaatal bias
relative to the CPIl-deflated outstanding mortgage lakrin Europe.
However, both activities are only a small part of aggeedaiance and
insurance, and a more comprehensive analysis is needwd bedefinite
judgment on the comparative productivity performance offitencial
sector can be reached.

By the same token, the benefits of financial innovatioroéten called
upon in discussions of regulation in the financial @ediut their quantita-
tive importance is generally unknown. Before we are ablméasure
these factors, there is a greater need for moréyclam what banks and
other financial institutions actually provide: isritostly transaction ser-
vices; or does it also involve other intermediation ises; such as infor-
mation on for example risk profiles, and to what exterieiaring risk a
“productive service”?

4. A policy perspective on European productivity growth

Since the mid 1990’s, the European Union has experienced dostown
productivity growth, at a time when productivity growth time United
States accelerated significantly. The resurgence of pivithagrowth in
the United States appears to have been a combination ofevigls of
investment in rapidly progressing information and commurtoatitech-
nology in the second half of the 1990’s, followed by rapid pradtict
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growth in the market services sector of the economizarfitst half of the
2000’s. Conversely, the productivity slowdown in European camis

largely the result of slower multifactor productivity growthmarket ser-
vices, particularly in trade, finance, and business @esviThis pattern
holds true for Europe as a whole and also for many indivi8ueopean

countries.

If multifactor productivity growth is indeed the mettie maximize, the
main question for government policy is how to improve MFRviiio This
is a surprisingly difficult question to answer. Even thougimyncountries
support actions by institutions to strengthen productivitgmth through
the implementation of practical measures related aoitrg, shopfloor
practices and other organizational innovation, a clerjoroductivity
policy” does not exist. This is due to the fact that praditgtgrowth is an
inherent result of a broad range of macroeconomic and structuicaegol

One complicating factor for Europe is the projected slowdowakiaur
input growth during the 2010-2020 period, which is the result of thie ra
ageing of the population and the limited immigration ofls#ilworkers.
This calls for an even larger emphasis on productivitganing that Eu-
rope needs to find mechanisms to exploit innovations teeehjreater
multifactor productivity growth, especially in services. thtdinately, the
traditional catch-up and convergence model of the 1950’s and 196§'s
not help Europe get back on track. Since Europe had reauhgutdduc-
tivity frontier by the mid 1990’s, it may now require a new niaafénno-
vation and technological change to make better use of argeupwn
innovative capabilities (Acemoglu et al., 2006). Arguably, innovations
services are more difficult to diffuse between firnesnpared to “hard”
technologies based in manufacturing. The greater emphasis canhum
resources, organizational change, and other intangible investrigent
strongly specific to individual firms. Moreover, as the firrteiinalizes
most of the benefits of such changes, the legitimizatiorgé@ernment
support such as research and development and innovation esb&idi
support “technology” transfer in services is limited. Ssxwvactivities also
tend to be less standardized and more customized thaufanturing pro-
duction; they depend strongly on the interaction with theswmer and are
therefore more embedded in national and cultural initits. In this situa-
tion, the spillover of technologies across firms and nati@t®mes much
more difficult. Recent work by Bloom and Van Reenen (2007) links corpo-
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rate management practices to productivity. They find sagmifi cross-
country differences in corporate management practice,W@tfirms being
better managed than European firms on average, as wsigrmificant
within-country differences with a long tail of badly named firms. In
other words, a simple “copying” of practices from otheurddes — or
even from other firms within the same country — is not the fikaty way
for European service companies to attain greater prodyagirotvth.

The main role for innovation policy in the services settierefore lim-
its itself to supporting learning processes that ead ko improvements in
business practices. In particular, these include pesctidth regard to the
investment in, and management of, intangible capital, inclutungan
resources practices and organizational innovations, battahnding and
marketing (Corrado et al., 2009). Creating optimal conditionsfarket
exchange or innovation cooperation between service firmghairdclients
and suppliers is an important vehicle to diffuse besttiges. Innovators
that depend strongly on their clients may benefit most from gterfog of
an innovation culture which also impacts on users andyeiidnger run,
they profit from investment in education.

But the success of any innovation policy in services, gengratposi-
tive impact on productivity growth, largely depends oroeglementary
approach towards more flexible labour, product, and capitetetsathat
allow resources for innovation to flow to their most prdaidecuses. Crafts
(2006) discusses the increasing evidence that restrictodugt market
regulations, in particular those limiting new entry, hingehnology trans-
fer and have a negative impact on productivity, although modtest re-
late only to manufacturing industries. The diversity in prégifg growth
across European countries shows that some countries ravaddressing
these issues relatively successfully, while others hmte Even though
most European countries have begun to make changes tatioisél ar-
rangements that increase the flexibility and competitigeiretabour and
product markets, such changes vary greatly across cesiniitie changes
that have occurred depend on the size and maturity ofidlustry, indus-
try concentration, the nature of the education systeenathilability of
capital for startups, the sophistication of the consunmef tlae characteris-
tics of the legislative framework. More researcméeded to understand
the determinants of the differences in country expege regarding inno-
vation and regulations, in particular in services industries.
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Finally, many service industries in Europe could benedinfa truly single

market across Europe, where competition can be strengtlagmkdcale
advantages may be realized. Naturally, the European ésingtket” pro-

gram has aimed at removing the barriers to free movedaiesapital, la-

bour, and goods since the 1980’s, but the effect on the seinihesdry is

generally seen as limited. The present drive in Eutopards a greater
openness of service product markets across the Europeam tdajohave
the potential of increasing productivity growth across Euioptie com-

ing decade.

Note

This paper is an updated and extended version of my artitte Mary
O’Mahony and Marcel Timmer, “The productivity gap betweenmolpa
and the United States: Trends and causesfurnal of Economic
Perspectivesvol 22 (1), Winter 2008, pp. 25-44. The current version
includes industry level estimates from the EU-KLEMS groathounting
databases which are updated to 2007, preliminary estimbthe impact

of the crisis on the comparative growth performancehef European
Union and the US from 2007-2009, and an indicative assessmem of t
impact of recent revisions in the US National Income d#&hrdduct
Accounts on the estimates presented in this study. Iratefgl to Robert
Inklaar for his contribution to several parts of this paperd to Vivian
Chen, Ben Cheng and Reitze Gouma for updates on the latiesates.
The research for this paper is based on part of th&  EEMS project on
Growth and Productivity in the European Union. This prtoje@s
supported by the European Commission, Research Directoemierdb as
part of the 6th Framework Programme, Priority 8, “Policyp@rt and
Anticipating Scientific and Technological Needs”.
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Comment on van Ark: Up the hill and
down again: A history of Europe’s
productivity gap relative to the United
States, 1950-2009

Matti Pohjola

Bart van Ark's paper is an insightful historical aysaé of the fact that
slower labour productivity growth in Europe as compareth&o United
States since the mid-1990s reversed the long-term patteoneérgence.

It attributes this “American-European productivity paradéx’Europe’s
weaker ability to benefit from the knowledge economy and the tarke
service sector, explains it by labour and product marketlatgo and
calls for policy measures that would improve the penénce of the mar-
ket service sector. | will here concentrate on fouregssuhich | find rele-
vant for policy-makers, especially in the Nordic countries.

First, the analysis provides an excellent example of hoaileétindus-
try-level data on output and factors of production can leel tis account
for the sources of output and productivity growth at the strgiuand ag-
gregate levels. The EU-KLEMS cross-country database, dmatloy van
Ark and his colleagues and applied in this paper, carsbd as a model
for creating similar national databases as has beenlggrfer example,
Statistics Finland. Given that it is nowadays fashiomablrethink and go
beyond GDP as a measure of welfare, the analysis clearly shows laew va
able it would be to first integrate national income actoumith EU-
KLEMS-type productivity accounts. This would help us understdned

" Aalto University School of Economics, matti.poki@aalto.fi.
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role that technology plays in creating the growth of inconek altimately,
of welfare.

Second, to assess the economic performance of the Europigsm it/n
is useful to analyse the EU countries as a single unit.gBn that much
of policy-making still takes place at the nationalelet is also interesting
to consider the causes for the observed large variatigprdductivity
growth across European countries. This is done by meashargpntribu-
tions of market services to productivity growth and sihgwthat some
countries (i.e. the Netherlands and the United Kingdom) have alomest
as well as the United States while the others Hfiallen behind. From the
Nordic perspective, it is, however, interesting to obsénae the best per-
forming country in terms of both labour and multi-factoodarctivity
growth is Finland, which is treated as a special aaske paper (see van
Ark’s Table 5). Sweden is not included in the analysis ltBU-KLEMS
database reveals that its productivity performance bas kequally good
and for the same reason as for Finland: the stronigprp@nce of ICT
goods production. Moreover, Denmark is the country where theilmontr
tion from ICT capital has been the largest (see Tabl&H® Nordic coun-
tries, especially Finland and Sweden, have been able ¢capy the ICT
revolution to gain global competitiveness. Understanding #asans
would be necessary for predicting productivity growthhia tuture, espe-
cially now when ICT good production is being outsourced to \Wage
countries and when ICT services have come to dominate ICT egniia®
the source of value.

Third, the paper measures the knowledge economy by summing up the
productivity contributions arising from investment in IChaages in la-
bour composition and growth in multi-factor productivity. Thigproach
can be criticized for overestimating the impact becdti$ecludes ICT
capital deepening. The social savings approach, pioneer&blibgrt Fo-
gel, is different to growth accounting in that it does aibtibute any por-
tion of the capital deepening effect to the new technologyiirag that it is
attributable to saving. Because the impact of ICT chpig@pening has
been larger in the United States than in Europe, omittifigm the analy-
sis would narrow, although not totally eliminate, the gaghe contribu-
tion of knowledge to labour productivity growth. | very much agnéé
the view that multi-factor productivity is one of the kegrformance
measures when testing the dynamism of an economic systert.i8not
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a measure of welfare and, consequently, should not bédeced as the
metric to be maximized but rather as a means of obtaining higgtfere:

My fourth and final point is the one on which | disagrego Inot think
the findings of this paper can be interpreted to supperview that labour
and product market regulation is the cause of the slodugtivity growth
in Europe. The reason is that the growth accounting meityced in the
analysis is based on the explicit assumption that all etmrkre competi-
tive. It is, for example, argued in Section 2 that the ameein Europe’s
capital intensity in 1973-1995 can largely be attributabladoumulated
labour market rigidities. But it can also be attributedturope’s high sav-
ings rates in this and the preceding period. Moreover, thare correla-
tion between union density rates and labour productivity draates in
the data used in this paper. In fact, in 2000, the union gleasé was the
highest in the best performing country, namely Finland. ynviaw, the
policy-makers should take a broader perspective basedeomaximiza-
tion of welfare rather than of multi-factor productiwitvhen making deci-
sions regarding, say, labour market institutions. The weeldap between
Europe and the United States is much smaller than risgugtivity gap
when income equality and leisure are included in thasonement of wel-
fare. In such comparisons, the Nordic and some other Euraumestries
often outperform the Anglo-Saxon ones.
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Summary

We review theory and evidence on the links between anti-ditmpe
product market regulations, the efficiency in resourcecafion and
productivity growth. We show large differences of regulationsssccoun-
tries and industries over time. We argue that suchrdiffes have played
an important role in driving resource allocation and prtditg outcomes.
Countries and industries where regulatory burdens aretightve experi-
enced higher GDP per capita and productivity growth rateseover,
where such burdens are lighter, reallocation of resotoeesrds the high-
est productivity firms is stronger. Since the impacts of pnagriate regu-
lations on productivity performance are quantitatively impaytaforming
such regulations can provide a significant boost to pafegtiowth in
OECD economies.
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The analysis of differences in economic performancesaccountries
largely deals with the role played by market rigiditie curbing incentives
to innovate and in preventing resources from flowing tontlest produc-
tive uses. In some cases, rigidities can be directhte@lto the nature of
some economic activities, but they are often induced by inpgpte poli-
cies or institutions. This paper focuses on the role ofpamticular set of
policy-induced rigidities, those that are related to reguatthat curb
product market competition, where competitive forces woulddvarda-
geous for society. There is widespread anecdotal evidence tbatiritries
where policies unduly curb competition, performance is aubfs an
example, Figure 1 suggests a negative and significant atiorebetween
GDP per capita and the OECD summary indicator of anticttivee
product market regulations across a number of OECD andyarmgercon-
omies. Indeed, countries with more stringent and anti-cotiveefiroduct
market regulations (according to the OECD synthetic aidi} were also
those with a relatively lower GDP per capita, aiak versa Needless to
say, this is only illustrative because there are mahgrdactors beyond
regulations that determine a country’s economic performarigareF2,
however, also shows a negative correlation between MuteF&roduc-
tivity (MFP) growth and the stringency of product markegutations:
countries that had pro-competitive regulations seem to baeea more
able than others to accelerate productivity growth overptet quarter
century. And differences in productivity and productivinpwgth are the
main determinant of cross-country gaps in levels andthroates of GDP
per capita. These simple correlations are sufficietiglyt to merit further
investigation: to what extent are they driven by the adveffect of anti-
competitive regulations on the ability to efficiently alide resources and
on the incentives to continuously improve efficiency (e.g. m@vation),
which are at the heart of the growth process in market economies?
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Figure 1. Anticompetitive product market regulation and GDP per capita *
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Source: Woelfl et al. ( 2010).

Note: ® Based on a “simplified” OECD product market regulation (PMR) indicator (see Woelfl et al., 2010). PMR
measured in 1998 for OECD countries; 2008 for Chile, Estonia, Israel, Slovenia, Brazil, Russia and China; 2007 for
Croatia, Indonesia, South Africa and Ukraine; 2006 for Bulgaria, India and Romania.

In this paper, we address these issues by looking dinthdetween
regulations, resource reallocation and productivity fromecdkffit angles,
i.e. aggregate, sectoral and firm-level. We survey someryhand evi-
dence and, based on existing empirical research, we prostideates of
the extent to which regulations can affect productivityecking whether
this effect is economically relevant. Whenever possiblediseuss how
the estimated effects of regulation on performancerdifépending on the
levels of development, industry characteristics and tlaive efficiency
of firms in terms of their dynamism or distance frone technological
frontier. Indeed, heterogeneous performance (across couldestries
and firms) is a key feature of market economies andhftheence of regu-
lation on productivity is likely to differ across couss, industries and
firms with different characteristics.

Throughout the paper, we focus for consistency on measupeschfct
market policies that are provided by the OECD. These messwe based
on laws and regulations that unduly curb competition and dmtér gen-
eral-purpose and sector-specific areas, such as aduaiivistburdens on
start ups and access to networks, respectively. Thay toodifferences in
the stringency of regulation that could potentially prowafeexplanation
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for differences in productivity developments. We also telke account

intersectoral linkages, namely the possibility thataespecific anticom-

petitive regulations can have an impact on performance behendgu-

lated sector itself, due to the fact that regulatecoseetre often important
providers of intermediate inputs to other sectors.

a

Figure 2. Productivity acceleration and regulation
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Note: ® MFP is a multifactor productivity index. Regulation (ETCR) covers historical developments in anticompetitive
provisions and industry settings in electricity, transport and communication industries.

The paper is organized as follows. First, we providdart review of
the main channels through which anticompetitive regulaticen be ex-
pected to affect performance, focusing on their effectechnology adop-
tion, innovation and the allocation of resources to thet mosductive
firms as well as on intersectoral linkages. Second, we iltestiav regula-
tions differ across countries and how they have changed oveashquar-
ter century, pointing out the pervasive regulatory burdlesasinappropri-
ate sectoral regulations can impose on the economy as a.winid, we
look at the cross-country evidence on the regulation-pagice nexus,
drawing on aggregate, industry-level and firm-level data $tart the
analysis with a look at some recent evidence on the atioelbetween
GDP per capita growth and regulation. Then, we turn to tndievel
evidence. We show how cross-country productivity growth déspe and
average productivity growth performance can be rekamtedgulation, with
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a focus on the divide between relatively “deregulatedglish-speaking
countries and relatively more regulated continental Europeamtries.
Finally, we report results relating the efficiencythe allocation of re-
sources across firms and, in particular, the ability ef most dynamic
firms to sustain high productivity growth rates, to thelerlying regulato-
ry environment.

1. How does regulation affect productivity?

Product market regulations, like other regulations, gelgeadtress public
interest concerns about market failures, including monopohditions,
externalities and asymmetric information. In this contexadpet market
regulation can promote competition in certain industries lsyrémg that
market power in natural monopoly segments is not used ahuaiveé by
providing the correct incentives to market participantsvéier, regulato-
ry frameworks may be flawed by several (possibly coivg) factors.
Some regulations may drift away from their original pultierest aims,
resulting in the protection of special interest groupso6e, regulations
(and their implementation) sometimes involve costs ¢xated their ex-
pected benefits, leading to so-called “government #&ilurhird, technical
progress, the evolution of demand and progress in regulsgoiques
can make the design of regulations obsolete.

Inappropriate regulations can affect the productivity penéorce of an
economy in many ways. Given the multiple channels and trentiaity
conflicting effects, it is hard to provide a single and estige taxonomy
of the regulation-productivity linkagésThe focus in this paper is on regu-
lations that curb market competition (henceforth “anticditipe regula-
tions”).2 Our analysis is therefore related to the large and growingtliter
on the effects of competition on growth (see Aghion and itxif2005 for
a survey). Recent models of endogenous growth often includeahee
that, with technology flows unfettered across countries, privityct
growth in follower countries or industries depends on bla¢hability to
catch up by adopting leading technologies available on the namtlahe

! For two recent attempts, see Griffith and Harri€®04) and Crafts (2006).
2 In other words, we concentrate on ways in whikbésigned regulations can harm produc-
tivity. We do not discuss the potential benefit@ppropriate regulations for productivity.
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ability to innovate, with the importance of innovation increasasgthe
country or industry gets closer to the world technologytiieor{Aghion
and Howitt, 1998; Acemoglu et al., 2006).

According to this line of research, anticompetitive regulatiofhigence the
productivity of existing firms by altering the incentivesr ftechnology
adoption and investment in innovation. They can do so by redtioeng
rivalry among incumbents and by making the entry of new iatios
firms difficult. Conversely, the opening up of markets andeased com-
petitive pressures provide both opportunities and inaesitfer firms to
upgrade their capital stocks, adopt new technologies and irentaveeach
and possibly push out frontier production techniciuéthile the empirical
evidence is mixed, recent cross-country and micro-econdunites sug-
gest that these effects are significant, especiallyrevtiee absorptive ca-
pacity is high'

The links between anticompetitive regulations and prodttiare
likely to be influenced by the level of economic development of eaah-
try and by the characteristics of both firms and industries mvthth coun-
try. On the one hand, a strand of research has highlighted théfeitts ef
regulations on productivity differ across countries, firnmsl andustries
depending on their proximity to, or their distance from, Ipesttice pro-
duction techniques. On the other hand, another strand @frcesempha-
sizes the importance of anticompetitive regulations fomptioeess of real-
location of resources from less to more efficient firms,ciwhinderpins the
aggregate growth of market economies.

% The role of regulatory barriers and monopoly rigint curbing or preventing technology
adoption has been illustrated by Parente and Pidgcg.,1994, 1999). Other models have focused
on the role of new technologically advanced enrahhese may give incumbents the incentives to
upgrade their capital through imitation. Aside frpare imitation, affiliates of foreign multina-
tionals may also provide incumbents with positixeeenalities, such as exposure to foreign high-
technology intermediate inputs (Rodriguez-Clar@6)9learning spillovers from multinationals to
their domestic suppliers (Javorcik, 2004) and dglllovers for the host-country labour force
(Fosfuri et al., 2001).

“ For instance, evidence suggests that an incraabe presence of foreign affiliates is likely
to be associated with higher levels of multifagioyductivity. This evidence was surveyed by
Keller (2004) and Goérg and Greenaway (2002). Radist finding positive spillovers, see for
instance Haskel et al. (2007), Griffith et al. (BpQJavorcik (2004) and Arnold, Javorcik and
Mattoo (2011). Recently, the attention has focusethe precise channels through which these
spillovers occur (see, for instance, Crespi e281Q7).
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1.1 Regulation, productivity and distance to best practice

At the aggregate level, the potentially different dffet anticompetitive
regulations on growth depending on the stage of a country’sapeneht
is just one element of the debate around “appropriatetutistis” for
growth (Acemoglwet al. 2006; Aghion and Howitt, 2006). The idea here is
that regulations that encourage market openness and entgnofirms
(domestic or foreign) can have differential effectgperformance depend-
ing on whether growth is mainly fuelled by innovation or taccumu-
lation and technology adoption (e.g. via imitation), with théetapartly
determined by the ability of a country to absorb and adefaréign tech-
nology. If the absorption and innovation capacity is low, as wbaftpen
in many developing countries, openness and entry may not rexgaitte
positive incentive effects that they usually have in nemleanced coun-
tries. Thus, the adverse effect of anticompetitive regukatmm growth
would be expected to be stronger for countries that hdnigher level of
productivity and GDP per capita.

At the industry level, the effects of anticompetitivgukations can also
differ depending on the industry propensity to use cenaiest of technol-
ogies. For instance, anticompetitive regulations may slow dogtake up
of new general-purpose technologies, such as informatsbe@nmunica-
tion technologies. This is because with low competitivesqarees, the in-
centives to invest in such technologies so as to inerpesductivity and
retain market shares may be lower than in more coriveetibarkets.
Poschke (2010) shows that the reduction in such incentive® dagula-
tory barriers to entry can explain a good deal of the ptodlycdiffer-
ences between the United States and Europe, once technologg ahoi
entry of new firms is accounted for. Moreover, regulatourdens can
make the necessary within and cross-firm adjustmisnteew production
techniques more costly than where such regulationsigtted (for in-
stance by protecting the rents of providers of high technaligymediate
inputs). Anticompetitive regulations, including border basiieran also
hinder the diffusion process, not least by preventing tioegpof new gen-
eral-purpose technologies from falling as rapidly as in the glohstet.

Most importantly, at the firm level the impact of anfigpetitive regu-
lations productivity can depend on the characteristidgaafmbents, new
entrants and exiting firms, particularly their positiclative to frontier
production techniques (Askenazy et al., 2008). In the aggretigs can
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imply a non-linear link between regulation and productivitgttdepends
on the overall degree of firm heterogeneity in regulatetkets. In some
cases, the relationship between aggregate innovation paatlctivity)
and competitive pressures can be hump-shaped, with teodlittbo much
competition being harmful for innovative efforts (Aghiorakt 2005). For
instance, the incentive effect of competition on incumbemisovative
activities is likely to be stronger for firms whose csstcture is close to
that of their innovating rivals than for firms that havéarge technological
gap to fill (Aghion et al., 2004; Aghion et al., 2006). For firmstthre far
enough from the world frontier, the “Schumpeterian” discourageraf-
fect due to an increase in entry (which can refleatetition in a market)
can be strong enough to deter any innovation activity.

1.2 Regulation, productivity and resource reallocation

Regulation can also affect aggregate productivity growtimbking real-
location of resources across heterogeneous firms less rdffemhancing.
There is a sizeable heterogeneity in firms’ charéties and productivity
performance even in narrowly-defined industries, andgetaheterogenei-
ty in relatively newer industries characterised bstdatechnological pro-
gress (see e.g. Caves, 1998; Bartelsman and Doms, 2000; Bartetsma
al., 2004). These heterogeneity patterns are often assouwiiltethe idea
that firms, whether new entrants or incumbents, are contghyi@volving
and experimenting with new ideas and technologies (brodefiyped to
include the use of advanced technologies but also organidasivne-
tures) in order to gain market shares or simplyigarResearch based on
firm-level data suggests that all market economies aaeacterized by a
continuous process of reallocation of resources across steslodeneous
firms and that this process plays a major role fygragate productivity
and output growth (e.g. Olley and Pakes, 1996; Foster et al., Goil2h-

es and Regev, 1995; Bartelsman et al., 2004, 2009a). Resource tiealloca

® Different theoretical models and growing empiriesidence support the idea that firms —
both incumbents and new firms — are engaged iméremus process of “experimentation” in
which they choose whether to enter or stay in theket, and whether or not to expand and adopt
new technologies that may have higher potentialstso run greater risks (see e.g. Sutton, 1997,
Pakes and Ericson, 1998 and Geroski, 1995, foregsjvindeed, entering a new market always
involves significant uncertainties, especiallyhifstis associated with the adoption of a new, poten
tially more productive but also more uncertainhtredogy.
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is driven by incumbent firms adapting to market and techimadbghang-
es, but also by firm dynamics — the entry of new firmsirtexpansion in
the initial years of life and the exit of obsolete unitgnturnover is a
particularly important vehicle for the implementation of niewovations
in industries characterised by faster technological ressj where tech-
nology adoption often requires (more than in other industsiggilificant
changes in the organization of production and skill coitipns’ Many of
the new firms that enter the market fail in the ihiyi@ars of life, but those
that survive tend to grow, often at a higher pace theummbent firms (see
e.g. Geroski, 1995; Sutton, 1997; Bartelsman et al., 2004, 2009a). Interest-
ingly, while the magnitude of firm turnover is fairly sianilacross coun-
tries, the characteristics of entrants and exiterst trewth performance
and overall contributions to technological adoption and, ultiyate
productivity growth vary considerably (Foster et @D02; Bartelsman et
al., 2004, 2009a; Griffith et aR006).

A growing body of empirical research has been relatiffgrdinces in
the contribution of resource reallocation to productivity gtota differ-
ences in policies and institutions that shape the bssiervironment. The
list of policy and institutional factors that are Iikéo promote experimen-
tation and efficient resource allocation across seetodsfirms is long. A
substantial literature has examined the impact of cosdistraints on firm
dynamics and technology adoption (e.g. Rajan and Zingales, 1998eBeck
al., 2004 Klapper et al., 2006Aghion et al., 2007). A more limited num-
ber of studies have looked at the role of labour masdgilations in influ-
encing labour reallocation and the adaptability of firmsethhological
shocks (Haltiwanger et al., 2006; Micco and Pagés, 2006). Maathgc
the focus has increasingly been on regulations in the pratarket, espe-
cially those that affect the intensity of competitive pressu

Anticompetitive regulations are likely to influence theedntives for
new firms to enter a given market, as well as fouimbents to engage in

® Bartelsman et al. (2004) as well as Bartelsmaai. ¢2005) indeed found that the entry of
new firms plays a stronger role in boosting aggregaoductivity in high-tech industries as com-
pared to medium and low-tech industries.

" Newcomers may have a comparative advantage ireimeaiting them relative to existing
firms in as much as they do not have to incur afjysiment costs. The wider range of technology
options available to entrant firms but also theaggeuncertainty concerning the business plan
explain the observed greater variance in the pedoce of young businesses compared to older
incumbents.
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experimentation and the associated reallocation of resuBtich regula-
tions can hinder the reallocation of resources across fivith different
productivities. A number of theoretical studies have tt@dccount for
firm heterogeneity and modelled distortions to entry axitlas well as
reallocation. For example, Bernard et al. (2003) and M&i@D3) high-
light the role of border barriers affecting the deguéeompetition in the
product market. Building on models by Melitz and Ottavia2@0g8) and
Del Gatto et al. (2006), Corcos et al. (2007) find thaintftoehind-the-
border barriers may be even more important for productivittheir mod-
els with heterogeneous firms, easing trade barriers geaaaaeallocation
of resources in favour of more productive firms. The efitlow-
productivity firms and the expansion in the domestic aneiga markets
of more productive firms lead to an increase in agdesgaoductivity
growth. Bergoeing et al. (2002) also allow for idiosyncrdifterences in
firm productivity and focus on the effect of a produdtivdhock on aggre-
gate productivity when there are government-induceddristin the real-
location of resources. Their simulations suggest thdt Biations length-
en the period in which output is below potential. A fewitalohl studies
have further developed models with adjustment frictions phatent re-
sources from immediately being allocated to the most productime {see
e.g. Restuccia and Rogerson, 2007; Hsieh and Klenow, 2009; Btels
et al., 2009b). Static and dynamic frictions partly depend on maraetc
teristics and technological factors but are also cleatgted to inappropri-
ate product market regulations. In particular, frictions megyresent the
costs of adjustment — either in the form of entry and epsts, or adjust-
ment costs to reallocate factors of production suchapiat and labouf.
In these models as well, both policy-induced entry castsragulations
that raise the adjustment costs to technological shiksce aggregate
productivity.

As stressed by Bartelsman et(@O009b), inappropriate regulations may
affect the reallocation dynamics on different margins uwaidety of ways.
For example, high start-up costs are likely to reduce fiurover and
potentially lead to a less efficient allocation of reses, but those firms
that finally enter the market may have a higher proditgtihan otherwise

8 The latter might involve a range of costs inclgpihe search and matching frictions that
have been the focus of much of the recent liteeaturthe dynamics of the labour market (see e.qg.
Dauvis et al., 1996; Restuccia and Rogerson, 208igHhand Klenow, 2009).
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due to a tighter selection at entry. In turn, the avegductivity of in-
cumbents and exiting businesses will be lower. Similarlytaoemarket
distortions might weaken the selection process at entihyeait leading to
less systematic differences between entering, exitidgiraumbent busi-
nesses. There is also an important time dimension: meokelitions that
promote experimentation and trial and error processes magsuoeiated
with more risk and uncertainty in the short run, leadng lower immedi-
ate contribution from entry to productivity, but a higher loog contribu-
tion once the trial and error process of experimentimgsfihas worked its
way out (through learning and selection effects).

1.3 Intersectoral linkages

Via the channels highlighted above, regulations that hindempetition
can affect productivity not only in each regulated industry but@isather
industries through intersectoral linkages. Lack of competiiressures in
a sector can generate trickle-down effects on other sduyoraising the
costs, lowering the quality or reducing the availabitifyintermediate in-
puts, particularly in the case of services inputs whapoit competition is
limited. Recent research has explored the indireetctffthat barriers to
competition in (upstream) sectors may have on the effigi®f resource
allocation and the productivity performance in other (ostweam) sectors
(Bourleset al., 2010; Barone and Cingano, 2011, Arnold, Javorcik and
Mattoo, 2011).

The main idea is that upstream regulation generatesetnpokver for
intermediate goods providers, which is used to extract r@ndl restrict
access to key markets for downstream firms, reducingpip@rtunities
and incentives for productivity improvements. Based on aanbiof the
innovation model by Aghioet al. (1997), Bourlest al. (2010) show that
anticompetitive upstream regulations can reduce compeftegsures in
downstream markets by increasing the cost of finding amiettiate sup-
plier. For instance, lack of competition in an upstreanoseetn generate
barriers to entry that also curb competition in downstreactors: tight
licensing requirements in retail trade or transport mamow the distribu-
tion channels for downstream firms and overly restrctiggulation in
banking can reduce the range of available sources ofcfimaifor down-
stream firms, thereby curbing new entry and firm growtlorddver, the
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incentives to improve efficiency downstream are a¢shuced by the abil-
ity of upstream firms to appropriate a share of #hets that downstream
firms would earn from such improvements. This is becatifiee imarkets
for intermediate inputs are imperfect, downstream firrag have to nego-
tiate with (and can be held up by) suppliers. In a simién, but based on
a model of industry interdependence and international dizetien, Bar-
one and Cingano (2011) show that regulations restricting cdiopeitn
upstream sectors for which import competition is wead. (gervices) af-
fect the cost and/or quality of products used as irgdiate inputs in
downstream industries or firms. This imposes unnecessaty ebadjust-
ment to downstream firms wishing to improve efficiearyl biases indus-
try specialization away from industries that are irtenén the regulated
inputs? Resource allocation across industries and aggregate fritguc
growth are obviously also affected.

2. Tracking differences in regulation across countries,
industries and over time

2.1 Measuring regulation

Studying the quantitative effects of regulation on proditgtivequires
measuring regulation in a relevant, consistent and compavey across
countries, industries and time. In the context of this study, relevaeaas
only considering regulations that have an impact on corygetiitcomes
in markets, industries and countries. Consistency and comiggredn be
reached in a variety of ways. For instance, Griffitiale (2004) and Aghi-
on et al. (2006) have recently used EU data on anti-monopoly cases and the
implementation of the Single Market Programme to additesgpotential
policy determinants of competition, while Buccirossi et (2009) have
used variability in competition law provisions and enforcetnreles in a
subset of OECD countries. In this paper, we focus on itatkaf anti-

® Indeed, in theoretical models of industry intereleglence, the under-development of markets
for non-tradable inputs has been shown to consfoaiaven prevent) the diffusion of input inten-
sive technologies, thus affecting the patternseburce allocation and international specialization
(Rodriguez-Clare, 1996; Okuno-Fujiwara, 1988). Berand Cingano’s work is related to the
growing literature on the relevance of institutidasresource allocation and comparative ad-
vantages (see, references therein).
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competitive product market regulations drawn from the OE@&nation-
al product market regulation databd&hese indicators measure to what
extent competition and firm choices are restricted whieeee are na
priori reasons for government interference, or where regulajoals
could plausibly be achieved by less coercive means. @heyased on
detailed information on laws, rules and industry sett{egs. the extent of
vertical integration or monopoly power), and cover both gemarglose
regulations (such as administrative burdens on star&uub)sectoral regu-
lations in energy (gas and electricity), transportl,(raad and air), com-
munication (post, fixed and cellular telecommunications), Irelfairibu-
tion, professional services and banking, with country and tiowerage
varying across industries. This information covers both dtmanticom-
petitive regulations and industry-specific FDI restdof in all OECD
countries as well as in the BRIICS.

The main advantages of using these indicators in emapaitalysis is
that they can be held to be exogenous to productivity develagnand
that they are directly related to underlying policies,auee that business
survey data do not havé Another advantage is that, since they are com-
posite constructs based on detailed information on spqumificies, they
address multicollinearity problems in estimation. At Hzme time, they
make it possible to focus on the specific aspects ofipslibat are consid-
ered to be relevant for productivity. For instance, nadghe analysis re-
ported below deals with barriers to entry (including adnmaiiste bur-
dens), sometimes explicitly distinguishing between boaater non-border
policies that affect these barriers. Yet another ademn of the OECD

1% The data and underlying documentation are pubdighilable at www.oecd.org/eco/pmr.
The most recent observations are currently for 20008.

" The basic regulatory data includes: economy-widicators for all OECD countries and
several non-OECD ones for 1998, 2003 and 2007¢#tdis for energy, transport and communi-
cation that cover most OECD countries over the 180J®7 period (several non-OECD countries
are also covered for the most recent period); atdis for retail distribution and professional
services that cover most OECD countries and seneralOECD countries for 1998, 2003 and
2007; the indicator for banking that covers 30 OEB&Dntries for 2003. The indicator of FDI
restrictions covers a larger set of sectors owerl®81-2007 period.

12 Naturally, endogeneity cannot be completely rdetlif, for instance, policies are affected
by productivity outcomes through political econoahannels. On the relative advantages of
policy-based and survey-based composite indicaseesNicoletti and Pryor (2006).


http://www.oecd.org/eco/pmr

74 Nordic Economic Policy Review, Number 2/2011

indicators is that they vary over countries, industries #me, though full
time variability is limited to a subset of non-manufacturimdistries->

The OECD indicators are also used to summarize the paitbotiden
of non-manufacturing regulations imposed on all business sed@drger-
sectoral linkages. This is particularly important becatke non-
manufacturing sector is undoubtedly the most regulated laeitbed part
of the economy, while few explicit barriers to competitiomaén in mar-
kets for manufactured goods of OECD economies. Howeverseasgsgied
above, even low-regulated industries may suffer from régualénduced
inefficiencies in non-manufacturing because all industiresheavy inter-
mediate consumers of non-manufacturing inputs. Sectorallaton im-
pact” (RI) indicators of the indirect burden of anti-qmatitive regulation
in upstream non-manufacturing industries for downstream tinelsigin-
cluding the regulated non-manufacturing industries themgedwrescalcu-
lated for each country using information from input-output talfles:

Rl, = (NMR, + FDI, )+ w, O<w, <1

]

where the variablBIMR; is an indicator of domestic anti-competitive regu-
lation in non-manufacturing sectpat timet, FDIj is an indicator of FDI
restrictions in non-manufacturing secfoat timet, and weightwj is the
total input requirement of sectdr for intermediate inputs from non-

13 Griffith et al. (2006) formulate a number of arisms concerning the OECD indicators, the
most compelling being that their time dimensiofhinsted to a subset of non-manufacturing
sectors that they do not think are sufficientlyresgentative of economy-wide regulatory develop-
ments. Conway and Nicoletti (2006) show that thédDEndicator of non-manufacturing regula-
tion is closely correlated, both across countrieb@ver time, with a popular time-series indicator
of economy-wide business regulation, the Economee&om of the World index by Gwartney
and Lawson (2003). This is not surprising sincetn@=CD product market reforms have been
implemented in the non-manufacturing industriesr dlre past decades.

% The resulting RI covers 39 sectors that use tigubs of these non-manufacturing indus-
tries as intermediate inputs for the 1975-2007qukrGiven that some sectoral indicators (retail,
professional services and banking) have a limitee toverage, we use their 2003 value to com-
pute the regulation impact indicators. But the eiogl results reported in the next section do not
change if values for 1998, 2003 and 2007 are idstiead, with interpolation between periods.
This technique for calculating the regulation intgadicators has also been used by Faini et al.
(2006) and Barone and Cingano (2011).
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manufacturing sectar™ These RI indicators allow tracking the “trickle
down” effects of inappropriate regulations in non-manufaeguindustries
on productivity in all sectors of the economfy.

2.2 Regulation: Cross-country patterns and historical developments

Figure 3 shows cross-country patterns and the evolution obegewide
product market regulation and FDI restrictions across namifaaturing
sectors. It suggests that, overall, regulatory approaches tonverged
across OECD countries over the past two decades towardsre pro-
competitive stance. Looking at specific non-manufacturirgjosg, con-
vergence has taken place in particular in energy,goahand communica-
tion as well as in border barriers to FDI (for the latter seelBaoEFigure
3), while the available time-series data for retail trade andaéssiservices
point to persistent differences in the regulatorynstaacross countries in
these sectors. Despite convergence in many areas etodsselifferences
in regulation persisted at the end of the period, suggestihgdhgetitive
pressures still differ considerably across both countriesextdrs.

The figure also suggests that, in the most recent pesiodHich data
are available, regulations often tended to remain nwerae to competi-
tion in emerging economies than in OECD countries, though netsa-
ly in all sectors. Unfortunately, historical data kreking and it is not pos-
sible to use the OECD indicators for tracking whether emerging ecesomi
have been converging in regulatory practices towards radwanced
economies.

' The (harmonised) input-output data for OECD cdestrand therefore they, exist at the
2-digit (ISIC rev3) level, implying that the NMR ratuialso be calculated at this level of sectoral
aggregation. See Arnokt al. (2008) for further details.

16 All OECD indicators take continuous values on aesgoing from least to most restrictive
of competition. A detailed description of the iratiors of economy-wide regulation can be found
in Woelfl et al. (2009, 2010) while a detailed dgstion of domestic non-manufacturing regula-
tion and the trickle down indicators of “regulationpact” is provided in Conway and Nicoletti
(2006). Indicators of FDI restrictions are desatifre Golub (2003) and Golub and Koyama
(2006). The indicator of domestic anticompetitiegulations in banking is described in de Serres
et al.(2006).
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Figure 3. Economy-wide product market regulation an d border barriers

a. Overall regulation
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These patterns raise a number of issues that arameliegm both a re-
search and policy point of view. First, to what exterthésmore restrictive
stance in a number of countries, including the emerging ecespsiow-
ing down their GDP per capita and productivity growth ragetond, can
differences in competitive pressures across industngsare induced by
different regulatory approaches explain the wide coogsitry and cross-
industry dispersion of productivity growth rates observedha& OECD
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area? Third, to what extent can regulations that cudh pressures and
generate unnecessary burdens for businesses hinder réafidcavards

the most efficient firms? Fourth, do these regulatidfectall countries,

industries and firms equally, irrespective of their te¢bgioal characteris-
tics, dynamism and distance to best practice? We nowtduthe cross-

country empirical evidence on these issues.

3. Evidence on regulation and productivity

A growing number of recent empirical studies have focuseti@effects

of product market conditions on growth in productivity arldRGper capi-
ta. Some studies have focused on the impact of producetrashkditions
on capital accumulation (Alesirgt al., 2005) and its asset composition
(Gust and Marquez, 2004; Conweatyal., 2006; Bloonet al., 2010) as well
as on their effects on innovation (Aghiehal., 2005; Aghion and Griffith,
2005). Here we focus on those cross-country studies that dieatly
related measures of anticompetitive regulation to GDP cagita and
productivity growth. The review does not have the ambitiohe exhaus-
tive.

3.1 Some aggregate evidence

Empirical research linking anticompetitive regulationaggregate growth
has found negative effects on GDP per capita, GDP pegtewor multi-
factor productivity (MFP) growth, but the results are aletays robust and
consistent across studies. These studies have takericaingpproaches
based either on static cross-country growth regressions a la&uatiSala-
i-Martin or dynamic panel regressions. Static models heeen estimated
with either a fixed number of explanatory variablesa@dition to regula-
tion) or with methods that allow to identify the variabtbat are most
likely to affect growth among a vast number of possibleofactincluding
regulation (so-called Bayesian Model Averaging — BMA). ®sichlso
differ in terms of the sample of countries used. As shiwBabetskii and
Campos (2007), differences in methodology and sample coverage ca
significantly affect the size (and sometimes the sigrhefgrowth effects
of changes in institutional variables.
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A few recent studies illustrate well the fragility aggregate findings.
Using a BMA methodology and focusing on GDP per capita,liVeeal.
(2010) find that easing anticompetitive regulations by an ameguita-
lent to moving from the regulatory stance of Brazil to tHathe average
OECD country could yield a 0.3 per cent higher average aragaof per
capita GDP. Boulhatt al. (2008) previously found similar results based on
simple dynamic panel regressions. However, the statistigaificance of
results from both these studies is relatively weakndgs more complex
dynamic approach based on Bloom et al. (2002), Beud. (2011) also
find that anticompetitive regulations curb GDP per capisatheir effect
on MFP, but they are unable to sharply distinguish the infei®f regula-
tion from that of other institutional variables within ithestimation
framework. Finally, specifically focusing on MFP in thentext of static
cross-country growth regressions, Aghietnal. (2009) also find adverse
effects of market rigidities (expressed as a combinatibtebour and
product market regulation) on aggregate performance. A confisaduare
of all these studies is that, among the various kinds of reguldtiahe/ere
tested, barriers to entry and entrepreneurship are faubd those having
the most significant and damaging effects on performance.

One possible reason for the lack of robustness oftsefsam aggregate
studies is that the effects of regulation, and of diffelénds of regula-
tions, may vary with levels of development (Aghion and How006).
This implies a “composition” effect that blurs the linkween regulation
and performance when this non-linearity is not accounted fotimagson.
Some estimates from dynamic panels with thresholdsirfgles dummies)
differentiating among effects of regulations across inctewels suggest
that anticompetitive regulations may have particuladyease effects on
more advanced countries, while having lesser negatieetefiind even
positive ones at low levels of development. For instance, €i§whows
how the effects of different kinds of regulations vatyoas countries with
different initial GDP per capita levels according e fpanel estimates of
Woelfl et al. (2010). Negative effects of overall anticompetitive reguati
(PMR) begin to be observed at GDP per capita levetsajosve those of
Bulgaria or South Africa in 1998, with certain barrierdraale and invest-
ment still having positive effects even at higher incoexels. As already
mentioned, barriers to entrepreneurship have nonethelessnlyifnega-
tive effects on growth in all countries independent of GDiPcpeita lev-
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els. But the effects of all types of regulations on growthestimated to
become increasingly adverse as income levels rise, andupetii steeply
so for those regulations that affect international opennfgision et al.
(2009) found similar threshold effects of market rigidites aggregate
MFP growth, with rigidities decreasing growth only in coigs with in-
come close to the level of the United States. No such thresholtseffe
found, however, in the dynamic panel estimated by Betial. (2011)
suggesting that the jury is still out concerning thevaatee of such effects
for policy analysis and recommendations.

Figure 4. The impact of regulation on growth at dif ~ ferent levels of initial GDP per
capita
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3.2 Regulation and industry-level productivity

To begin exploring the link between regulation and industvet produc-
tivity, Figure 5a shows the cross-industry distribution bbla productivi-
ty growth rates over the 1995-2005 period in two groups of dearfor
which we have consistent data: three relatively “ddegdgd” English-
speaking countries the United States, the United Kingdom and Ireland
and four relatively “restrictive” large European count@=rmany, France,
Italy and Spain. The figures focus on trend productigitywth rates to
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abstract from short-term fluctuatiohsMoreover, the growth rates have
been purged of idiosyncratic effects across countries adastries to
make it possible to pool the productivity data in a meaningfay.*®
Therefore, values on the horizontal axis are not directlydrdétable, while
their dispersion (overall and across industries) is.

Several features emerge from Figure 5a. For both groupsuotries,
the overall distribution is skewed to the left, indicatprgvalence of weak
productivity growth rates, but has a long right tail, suggestingaadggh
productivity growth. Interestingly, the right tail of fagtowing industries
is longer and thicker in English-speaking countries thaztominental EU
countries that have a higher concentration among relatimele slowly
growing industries. As a consequence, English-speaking cesibémd to
have a higher median productivity growth than contirleta countries
(as shown by the distance between the vertical lines).

In the light of our previous discussion, it is naturatdtate these dif-
ferences in the distribution of productivity growth to umgeag product
market regulations that are more or less prone to hedaia efficiency
improvements within each industry. As a first check on ¢isjecture,
Figure 5b replicates the productivity growth distributipasling together
all countries, but now distinguishing between high- and legulated
cases (each observation being for a country/sector/ygain aurged of
idiosyncratic factors). Low and high-regulated casesdefmed as those
falling within the first and fifth quintiles, respectively, of ttistribution of
the OECD regulation impact indicator. As explained abos@guthese
indicators makes it possible to account for both the de#etts of anti-
competitive regulations in each industry and the indirffects via inter-
sectoral linkages.

¥ To eliminate the cyclical component, a Hodrick @t filter has been applied to the series
using all available years.

'8 |n other words, the figure shows the distributidithe residual of a regression of productiv-
ity growth rates on country and sector dummies afpplying a Hodrick-Prescott filter and elimi-
nating outliers (top and bottom percentile of therébution). The resulting distributions are based
on country-industry-year observations.
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Figure 5. Labour productivity growth distributions across countries, industries and
time, 1995-2005%
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Source: Authors' calculations based on EU-KLEMS, March 2007, and OECD International Regulation Database.

Notes: *Trend productivity growth, Hodrick-Prescott (HP) filtered and purged of country and industry means. Agricul-
ture, forestry, fishing, mining and construction are excluded, as are public administration, education and health sectors.
® Observations are classified into low or high regulation if they fall in the first and last quintiles, respectively, of the
distribution of the regulation impact indicator. The vertical bars represent sub-sample medians. These indicators reflect
the trickle down effects of anti-competitive regulation in non-manufacturing sectors on industries that use the output of
these sectors as intermediate inputs into the production process.

The figure suggests that regulation plays a role in shapmgistribu-
tion of productivity growth rates. Where regulation encouragespeti-
tion and does not impose any excessive costs to busindssegnsity of
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high productivity growth rates is thicker and median productiyiomwth is
higher than where regulations are restrictive and ycoMloreover, the
dispersion of productivity growth rates is much higherighly-regulated
countries, with observations displaying relatively low piciity growth
being much more frequent.

The wide industry-level dispersion of productivity growsites is a po-
tentially important source of identification for econometstuadies of the
regulation-productivity link. A large number of such industnelestudies
have been implemented over the past decade, mostly relyidgnamic
panel data analyses (e.g., Scarpetta and Tressel, 2002thliant Scar-
petta, 2003; Conway et al., 2006; Griffith et al., 2006; Inklaar.c2@0D8;
Buccirossi et al., 2009; Bourles et al., 2010) within the getfieradework
proposed by Aghion and Howitt (2008)In this framework, sectoral
productivity growth in a given country depends on the ahilitikeep pace
with growth in the country with the highest level of praiity (the lead-
er) by either innovating or taking advantage of the besintdogy availa-
ble. Productivity growth depends on both knowledge spillovers ftwn
leader’s innovation drive and the speed at which the pradlyctiap is
closing due to, for instance, technology diffusion and adogiioturn, the
effect of anticompetitive regulation on productivity growih follower
countries is assumed to depend on the size of the seproductivity
gap®

While the basic estimation framework is similar, the vargtuslies dif-
fer in data and coverage, control variables and, edlyedmthe measure-
ment of product market policies, with the most recent stufticusing on
the indirect burdens imposed by (upstream) non-manufactieqmgdations
on all (downstream) business sectors (see Arnold,e2@08 for a survey).
The match between the industry productivity dimension hadndustry-
level regulation impact indicators constructed by theCOEas well as
their time-series variability, has proved to be paléidy useful for the
estimation.

% The regression models used by these authors demtsof that proposed by Griffith et al.
(2004) to test the effect of R&D expenditure ondarctivity growth. Bouis et al. (2011) have used
a similar model to study the effects of regulationaggregate MFP.

20 All these studies include country- and sectordiréfects. However, due to the presence of
the interaction term between the productivity gad eegulation, the source of identification of the
regulation effects is variability across all dimems of the panel: time, industries and countries.
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Given the differences in data and specification, thaltsefrom indus-
try-level studies are not easily comparable. However, a number of common
conclusions emerge:

» In all studies, regulations that restrict competition are found to curb
labour productivity or MFP growth significantly, even though thiaitpo
estimates vary.

» Studies that obtain separate estimates for different s€é€onmsvay et
al., 2006; Inklaar et al., 2008) tend to find stronger negative effects in
ICT-intensive industries.

» Regulations that appear to be most damaging for sectoral praguctiv
growth are barriers to entry, consistent with the results found in
aggregate growth regressions (see above).

» Studies that account for regulatory burdens implied by intensgc
linkages (Conway et al., 2006; Inklaar et al., 2008; Bourles et al., 2010)
find these burdens to provide an important explanationeoflifpersion
in productivity growth rates across countries, industries andtiowe.

Figure 6. The burden of non-manufacturing regulatio non ICT and non ICT sectors,
2003°
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Source: OECD International Regulation Database.

Notes: Scale normalised to 0-1 from least to most burdensome. ® The figure shows the regulation impact indicator,
which reflects the burden of anti-competitive regulation in non-manufacturing sectors on industries that use the output
of these sectors as intermediate inputs into the production process.

Focusing on labour productivity, Conway al. (2006) show that regu-
latory burdens have been particularly harmful to praddigtimprove-
ments in ICT-intensive sectors, largely because tlewed down the
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catch-up process to best practice productivity. Conway andldttic
(2007) estimate the productivity growth “deficit” that would be engftl by
countries whose anticompetitive regulations would hinder aucitch-up
following a global positive productivity shock such as thqtegienced in
the OECD area during the diffusion of ICT. In all countritee detri-
mental effect of anti-competitive regulation, again expressedeetiula-
tion impact indicator, is larger in ICT-intensive sestgiven that the regu-
latory burden is estimated to be higher in theseosedh comparison to
non-ICT intensive sectors (Figure 6). The estimated gapraductivity
catch-up in ICT-intensive sectors is particularlyesizle in Austria,
Greece, ltaly, Germany, Norway and Belgium, all of whiahai® 30 per
cent to 40 per cent below potential five years after the initial shock.

While virtually all industry-level studies of the regtiten-productivity
link on average find adverse effects of anti-competitiviicies on growth,
there is less agreement on whether these effectsnéfiem across coun-
tries (or sectors) independent of their distance taetienological frontier.
Among the studies that have conditioned the effects ofatganlon dis-
tance to frontier, Conway et al. (2006) and Nicoletti and #&xt&r (2003)
find that regulation tends to slow down productivity growtbre strongly
in countries (or sectors) that are further away froobagl best practice
productivity. They ascribe this result to the tendency alkneompetitive
pressures and burdens implied by regulation to lower incentivespgod-
tunities and increase the costs of adopting best praatixhugtion tech-
nologies and methods. Average developments in industry productivity
would thereby suffer from weak growth in the most efficifemhs and a
low contribution of firm turnover to efficiency improvemefts.

Recent studies (Bourlés et al., 2010) suggest, however, tiatrapet-
itive regulations in up-stream industries tend to have & rdamaging
effect on the multifactor productivity growth of sectors wightly close to
the global productivity frontier. This is consistent withe neo-
Schumpeterian view that lack of competition is parédyl harmful where
the “escape competition” effect benefiting an innovating fsnihe strong-
est — that is in a situation of neck-and-neck rivalnyong firms (Aghion et

2 Since Conwayet al. (2006) focus on labour productivity, theagee harm to productivity
growth caused by anticompetitive regulations farrddes and sectors that are further away from
the global frontier can also be ascribed to thdeewy of such regulations to curb capital for-
mation (Alesineet al., 2005) and ICT investment (Gust and Marq@eg4).
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al., 1997; Aghion and Howitt, 2006). Interestingly, Bourles et ab &hd

that this “closeness to frontier” effect vanisheshia most recent period
(1995-2007) characterised by increased integration of globatets and

the widest diffusion of ICT technologies. In other words,ntoes (and
sectors) in their sample uniformly suffered from antipetitive regula-
tions in the most resent post independent of whether thegl@se to or

well behind the frontier. Over the whole estimation periegjulation is
found to curb productivity for more than 85 per cent of the robsiens,
while significantly increasing it for a small share tbem (3 per cent)
namely for firms whose MFP levels are less than half of thbdee global
technology leader. However, over 1995-2007 regulation is estimated to
have curbed MFP growth for virtually all observationgha sample. Us-

ing the average level of the productivity gap and the gecievel of regu-
lation, regulation is estimated to curb annual MFP growthatmund 1
percentage point over the whole period and by around 1.7 pereentag
points more recently.

3.3 Regulation and firm-level reallocation and productivity

As discussed above, industry-level productivity growtlesid widespread
heterogeneity in firms’ performance within each industry andrdinuous
process of reallocation across them, through the ehtrgw firms and the
exit of obsolete ones and the reallocation of factor inpuisng continu-
ers. All industries display persistent productivity disgen, pointing to a
(more or less) wide heterogeneity in the performandero§. In this con-
text, a natural question is whether market forces tenceadiocate re-
sources towards firms with higher efficiency levelssifple way of as-
sessing the importance of reallocation for productivitioigsk the ques-
tion — are resources efficiently allocated in a séotontry in the cross
section of firms at a given point in time? To answer this questieripgus
on multi-factor productivity, which is the appropriate meastfifirm-level
efficiency in the use of inputs, and we use the simpbssesectional de-
composition of multi-factor productivity levels for a swcht a point in
time developed by Olley and Pakes (1996). Aggregate produdi®jtis
decomposed into two terms involving the un-weighted aeedfirm-
level multifactor productivity (AP) plus a cross ternattitaptureslloca-
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tive efficiencysince it reflects the extent to which firms withegter effi-
ciency have a greater market share (\¥P).

Figure 7. Contribution of resource allocation to se ctoral MFP levels (early 2000s)
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Source: Authors’ calculations based on Amadeus database.

Notes: Based on Olley-Pakes productivity decomposition. The data reported in the figure represent the share of the
total MFP level that is due to an efficient allocation of resources. The degree of efficiency in resource allocation is
measured by the cross-term of the Olley and Pakes decomposition (WP, see main text), relative to the overall average
productivity level (P).

This decomposition essentially involves comparing un-weighted aver-
age productivity to weighted average productivity. To misénthe meas-
urement problems involved in comparing these productietls across
sectors or countries, we focus on the relative contobubf allocative
efficiency to the observed overall average productivitglleThis requires
comparing productivity levels of firms in the same indusind coun-
tries thus ensuring that most measurement problemsoateolled for?
Figure 7 presents the estimated indicator of efficie@y=<WP/P) in the
allocation of resources in a sample of EU countrieswiich we have

?2 Formally, the decomposition is given b = (1/N,)>. R + Y AGAR = AP+ WF

whereN is the number of businesses in the sectoraisthe operator that represents the cross-
sectional deviation of the firm-level measure afdqurctivity (P) or business market shar® from
the industry simple average.

% Since no cross-country or cross-sector compatpisbues arise in the Olley-Pakes
decomposition, we take the standard approach whatsbg, for each sector and country, a
production function in logarithmic form and takettesidual, i.e. the part of output that is not
explained by factor inputs, as a measure of MFP.
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consistent firm-level data from the Amadeus database oveathe2000s.
It focuses on manufacturing and business services sdpaatefor each
of the two broad sectors, a weighted average of 2-iditstry level OP
cross terms is used.

The OP decomposition suggests that, in all countries, &llecaffi-
ciency accounts for a significant fraction of the ovedddserved MFP
levels: between 20-40 per cent of the observed productaild can be
ascribed to the actual allocation of resources compiared situation in
which resources would be randomly allocated across firneaéh sector.
However, there are also differences across the two broad seudaasrass
countries. The United Kingdom stands with the highest degredoofa-
tive efficiency in services, almost 15 percentage pointyeabimat of the
second highest country in the service settor.

To shed some further light on allocative efficiency, Figuipdots aver-
age firm growth by the quartile of the firm-level grativity distribution.
The quartiles divide firms according to their MFRI#tive to the median
of the sector and country for which the production functioa astimated,
on average over 1998-2004). Thus, the top quartile represeris fher
cent most productive firms in each industry. Firm groistimeasured in
terms of real value added, also averaged over 1998-2004, andlised
by the country/sector average (which is set equal to 1 in the figidafu-
rally, this is a partial analysis that does not consiiygmamic processes —
i.e. some of the low-productivity firms may be new ventures &#ne in-
volved in a learning-by-doing process and catching up thighefficiency
of more mature businesses, while some of the high produmntisieesses
may have less scope for further expansion. Bearing#hvisat in mind, the
figure suggests that in all countries but one (Spain), m@éuctive firms
indeed experience a higher growth than their lower prodtyctounter-
parts. However, the difference in the growth of low- &igh-productivity
firms varies significantly across countrf@sThis confirms our finding

24 A similar analysis is presented in Bartelsman.e2804) with reference to labour produc-
tivity in manufacturing in the 1990s in a sampléd&CD countries that also includes the United
States.

% |n other words, a value of 3 for the highest gleim the United Kingdom means that these
firms grew on average three times faster than fhegrs in the same sector/country cell. To mini-
mize endogeneity problems, the growth in firm vadaeled is calculated as the average 62
andt +3 relative to the period of productivity measurement

% While in Spain there is no clear relationship besw productivity levels and expansion, in
France the most productive 25 per cent have aragearowth that is twice as high as the 25 per
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based on the cross-sectional OP productivity decompositionelpahat
some countries are better able to channel resources towagh-
productivity firms, thereby encouraging them to growdbpand strongly
contributing to the overall productivity performance.

a

Figure 8. Do better firms grow faster?
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Source: Authors' calculations based on the Amadeus database.

Notes: Value-added growth by quartiles of the MFP distribution of firms. * The figure presents the average real value
added growth of the four quartiles of the MFP (relative to the median of the sector and country for which it was estimat-
ed) distribution of firms in each country. Firm level real value added growth is normalised by country/sector average to
improve the comparability.

Two questions emerge at this point: Why have some couittgéen
more able than others to reallocate resources towastigrawing firms?
What are the mechanisms through which inappropriate atgug might
affect reallocation across sectors and firms? A §itsp toward answering
these questions is to correlate our OP indicator afcafive efficiency
across countries, sectors and time with the OECD iraieatf the regula-
tory burden imposed by non-manufacturing regulation on etbeeof the
economy (Table 1). In other words, we investigate whethee tisean
association between anticompetitive regulations (affedtioth upstream
and downstream sectors) and the efficiency of theowstlbn process
within each industry’

cent least productive firms, while in Italy it isree times as high and in the United Kingdom it is
five times as high.

2 We use a fixed-effect specification where, in #&ddito our regulation impact indicator, we
include a full set of time-varying country-specifind sector-specific effects. The sample includes
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The results for the overall business sector point tegative effect of
regulatory burdens on the efficiency of resource allonatHowever,
breaking down the sample into manufacturing and servieggests that
the negative effect of regulation originates from sesvidéhis is not sur-
prising, since cross-country differences in the regulag¢omironment and
regulatory reforms over the past decade mostly condettme services
sector. Interestingly, if we split the industry samplesMaen ICT-intensive
and non-ICT intensive sectors, we find that regulatorygéns affect more
strongly the ICT-intensive sectors, where such burdemsofsen highest
(see Figure 6 above). In other words, in those sectors vthere was
more heterogeneity in firm performance because of grexgerimenta-
tion and learning by doing around this new general purpose technology
regulations that restricted competition and entry of new finm#& had a
strong negative effect on the ability of the market tantiel resources
towards firms with the best performance. This illugtsabne channel
through which restrictive regulations that impinge on |@fEiisive sectors
may have curbed the ability of some countries to fully berfiefim the
diffusion of new technologies over the past decade, as sugdesteon-
way et al. (2006) based on industry-level data.

Table 1. Product market regulation and allocative e fficiency

Dependent Busi- Manu- ICT Non-ICT
variable: Olley- ness facturing Services using using
Pakes indicator sector only only sectors sectors
Regulation Im- -0.33** 0.54 -0.37* -0.30** -0.26
pact Indicator (0.10) (1.44) (0.16) (0.14) (0.17)
Country-year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
N 894 703 191 417 477
R2 0.20 0.21 0.19 0.21 0.20

Source: Author’s calculations.

Notes: Standard Errors in parentheses. *, **, *** indicate statistical significance at the 10, 5 and 1 per cent levels,
respectively. Agriculture, forestry, fishing, mining and construction are excluded, as are public administration, education
and health sectors. ICT-intensive sectors include both ICT-producing and ICT-using sectors.

a set of OECD countries for which the Amadeus degalhas a good coverage of firms: Austria,
Belgium, Finland, France, Germany, ltaly, Portu§dain, Sweden, United Kingdom; the period
is 1998-2004.
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Further light on the link between regulation, reallocation and praducti
ity growth can be provided by formal econometric analysisigufirm-
level data. This makes it possible to explore the &ffe€ inappropriate
regulations on firm-level productivity while accounting fogterogeneity
in firm characteristics. Limits in the availability oomparable firm-level
data have so far restricted the number of cross-coumtpjrieal studies of
this kind. Most available studies have therefore focusefitmAevel pan-
els in individual countries. Moreover, most firm-level sésdof the com-
petition-performance nexus have used measures of coimpdidsed on
market outcomes, such as entry rates, markups, markesstraconcen-
tration indices (Nickell, 1996; Blundell et al., 1999; Aghienal., 2004,
2005, 2006; Forlani, 2011). Here we report results from three rendtit
country firm-level studies that have explicitly focusadthe role of barri-
ers to entry imposed by regulation.

Klapper et al. (2006) looked at the effect of entry reguhat as meas-
ured by the World Bank Doing Business indicators (W&hk, 2004),
on entry rates, the size of entrants and their laboodyativity growth
rates in a two-year (1998-1999) panel of European firmsredvey the
Amadeus database. They note that depending on their destignregyula-
tions can play the alternative roles of screening the mbisieet firms or
protecting inefficient incumbents. They test which of thedes has been
predominant using a difference-in-difference approachyTimd evidence
that regulations curb entry, increase the average sifieraf at entry and
lower the labour productivity growth of incumbents, stronglggesting
that these regulations are sheltering them from comgetitiessures. The
implications for resource reallocation are clear: inappate entry regula-
tions tend to hamper the efficiency-enhancing role of fiiemographics,
distort the size distribution of firms and negatived§fect aggregate
productivity by lowering the incentives to improve efficierinyexisting
firms.

Daveri et al. (2010) focus on the direct effects of erdggulations on
MFP growth of service sector firms in Italy and France over the 2093-
period. They measure regulations with detailed sersémtor information
provided by the OECD for retail distribution, transpomenunications
and the professional services. They proceed in two stegisthizy estimate
the impact of entry restrictions on the market powenafimbents in these
regulated sectors (as measured by mark-ups) and tlae ttds indicator
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of market power to the MFP growth of incumbents in theesaectors.
They find that regulations curb firm-level productivityogith in regulated
industriesvia a higher mark-up, namely regulations weaken competitive
pressures and weaker competitive pressures slow dowgierffy im-
provements.

Figure 9. Percentage increase in MFP from easing an  ticompetitive regulation
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Source: Table 1 columns 1 and 3 in Arnold, Nicoletti and Scarpetta (2011).

Notes: * Dynamic firms are defined as firms that catch up to the global frontier in their respective sector. ® One standard
deviation change is equivalent to moving from the level of regulation prevailing in Greece (one of the most regulated
countries according to the OECD regulation impact indicators) to a situation of best practice regulation corresponding to
adopting the least anticompetitive regulations observed in the OECD area in all sectors.

Arnold, Nicoletti and Scarpett@2011) take a broader approach to in-
vestigate the impact of entry regulations on MFP dgnowhey take into
account both the direct effects of regulations on firmedpctivity in reg-
ulated non-manufacturing sectors (the “upstream” sectom)the indirect
effects of such regulations on firms in other (“downstr§asectors via
intersectoral linkages, using the OECD indicators of edgui impact.
They also account for firm heterogeneity by distinguistbegveen “dy-
namic” firms that catch up rapidly to the global frent{for their sector)
and firms that do not (the “non-dynamic” firnf§)Their main results are
summarised in Figure 9. Anticompetitive regulations are foarmitb the
productivity growth of all firms, dynamic and non-dynamichioth up-
stream and downstream sectors. On average, a subseadiad) of such

2 Arnold, Nicoletti and Scarpet@011) also distinguish between two sources ofyamwtr
strictions, domestic and border barriers (proxigdbI restrictions). They find that these barriers
are more harmful for dynamic firms that more rap@pproach the global frontier.
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regulations is estimated to increase the productivity tirdwy over 1 per
cent, implying an increase of over 10 per cent in the lef/ehultifactor
productivity in the long run. Interestingly, the estimatedease is signifi-
cantly stronger for dynamic firms. Hence, regulation mayehaegative
effects on the efficiency of resource reallocation bgpdiportionately
hitting those firms that are driving improvements in aggte productivi-

ty.

4. Concluding remarks

In this paper, we discuss theory and evidence thaerdlferences in the
efficiency of resource reallocation and productivity fpanance across
countries to anticompetitive product market regulations. Véeige evi-

dence that such regulations differ across countries andtiiefuand have
changed over time. Drawing on recent empirical studiedindehat regu-

lations are of importance for performance.

We highlight three main sets of results:

There is solid evidence that the pace and depth of pradaiket re-
forms are important for understanding both productivity ssource allo-
cation outcomes. Countries and industries where direct aimddnhcegula-
tory burdens are lighter have generally experiencechitjgest GDP per
capita and productivity growth rates in the studies we haveged.

Evidence at the firm level suggests that where regyldiordens are
lighter, the reallocation of resources towards the highesluptivity firms
is stronger. Moreover, firm-level productivity growth is@lcurbed by
anticompetitive regulations.

The implications of inappropriate regulations for produittiyperfor-
mance are estimated to be quantitatively important. Thesefeforming
such regulations can provide a significant boost to pafegtiowth in
OECD economies.

The adverse effects of anticompetitive regulation on pedoce are
often found to be non linear, with their intensity dependinghencharac-
teristics of countries, industries and firms. Some stfiiesthe effects to
be more severe for industries closer to internationat peactice and/or
using more intensively new information technologies andirfims that are
more dynamic. However, there is no consensus on the exigmliraction
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of such differential effects and further researchesded to elucidate the
interaction of regulation with levels of development arelhibterogeneity
of industries and firms.
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Comment on Arnold, Nicoletti and
Scarpetta: Regulation, resource
allocation and productivity growth

Mika Maliranta’

This paper addresses a topic that is both interestimfof utmost im-
portance: how can policymakers raise the productivity lefe nation?
Many agree with Paul Krugman’s (1997) famous assertidriritthe long
run, productivity “is almost everything”: it is the keyiwkr of long-term
economic growth and thereby, it is essential for theestibg well-being
of citizens (see Sacks et al.,, 2010). In fact, multi-fagooductivity
(MFP), which measures the efficiency of total input use, isadily a more
ideal indicator of welfare than per capita output (ki) 2001). From a
policy perspective, it is crucial to note that MFP camease via two fun-
damentally different channels: 1) technical change (@dyctivity growth
within plants/firms) and 2) the reallocation of inputsthose firms (and
plants) that can use them more efficiently.

The authors provide an excellent account of the theotetichempiri-
cal literature that emphasises the great importanctheof(re)allocation
process. It capably explains productivity growth over timat-east in
some countries (OECD, 2003; Petrin et al., 2011) — and explaing- diffe
ences in productivity levels across countries (e.g., Baréglsghal., 2009;
Hsieh and Klenow, 2009). In Finland, for example, an increapeonfuc-
tivity-enhancing restructuring in the mid-1980’s, especiatiyween con-
tinuing plants, was essential for catching up with theritional produc-

Y ETLA, the Research Institute of the Finnish Eqogand University of Jyvaskyla, School
of Business and Economics, mika.maliranta@etla.fi.
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tivity frontier in the manufacturing sector that took gdoy the mid-
1990's. Interestingly, intensified creative destruction coirttidery close-
ly with the deep-running deregulation of both the produdttas financial
markets since the mid-1980’s (Honkapohja et al., 2009; Madirahtal.,
2010).

As pointed out by the authors, a large number of factoyshimaler re-
sources from being reallocated in a manner that isadésifrom the point
of view of society as a whole, at least in the long iearly, there is a
great demand for convincing empirical evidence regarding pthley
measures by which a government may facilitate “cread®struction”, not
least of all because long-term gains (i.e., what constittite creative ele-
ment) may materialize through indirect channels thatoftlen hard to
discern. This study pays special attention to one sucthanexn: how
regulations in upstream industries may curb productivity-ecihg re-
structuring in downstream industries.

Another reason why comprehensive analyses and discussiohss of t
topic are badly needed is that restructuring mechanaedikely to in-
volve considerable challenges for some people. This maphdelace
where the growth-enhancing aspect of social securitikédylto play a
role. When well designed social welfare policies afectif/e, they cannot
only facilitate the political acceptance of some painbdls for growth
(like deregulation) but also encourage workers to ségher-productivity
jobs and firms to create those jobs in the midst of ircgsseative de-
struction (Acemoglu and Shimer, 2000).

Indicating the motivation for the study, Figure 2 documentterest-
ing negative relationship between the stringency of produdteneegula-
tions (eve) in the years 1985-1995 and thecelerationof MFP growth
after 1995. In fact, the correlation is even more pronounced tileeMFP
number for Finland is corrected from the erroneeli$ percent figure to
the correct 0.3 percent figure. However, this correlatiay e a tempo-
rary one. Although there are still considerable differencebeénlevel of
product market regulations across countries, it seemselynlikat MFP
levels between countries will continue to diverge at areasing rate in
the future! Interestingly, there seems to be a very strposjtive correla-
tion (r=0.62) between thehange(between the years 1985-1995 and 1996-

! O'Mahoney and Timmer (2009) provide evidence #dt15 countries have been lagging
behind the U.S. since the mid-1990’s in terms offMével.
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2007) in product market regulation and the acceleration of teRth.
This reflects the fact that those countries that hayperéenced decelerat-
ing MFP growth have typically also experienced the gstaderegulation
(i.e., the greatest decrease in regulation) since the mid< 988ly and
Spain, for instancé).

In its empirical analysis, the study makes use of the pogtdéic OP
indicator of allocative efficiency (Olley and Pakes, 19886 provides
some very interesting results. However, the method has solhknaan
limitations. Its standard version cannot capture theragpaontribution of
entries and exits, which is unfortunate since the recenaiitre underlines
the role of entries and exits (Bartelsman et al., 2009). Although entrants a
typically small and tend to exhibit low productivity levethey make a
positive contribution to the allocation component of the stah@idley-
Pakes method. Because the number of entrants is typically quietlaeq
contribution to the allocation component may be large (Mdirand
Maattanen, 2011). On the empirical side, it is interestingpte that coun-
tries like Spain and Italy seem to enjoy a high allseaefficiency (see
Figure 7) given that they seem to have a relatively low N&#vEl in the
market economy (O'Mahoney and Timmer, 2009).

In the future, it would be fascinating to use dynamic prtdte de-
composition to distinguish between the two types of redlmeafirm
turnover via entries and exits and the reallocation of inpet&ween con-
tinuing firms/plants. A recent study by Inklaar et al. (201@)gests that
the role of intersectoral linkage (in this case, betweamking and other
private-sector industries) in the two main channeisddistry productivity
growth (i.e., technical change and reallocation betweersfiilants) can
be successfully analysed by dynamic productivity decomposition.

References

Acemoglu, D. and Shimer, R. (2000), Productivity gains fammployment insur-
ance, European Economic Revidd, 1195-1224.

Bartelsman, E., Haltiwanger, J. and Scarpetta, S. (20M¥3suring and analyzing
cross-country differences in firm dynamics, in T. Dunnd.dgds.), Producer Dy-
namics, University of Chicago Press, Chicago.

2 There does not seem to be any statistically sigmnif relationship between the deregulation
(between the years 1985-1995 and 1996-2007) and dvi&ith (in the years 1996-2007).



102 Nordic Economic Policy Review, Number 2/2011

Honkapohja, S., Koskela, E., Leibfritz, W. and Uusitalo(ZR09), Economic Prosperi-
ty Recaptured. The Finnish Path from Crisis to Rapid @roMIT Press, Cambridge
MA.

Hsieh, C-T. and Klenow, P.J. (2009), Misallocation and matwriag TFP in China
and India, Quarterly Journal of Economics 124, 1403-1448.

Hulten, C. (2001), Total factor productivity: A short bigghg, in C.R. Hulten et al.
(eds.), New Developments in Productivity Analysis, Ursitgrof Chicago Press (for
NBER), Chicago.

Inklaar, R., Koetter, M. and Noth, F. (2010), Banking madeetpetition, firm dynam-
ics, and aggregate growth, manuscript, University oeGirmen.

Krugman, P. (1997), The Age of Diminished Expectations: BcBnomic Policy in
the 1990s, MIT Press, Cambridge MA.

Maliranta, M. and Maattanen, N. (2011), Allocation and ingystoductivity: Under-
standing the role of firm dynamics, manuscript, ETLA, ks

Maliranta, M., Rouvinen, P. and Yla-Antilla, P. (2010), &imd's path to global produc-
tivity frontiers through creative destruction, Internatidheoductivity Monitor20,
68-84.

O'Mahoney, M. and Timmer, M. (2009), Output, input and pradticimeasures at the
industry level: The EU KLEMS Database, Economic Joutt8l F374-F403.

OECD (2003), The Sources of Economic Growth in OECD CmstOECD, Paris.

Olley, G.S. and Pakes, A. (1996), The dynamics of productivitye telecommunica-
tions equipment industry, Econometrig4, 1263-1297.

Petrin, A., White, T.K. and Reiter, J.P. (2011), Impafgplant-level resource realloca-
tions and technical progress on U.S. macroeconomic grtV@ER Working Paper
16700.

Sacks, D.W., Stevenson, B. and Wolfers, J. (2010), Sulgestili-being, income,
economic development and growth, CEPR Discussion Paper 8048.



Human capital and productivity
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Summary

This paper surveys the empirical literature on human alagoiid producti-
vity and summarizes the results of my own work on thgestt On bal-
ance, the available evidence suggests that investmemtugateon has a
positive, significant and sizable effect on productivity gtowloreover,
according to my estimates, the social returns to imest in human capi-
tal are higher than those on physical capital in most &lhtcies and in
many regions of Spain.
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One of the most distinctive features of the “new” tieoof economic
growth has been the broadening of the concept of capital. Wénilgional
neoclassical models almost exclusively focused on the acdionuiaf
physical capital (equipment and structures), more recent loottns have
attributed increasing importance to the accumulation of huragital and
productive knowledge and to the interaction between these getors.
However, the empirical evidence has not always beenstensiwith the
new theoretical models. In the case of human capit@aiticular, a num-
ber of studies have produced discouraging results. Educationablea
are often not significant or even enter with the “wromsgjn in growth
regressions, particularly when these are estimated aifferenced speci-
fications or panel techniques. The accumulation of negatiselts in the
literature during the second half of the nineties generagedveing skepti-
cism about the role of schooling in the growth processeard led some
authors (see in particular Pritchett, 2001) to seriouslyidenthe reasons
why educational investment may fail to contribute to progitgtgrowth.

Many researchers in the area held on to more optomiiivs, howev-
er. They (we) argued that the negative results found in certaiestuamlild
be explained by technical problems that have a gredttaet with the
difficulty in correctly measuring human capital. Thidide provides a
quick review of several strands of a literature that igies/ evidence in
support of this hypothesis and a more detailed summary of my ann w
on the subject. The paper is organized as follows. Settigketches the
theoretical framework that has guided most studies ordhtribution of
education to economic growth, reviews the main empirical spatidns
used in the literature and briefly discusses sonits dfey results. Section
2 highlights some of the shortcomings of the cross-country Bobatata
sets most commonly used in the early empirical liteegtdiscusses their
implications for attempts to estimate the contribution déication to
productivity growth and introduces a convenient indicatodath quality
that can be used to quantify the information content ofreltive school-
ing series and to estimate the size of the bias caysewhsurement error.
Section 3 summarizes the main findings of a series of paerse writ-
ten, mostly in collaboration with Rafael Doménech. In ¢hpapers, we
construct new attainment series for 21 OECD countries@rttié regions
of Spain, develop measures of the information conterteasfet and other
schooling series and estimate a variety of growth spatifins for both
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samples. Using these results, we have also construcssd af meta-
estimates of the coefficient of human capital in an aggregate Cobglas
production function that corrects for the downward biaseggrd by
measurement error. With this correction, we find thatcthetribution of
investment in human capital to productivity growth is pesj quite siza-
ble and implies rather respectable social returns thamdat territories in
our two samples, compare quite favorably with those on physaqatal
and suggest that important externalities may be at work.

1. Human capital and economic growth: An overview of the
literature

Theoretical models of human capital and growth are builtrardlie hy-
pothesis that the knowledge and skills embodied in humaestlgtiraise
productivity and increase an economy's ability to developaaiogt new
technologies. In order to explore its implications and openatiy for its
empirical testing, this basic hypothesis is generally &imad in one of
two (not mutually exclusive) ways. The simplest one involag®ducing
the stock of human capital (which will be denotedHbyhroughout this
paper) as an additional input in an otherwise standard aggregate jmmoduct
function linking national or regional output to the stodfsproductive
inputs (generally employment and physical capital) andntandex of
technical efficiency or total factor productivity (TFP). Thea@&d possibil-

ity is to includeH in the model as a determinant of the rate of technologi-
cal progress (that is, the rate of growth of TFP). Tihislves specifying a
technical progress function that may include as additiargdiments some
indicator of investment in R&D and a measure of theHtetogical gap”,
that is, of the distance between each country’s produadtnblogy and
the best practice frontier. | will refer to the firdt these links between
human capital and productivity kel effectgbecause the stock of human
capital has a direct impact on the level of output) antidcsecond aste
effects(becaused affects the growth rate of output through TFP). Box 1
develops a simple model of growth with human capitdl filranalizes the
preceding discussion and incorporates both effects.
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Box 1. A descriptive model of human capital and growth

This box develops a simple model of growth and human capaalhias
two components: an aggregate production function and a techn@zal p
gress function. The production function will be assumed to beedC tbb-
Douglas type:

Y= AKSH™ LT, (B.1)

where Y, denotes the aggregate output of territoat timet, L, is the
level of employment,K, the stock of physical capitak, the average
stock of human capital per worker, generally measuredchgol attain-
ment, andA, an index of technical efficiency or total factor prodkity
(TFP) which summarizes the current state of the techn@agycaptures
omitted factors such as geographical location, climajtutions and
endowments of natural resources. The coefficiemtqwith i = k, h, 1)
measure the elasticity of output with respect to tbekst of the different
factors. An increase of 1 percent in the stock of hucaguital per worker,
for instance, would increase output loy percent, holding constant the
stocks of the other factors and the level of technical efffogie

Under the standard assumption that (B.1) displays constanhseb
scale in physical capital and labor while holding averafi@nment con-
stant, (i.e. thatr, +a, =1), we can define a per capita production function
that will relate average labor productivity to averageosling and to the
stock of capital per worker. Lettin@ =Y/ L denote output per worker and
Z =K/L the stock of capital per worker and dividing both sidegBaf)
by total employment,., we have:

Q= AZ% H™. (B.2)

The technical progress function describes the determsinahtthe
growth rate of total factor productivity. | will assuntet countryi's TFP
level can be written in the form:

A =BX, (B.3)

where B, denotes the world “technological frontier” (i.e. the maximum
attainable level of efficiency in production given the euntrstate of scien-
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tific and technological knowledge) and, = A /B is (an inverse indica-
tor of) the “technological gap” between countrgnd the world frontier. It
will be assumed thaB, grows at a constant and exogenous gtend that
the growth rate ofX, is given by

A =V =A% + Y H,, (B.4)

where x, is the log of X, and y,, is a country-fixed effect that helps con-
trol for omitted variables such as R&D investment. biotihat this specifi-
cation incorporates a technological diffusioncatch-upeffect. If A >0,
countries that are closer to the technological frontidrexiberience lower
rates of TFP growth. As a result, relative TFP levalstend to stabilize
over time and their steady-state values will be parthgrddgned by the
level of schooling.

Some recent theoretical models suggest that the accumuéatioman
capital may give rise to important externalities that wouldfjusbrrective
public interventions. The problem arises because sonie dfenefits of a
more educated labor force will typically “leak out” agdnerate output
gains that cannot be appropriated in the form of highetiregs by those
undertaking the relevant investment, thereby driving a wedgjgeen the
private and social returns to education. Lucas (1988), fomgbea sug-
gests that the average stock of human capital atcweoeny-wide level
increases productivity at the firm level, holding the f&rown stock of
human capital constant. It is also commonly assumed libatate effects
of human capital on technical progress include a largeredity compo-
nent because it is difficult to privately approprigte full economic value
of new ideas. Azariadis and Drazen (1990), and implicitgo dlucas
(1988), stress that younger cohorts are likely to benefit from the knowledge
and skills accumulated by their elders, thus generatignpally im-
portant intergenerational externalities that operatd ladthome and at
school. The literature also suggests that human capitaje@erate more
diffuse “civic” externalities, as an increase in theadional level of the
population may help reduce crime rates or contribute to the development
more effective institutions.
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1.1 From theory to data: Alternative approaches to empirical analysis

Empirical studies of the effects of human capital on prtdity (or more
broadly, of the determinants of economic growth) haveodad one of
two alternative approaches. The first involves theifipation and estima-
tion of anad-hocequation relating growth in total or per capita outpua t
set of variables that are considered to be relevanteobakis of informal
theoretical considerations. The second approach is bagbé estimation
of a structural relation between the level of outpuit®rgrowth rate and
the relevant explanatory variables that is derived faonexplicit theoreti-
cal model built around an aggregate production function arssitgy, a
technical progress function of the type described in Box 1s Dhsic
framework for the “structural” analysis of the detémants of growth can
give rise to a large number of empirical specificatiorsn& of the most
common examples are discussed in Box 2. The production funetiobec
directly estimated with the relevant variables exprsselevels or in
growth rates when reliable data are available for tbekstof all relevant
production inputs. Alternatively, its parameters can bevweed from
other specificationscbnvergenceandsteady stateequations) that are de-
signed for estimation when only data on investment flowshdrathan
factor stocks) are available. These specifications eddsived from a
production function by replacing factor stocks or their growdtes by
convenient approximations in terms of investment ratesgusie proce-
dure developed by Mankiw et al. (1992) within the framework géaer-
alized Solow model with several types of capital.

Box 2. Some common empirical specifications

For estimation purposes, it is generally convenient to wetk the pro-
duction function written in logarithms or in growth ratésing lower case
letters to denote logarithms, and the combination of lowaee d¢etters and
the symbol A” to denote growth rates, the production function given by
equation (B.1) in Box 1 yields the two following specifications:

Ye=a tak tah+al +g, (B.5)

Ay, =Ag, +a Ak +a, AR +aA) +Ag (B.6)
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where g, and Ag, are stochastic disturbances.

One difficulty that arises at this point is that btlese equations con-
tain terms that are not directly observable (in pagicthe level of TFP,
a,, or its growth rateAa, ). To proceed with the estimation, it is neces-
sary to make further assumptions about the behavior of these ®iffer-
ent assumptions will generate different econometric dpatidns. The
simplest possibility is to assume that the rate of tieehprogress is con-
stant over time and across countries, i.e. tkgt= g for alli andt. In this
case,g can be estimated as the regression constant in eqBt&nand
a, is replaced in equation (B.5) g, + gt, wherea, andg give rise to
country-specific constants and a common trend, respecti&elalterna-
tive and more sophisticated approach involves specifyiag as a func-
tion of other variables in equation (B.6). One possibleifipation is the
one given by the technical progress function describedjbgt®ns (B.3)
and (B.4) in Box 1.

When data on factor stocks or their growth rates ateawailable (or
are not considered reliable), a generalized Solow modelbeaused to
approximate these variables in terms of observed invesnaiest In such
a model, the long-term equilibrium values of factor ratios simple func-
tions of investment rates, and the behavior of thesesrati@y from such
an equilibrium can be approximated as a function of investrages and
initial output per worker. If we are willing to assunfat most countries
are reasonably close to their long-run equilibria, eqna¢B.5) can be
replaced by an equation relating output per worker to investraéeg in
physical and human capital. Otherwise, the relevant equatibmvolve
the growth rate of output and it will include initial outgper worker as an
additional regressor in order to pick up transitional dynamlong the
adjustment to the long-run equilibrium. Two rather standpedifications
of the resultingsteady statendconvergence equatiorfahich do not al-
low for rate effects) would be

ax In Skt + a, In Shit ,
1-aa, o+g+n. l-a,-a, o+g+n

G =g + gt+ (B.7)

and
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Aq, =g+ B(a + )+
,3[ a, In St ay [ St ]_'Bqt_ (B'8)

+ n
l1-aa, O+g+n, l-a,-a, o+g+n

whereq is the log of output per workes, and s, stand for investment in
physical and human capital measured as a fracti@D®, n for the rate of
growth of employment or the labor force addfor the rate of depreciation
(which is assumed to be the same for both typespital). Parametef
measures the speed of convergence towards therdongguilibrium or
steady state and can be shown to be a functioheofiégree of returns to
scale in both types of capital considered jointhyl af the length of the
period over which we are taking observations.

1.2 Empirical evidence: A bird’s eye view

A large number of empirical studies have analyzeal relationship be-
tween human capital and economic growth using iffereint specifica-
tions outlined abové Early attempts in this direction, by and largep-pr
duced positive results that tended to confirm eodsts’ traditionally
optimistic views regarding the macroeconomic payoffinvestment in
education. Landau (1983), Baumol et al. (1989)r®61991) and Mankiw
et al. (1992), among many others, find a varietgddicational indicators
to have the expected positive effect on output gno®uring the second
half of the nineties, however, a new round of erogirpapers produced
rather disappointing results on the effects of stthg on aggregate
productivity. Unlike most previous studies, most tbEse papers used
pooled quinquennial data and relied on either pgewiniques or the use
of differenced specifications to control for unabv&sl country heterogene-
ity. In this setting, educational variables wer&enffound to be insignifi-
cant or even entered with the “wrong” sign in griowgressions (see, for
instance, Benhabib and Spiegel, 1994, Islam, 188Selli et al., 1996 and
Pritchett, 2001).

While some researchers have been willing to také sounterintuitive
results at face value, many others have been rakemtical (see, for in-

! For a more detailed survey of the relevant literat see Section 3 of the Appendix to de la
Fuente and Ciccone (2003).
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stance, Barro, 1997). These authors have tended to attrilgaéveere-
sults on schooling and growth to various econometric and Bjzith
problems and poor data quality. Measurement error, in parjtas been
widely recognized to be a potentially important problemtfvo reasons.
First, because the series of average years of schoolingadgnosed in
the literature are likely to contain a great deahoise and, second, be-
cause years of schooling can be expected to be a very imperésiirmef
skills in any event. In addition, the first problem lkely to be particularly
important in a panel setting, where parameter estimatgdieavily on the
time-series variation of the data, because measurementagising from
changes in classification and data collection critégizds to generate a
great deal of spurious volatility in the schooling seriest thill make it
difficult to identify its contribution to productivity growth.

Although it is too early for the issue to have been kmively settled,
my reading of the evidence accumulated over the last decaateis opti-
mistic. We have good reasons to believe that the negathudts found in
some of the previous literature can indeed be largelyattd to deficien-
cies in the human capital data used in earlier stuBegsers making use of
improved data sets on attainment or econometrically alpdor meas-
urement error strongly suggest that increases in avecgmling do in-
deed have a substantial impact on productivity growtle fidsults are
generally even stronger and sharper when direct meastisddll levels
are used to proxy for human capital, suggesting that imprensnin the
guality of schooling can have an even larger effect onegade output
than increases in its quantity.

The wave of negative results on the growth effects of eduditimoc-
curred in the second half of the nineties is cleagyociated with the intro-
duction of panel data techniques. While early studieedebn cross-
section data (working with a single observation per couhtiyy described
average behavior over a period of several decadesliestin the second
group have used several observations per country, taken ovear gieyi-
ods, and have employed panel techniques or differencedispiéans that
basically eliminate the cross-section variation in the ddt@deroceeding
to the estimation. While theses estimation technigae® the important
advantage that they control for unobservable differencesss countries,
they also have some disadvantages. Perhaps the mais tha¢ they are
more sensitive to measurement error in the datrass tend to be greater
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in the time-series than in the cross-section dimensioause they tend to
cancel out when we work with averages over long periods. ss/é al-
ready noted, this suggests that a possible explanatiohdanegative re-
sults obtained in panel data studies is related @¢opthor quality of the
schooling data that have been used until recently in bty literature.
As we will see below, most of the earlier databases on interniasicimaol-
ing levels contain large amounts of noise that can bedrback to various
inconsistencies of the primary data used to constherht The existence
of this noise induces a downward bias in the estimationeo€dkefficients
that measure the impact of human capital (that isndency to underesti-
mate their values) because it generates spurious vayidbilihe stock of
human capital that is not matched by proportional changéilevel of
productivity.

A number of recent studies provide evidence that is stamgiwith this
hypothesis. Starting with Krueger and Lindhal (K&L, 2001), sootbas
have constructed statistical indicators of the inforomati content of dif-
ferent attainment seriese(iability ratios) that can be used to calculate the
likely size of the attenuation bias and conclude that the valuésoftio is
sufficiently low to explain the lack of significance of educadiandicators
in previous studies. Other authors, including Cohen and (8066¥), de la
Fuente and Doménech (D&D, 2001a, 2001b, 2006) and Barro and Lee
(2010), have tried to improve the signal-to-noise ratio in dtieooling
series by exploiting new sources of information anduhicing different
corrections. They find that the results concerning timgaict of education
on growth improve considerably when these revised sareessed. | will
return to these issues in much greater detail in the next tworsect

Another interesting development is the use of cross-countayctadi-
rect measures of skill that may provide better prokieghe stock of hu-
man capital than years of schooling. While such datatéreather scarce,
some recent papers suggest this to be likely to beyafuetful line of
research. Hanushek and several coauthomastruct indicators of labor
force quality using mean country scores in a number ofniatenal stu-
dent achievement tests in mathematics, science adihgeavhile Cou-
lombe et al. (2004) use data drawn from IALS, an interndtistoaly on
the skill level of the adult population conducted by the OE®Dd Statis-

2 See among others Hanushek and Kimko (2000) andstesk and Woessman (2008, 2009).
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tics Canada. In both cases, the results of growth grespoint to even
larger output effects than those obtained using revisadhieient data.
While not entirely free of problems, these estimates wmest that the
quality of education is likely to be at least as importsits quantity and
that the return to improvements in schooling quality ddug extraordi-
narily high, for not only are their expected benefits ldvgethe relevant
costs will generally also be much lower than those of increagamigraent
for they do not involve a further sacrifice of student time angutut

2. Cross-country data on schooling: Problems and
consequences

Most governments gather information on a number of educatiodiab-
tors through population censuses, labor force surveys and|gsetiEtud-
ies and surveys. Various international organization®ecbthese data and
compile comparative statistics that provide easily adgesand (suppos-
edly) homogeneous information for a large number of counffies most
comprehensive regular source of international educaticiadilstics is
UNESCO's Statistical YearboakThis publication provides reasonably
complete yearly time series on school enrollment ratelg\ml of educa-
tion for most countries in the world and contains some datée educa-
tional attainment of the adult population, government expemeditan
education, teacher/pupil ratios and other variables of intérest.

The UNESCO enrollment series have been used in a faxgber of
empirical studies of the link between education and prodtyctin many
cases, this choice reflects the easy availability anddocoverage of these
data rather than their theoretical suitability fbe tpurpose of the study.
Enrollment rates can probably be considered to be aptatde, although
imperfect, proxy for the flow of educational investment lhgytare not
necessarily a good indicator of the existing stock of huoapital since
average educational attainment (which is often the nmegeisting varia-

% Other useful sources include the UN's Demograpbirbook, which also reports educa-
tional attainment levels by age group and, in regears, the OECD's annual report on education
in its member countries (Education at a Glance)clwhontains a great deal of information about
the inputs and outputs of the educational system.
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ble from a theoretical point of view) responds to enrolliftows only
gradually and with a very considerable lag.

In an attempt to remedy these shortcomings, a numbersehirchers
have constructed data sets that attempt to directhsune the educational
stock embodied in the population or labor force of laz@eples of coun-
tries during a period of several decades. These datda@etsgenerally
been constructed by combining the available data on attainmerst Veittel
the UNESCO enrollment figures to obtain series of ayergears of
schooling and of the composition of the population or labor foycedu-
cational level. The best known early attempts in this lieetlae work of
Kyriacou (1991), the first versions of the Barro and Lee data(1993,
1996, 2000) and the series constructed by World Bank reseaitlzer,
Jamison and Louat, 1991; Lau, Bhalla and Louat, 1991; Nehru. et al
(NSD), 1995).

In de la Fuente and Doménech (D&D, 2006) we briefly revibes
methodology used in these studies and compare the difidgmemtsets to
each other, focusing in particular on the OECD, wheeeqtimlity of the
available information should, in principle, be better thardéveloping
countries. The analysis of the different series reveatg significant dis-
crepancies among them in terms of the relative positions oy s@untries
and implausible estimates or time profiles for attlesasne of them. Alt-
hough the different studies generally coincide when compars@made
across broad regions (e.g. the OECD vs. LDCs in varmagraphical
areas), the discrepancies are very important whefoous on the group of
industrialized economies. Another cause for concern isetiiating esti-
mates often display extremely large changes in attihitevels over peri-
ods as short as five years (particularly at the secondary aaaytéetrels).

To a large extent, these problems have their originkeardeficiencies
of the underlying primary data. As noted by Behrman and Rosgtgz
(1994), there are good reasons to worry about the accuracy and consistency
of UNESCOQO's data on both attainment levels and eneolimates. Our
analysis of the different schooling data sets confirms dagnostic and
suggests that many of the problems detected in thesecaatbe traced
back to shortcomings of the primary statistics, which dioseem to be
consistent, across countries or over time, in their rreat of vocational
and technical training and other courses of study, and refle¢ames the
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number of people who have started a certain level of educatidnat
others, those who have completed it.

2.1 Attenuation bias and a measure of data quality

The poor quality of cross-country schooling data is a serauncern be-
cause it tends to obscure the relationship betweevattigbles of interest
and generates a tendency to underestimate the impact ahteapital on
productivity. To understand the origin of th#tenuation biascaused by
measurement error, assume the level of producti@ityp be a linear func-
tion of the stock of human capit&l, given by

Q=bH+uy (1)

whereu is a random disturbance. Given this relationship, variatin the
stock of human capital, will induce changes i, and the relative mag-
nitude of the variations in these two variables wilballus to estimate the
value of the coefficientb. Now, if H is measured with error, that is, if what
we observe is ndtl itself but a noisy proxy for it, say

P=H+e¢, (2)

where £ is a random measurement error term, then part o&piparent
variation in the stock of human capital (over time antbhss countries)
will be due to measurement ereothat is, it will be noise rather than a true
signal. Since such variations do not logically induce aspaese inQ,
this variable will appear to be less sensitivéHtthan it really is, thereby
biasing the estimated valuelofoward zero.

In summary, attenuation bias arises because measurermmaningo-
duces “noise” that tends to hide the true relationbeiwveen the variables
of interest. It can be shown that the size of the bias will be ifyerated
to the information content of the series, as measuyéts keliability ratio,

r. This indicator is defined as the ratio between thaaliand the sum of
the signal and noise contained in the data, that is,

varH _ varH
varP  varH + vae’

r

®3)
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wherevar H measures the signal contained in the series (i.e. thedrige
tion in human capital) andar & the noise that distorts 4tThis ratio is
very useful, first because it provides an indicator of the infoomaontent
of each series, and second because the error in theagst will be in-
versely proportional to its value. As a result, theatslity ratio can be
used to correct the attenuation bias so as to obtainstemsestimators of
the parameter of interest (i.e. estimators that atéiased in large sam-
ples).

SinceH and £ are not observed separately, reliability ratios cabeot
directly computed. They can, however, be estimated using @edgure
developed by Krueger and Lindhal (2001) whenever several poixies
are available for the variable of interest. Box 3 dbsrithis procedure
and an extension of it developed by de la Fuente and Doménech (2006).

Box 3. Estimating reliability ratios

Let R=H+¢& and P, = H +¢&, be two alternative proxies for the stock of
human capitalH. It is easy to check that if the error terms of te te-
ries, £ and &, , are not correlated with each other, the covariancedsst

P, and P, can be used to estimate the variancéiofvhich is the only
unknown magnitude in equation (3). It follows that, under tbssimption,

r, can be estimated as

R.P
ﬁzm, (B.9)
varP,

which turns out to be the formula for the OLS estonaif the slope coef-
ficient of a regression oP, on PF,. Hence, to estimate the reliability &f

we run a regression of the for® = c+ r,P.> Notice, however, that if the
measurement errors of the two series are posithm’n;elrated(E‘s‘l‘s‘2 > O)

“ Notice that the denominator of the last expresgioen in (3) implicitly assumes that the
measurement error term, is not correlated withl.

® Intuitively, regressingk, on B, gives us an idea of how wel, explains the true variable
H because measurement error in the dependent w&(iRplin this case) will be absorbed by the
disturbance without generating a bias. Hence,atri®ost as if we were regressing the true variable
on P .
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as may be expected in many casesyill overestimate the reliability ratio

and hence understate the extent of the attenuation biasethdly meas-
urement error.

In de la Fuente and Doménech (2006), we develop an extensiais of t
procedure that can be used to construct a minimum-variestimator of
the reliability ratio whenever more than two noisyxpes are available for
the same underlying variable, working under the maintainedngstion
that measurement errors are uncorrelated acrossseistaAs in Krueger
and Lindahl, the reliability ratia, of a given series of average years of
schooling (sayS,) is estimated by using, to try to explain alternative
estimates of the same variabl8, (with j#k). The main difference is
that, rather than running a set of independent pairwigeessions with
different data sets, the efficient estimator of thlébility ratio for a given
data set can be obtained as the slope coefficient of a restricted SUR model
of the form

R=c¢+rP+y for k=1..,K (B.10)

where we constraim; to be the same for all “reference” data sktsised
in the left-hand side of the system (B.10), &ndries over the last availa-
ble version of all data sets different frgmThe reliability ratio of Barro
and Lee’s (2000) data set, for instance, is estimated) ibese authors'
estimate of average years of schooling as the explanaoigble in a set
of SUR regressions where the reference (dependerdplesiare the aver-
age years of schooling estimated by Kyriacou (1991), Nehali ¢1995),
Cohen and Soto (2007) and de la Fuente and Doménech (2006) and the
slope coefficient is forced to be the same in alesa®ther versions of the
Barro and Lee data set, however, are not used as amefebecause the
correlation of measurement errors across the samdyfarfischooling
series is almost certainly very high and this witifefally inflate the es-
timated reliability ratio.
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3. Some results for the OECD countries and the Spanish
regions

The preceding discussion suggests two complementary wagieatihg
with the problems caused by poor schooling data. Otwetry to improve

the quality of the data by drawing on new primary souesekintroducing
various corrections to neutralize the effects of charigeclassification
criteria, and the other is to use estimates of religbihtios to correct for
attenuation bias. In a series of related papers, Rafael Doménech ahid mys
(D&D 2000, 2001a, 2001b, 2002, 2006, 2008) have followed both these
strategies using data for 21 OECD countries and foreb@ms of Spain.

In both cases, the first step has been to construct newelischseries
which attempt to increase the signal to noise ratithéncase of Spain (de

la Fuente and Doménech, 2008), the task has been relativglle simce

the required primary information is readily availabieghe decennial cen-
suses and in municipal registers, both of which have beepileahusing
clear and relatively stable classification criteria.

3.1 A new data set

The OECD series (de la Fuente and Doménech 2000, 2001b, 2006) re-
quired considerably more work. We first collected afloimation we
could find on the distribution of the adult population by educatitevel
in OECD countries. We used both international pulibcet and national
sources (census reports and surveys, statistical yearbodksnpublished
data supplied by national governments and by the OECBsponse to a
request for information that was accompanied by drpirgry version of
our data set). Next, we tried to reconstruct a plausiivie profile of at-
tainment in each country using all available data and a bitoofmon
sense. For those countries for which reasonably compleies seere
available, we primarily relied on national sources. Iher riest, we started
from the most plausible set of attainment estimates &laikround 1990
or 1995 (taken generally from OECD sources) and proceedetviatsk
trying to avoid unreasonable jumps in the series thatdconly reflect
changes in classification criteria. In some cases, thetremtion of the
series involved subjective judgments to choose among alterradnsus
or survey estimates when several were available. At timeshave also
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reinterpreted some of the data from international catipiis as referring
to somewhat broader or narrower schooling categories ttremeported
one® Missing data points lying between available census ohimmsa
were filled in by simple linear interpolation. Missing oh&dions prior to
the first census observation were estimated, whenevsibpmsby back-
ward extrapolations that made use of census informatip@attainment
levels disaggregated by age grdup.

3.2 How good are different schooling series?

In de la Fuente and Doménech (D&D, 2002, 2006), we use the procedure
described in Box 3 to estimate the reliability ratioshef series of years of
schooling most commonly used in the growth literature, ictisty our-
selves to the sample of 21 OECD countries covered by tlaesdatde-
scribed in the previous section. This indicator is congdd for several
transformations of the series of average years of schoatiagremoving
period means from all series so as to eliminate filtad effects. In partic-
ular, we estimate reliability ratios for years of schooling messin levels
(S.) and in logs(s,) , for average annual changes in both levels and logs
measured across successive quinguennial observatdhsad As, ) and
for log years of schooling measured in deviations from their conmgns
(st - $) . Notice thatAs, corresponds to annual growth rates apé s
is the “within” transformation often used to remove fixed affec

The results are shown in Table 1 with the different data arranged
by decreasing average reliability ratios. The last rotheftable shows the
average value of the reliability ratio for each typedafa transformation

® Clearly, the construction of our series involveiaia amount of guesswork. Our methodolo-
gy looks decidedly less scientific than the appdyemore systematic estimation procedures used
by other authors starting from supposedly homogesetata. However, even a cursory examina-
tion of the data shows that there is no such homeige Hence, we have found it preferable to
rely on judgment to try to piece together the ald@ information in a coherent manner than to
take for granted the accuracy of the primary datee results do look more plausible than most
existing series, at least in terms of their timefipg and, as | will show below, perform rather el
in terms of a statistical indicator of data quality

" A closely related paper, both in terms of its objexs and its methodology, is Cohen and
Soto (2007). These authors construct a schoolihg siet for a much larger sample of countries
using census and survey data from UNESCO, the O&£®@EHouse educational data base, and the
websites of national statistical agencies, togettigr enroliment rates from UNESCO and other
sources.
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(taken across data sets) and the last column disghieysverage reliability
ratio of each data set (taken across transformationg mean estimate of
the reliability ratio for all series and transfornoews is 0.335. Since this
variable must lie between zero and one (with zero indigahat the series
only contains noise and one that it is measured withoat)&rthis result
suggests that the average estimate of the coefficienchafobng in a
growth equation is likely to suffer from a substantialvnward bias, even
without taking into account the further loss of signal Hréges when addi-
tional regressors are included in these equationsdésése Fuente and Do-
ménech, 2006). The bias will be smaller when the data are used sdevel
logs, but is likely to be very large in fixed effects dfetenced specifica-
tions. The average reliability ratio is only 0.254 for theadatquinquenni-
al log differences and 0.090 for level differences takethatsame fre-
qguency.

Table 1. SUR estimates of reliability ratios, OECD  sample

Sit Si; AS; As; Si - Si As; - As; Average
D&D (2002) 0.754 0.775 0.337 0.769 0.917 0.246 0.633
C&S (2001) 0.806 0.912 0.330 0.467 0.547 0.185 0.541
D&D (2000) 0.720 0.761 0.100 0.550 0.818 0.074 0.504
Kyr. (1991) 0.723 0.600 0.024 0.065 0.111 0.026 0.258
B&L (2000) 0.707 0.603 -0.018 0.045 0.178 -0.016 0.250
B&L (1996) 0.559 0.516 -0.017 0.039 0.146 -0.007 0.206
B&L (1993) 0.526 0.436 -0.019 0.029 0.121 -0.017 0.179
NSD (1995) 0.278 0.330 -0.021 0.066 0.095 -0.115 0.106
Average 0.634 0.617 0.090 0.254 0.367 0.047 0.335

Source: de la Fuente and Doménech (2006).

Notes: All series are measured in deviations from their respective sample means in each period prior to estimation.
Key: D&D = de la Fuente and Doménech (preliminary and final versions); C&S = Cohen and Soto (data taken from the
working paper version published in 2001); Kyr = Kyriacou; B&L = Barro and Lee; NSD = Nehru et al.

Our results indicate that the importance of measuremeor varies
significantly across data sets, although their precise rankppends on the

8 This is true as long as the measurement errorstefithe different series are uncorrelated
with each other and with H. As can be seen in TabEome of our estimates of the reliability ratio
lie outside this interval, which implies some viata of this assumption. In de la Fuente and
Doménech (2002), we construct alternative estimaftesliability ratios under more general
assumptions and find that the required correctitmeot qualitatively change the results.
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data transformation that is chosen. Two of the datdsstate most widely
used in early cross-country empirical work, those byidopu (1991) and
Barro and Lee (various years), perform relatively wellen the data are
used in levels but, as noted by Krueger and Lindhal (2001),icorgay
little signal when the data are differenced. Effodsiricrease the signal
content of the schooling data seem to have been atpaditlly success-
ful, although the attenuation bias continues to be potentiatig laven in
these cases. Taking the average reliability ratioHer19996 version of the
Barro and Lee data set (0.206) as a reference, the 200@mewfsihese
series by the same authors has increased their intformeontent by 21
percent, while the estimates reported in Cohen and Soto (2001) and in de la
Fuente and Doménech (2002) raise the estimated relialatity by 162
percent and 207 percent, respectively.

3.3 Data quality and estimates of the growth effects of human capital in the
OECD

As we have seen in the previous section, the expectedtgefdhe atten-
uation bias is a decreasing function of the reliabibitjor of the series used
in the estimation. This suggests that the estimatea \aflthe coefficient
of human capital in a growth regression should incredttetiae quality of
the schooling data. In de la Fuente and Doménech (D&D, 2002, 2006) we
show this to indeed be the case. We estimate various isp#oiis of an
aggregate production function using the different schodernies for the
OECD countries analyzed in the previous section amaliee proxies for
the stock of human capital. We find that both the sizetl@dignificance
of the coefficient of schooling increase as expecteth Wit reliability
ratio. Finally, we exploit this correlation to construgtset of “meta-
estimates” of the parameter of interest that cosrémt measurement error
bias?

Results with different schooling series

The equations we estimate are derived from a Cobb-Doagjgsegate
production function with constant returns to scale thelutes as inputs

° A meta-estimate is an estimate that is not diyemttkained from the data but that is con-
structed using other primary estimates.
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the stock of physical capital, the level of employment and theagedevel
of education of the adult population. This equation is egtichan levels
(with the variables measured in logarithms), in leweith fixed country
effects and in first differences. In de la Fuente and Dweié (2002) we
also estimate a fourth specification in differenced thcludes fixed coun-
try effects and incorporates a process of technologichlsibh or catch-
up. In this specification, the rate of growth of TFPirectly proportional
to the technological distance between each country and $heahd the
fixed country effects capture permanent differences iR [Eivels that will
presumably reflect differences in R&D expenditure anérotmitted vari-
ables™

Table 2. Alternative estimates of the human capital coefficient (a,) using different
specifications and schooling series

NSD KYR B&L93 B&L96 B&LO0O C&S D&D0O0 D&DO02 Avge.

Levels 0.078 0.186 0141 0.165 0238 0.397 0407 0.378 0.249
(202) (2.18) (4.49) (4.82) (6.19) (7.98) (7.76) (6.92) (5.30)

Fixed eff. 0.068 0066 0136 0.115 0203 0.608 0627 0958 0.348
(0.76) (1.86) (3.30) (1.80) (3.74) (4.49) (3.99) (651) (3.31)

Differences ~ 0.079 0.009 0.089 0083 0079 0525 0520 0744 0.266
(0.70) (0.15) (252) (1.47) (1.28) (257) (217) (3.10) (L.75)

Catch-up -0.206 0014 0056 -0.007 -0.019 0573 0587 0540 0.192
(161) (0.29) (1.80) (0.11) (0.31) (3.52) (3.47) (2.89) (1.24)

Average 0.005 0069 0106 0089 0125 0526 0535 0.655
(047) (1.12) (3.03) (2.00) (2.73) (4.64) (4.35) (4.86)

Source: de la Fuente and Doménech (2002).

Note: Key: See the notes to Table 1.

These specifications are estimated using quinquenmit thr our
OECD sample that cover the period 1960-1990. All equations include
fixed period effects (dummy variables for the different sampleesidys).

10 All specifications are derived from equation (Bi2)Box 1 using average years of school-
ing (S) as a proxy for the stock of human capitd).(To indicate this, | user, (rather thana, )
for the coefficient of schooling in the productifrmction. The last specification (omitted from the
published version of the paper for space reasdss)iacorporates a technical progress function
similar to equation (B.4) in the same Box, excephiat the stock of human capital is omitted.
Hence, the estimated model does not allow foretfezts. We have tried to incorporate them but
the results are not satisfactory. This problemueetly arises in the literature. See de la Fuente
and Ciccone (2003) for a discussion of the reasdnsit may be difficult to separate the rate and
level effects of human capital.
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The estimates of the coefficient that measures #ieity of output with
respect to the level of schoolir(grs) obtained with the different specifica-

tions and schooling series are shown in Table 2. The lastowm of the
table show average coefficient values anatios for each data set comput-
ed across the different specifications, and the lasthoolreports the aver-
age values ofo, and the correspondingstatistic computed across data
sets for each specification.

The pattern of results that emerges as we changsothree of the hu-
man capital data is consistent with our hypothesis onintiportance of
educational data quality for growth estimates. For dH dats, the estimat-
ed value ofa, is positive and significant in the specification irvdés
without fixed country effects (first set of rows in the table), but ithe @nd
significance of the estimates increase considerably anave to the data
sets with higher reliability ratios (which correspoodhe last columns of
the table). The differences are even sharper when the estirsatapeated
with fixed country effects (second set of rows) or wiite data in growth
rates with or without a catch-up effect (third and fourth blocKsg rEsults
obtained with the Kyriacou, Barro and Lee and NSD dataowtl rates
are consistent with those reported by Kyriacou (1991), Beblaaid Spie-
gel (1994) and Pritchett (2001), who find insignificant (and sonest
negative) coefficients for human capital in an aggeegaoduction func-
tion estimated with differenced data. On the other hawnd series and
those of Cohen and Soto produce rather large and pretiimates of the
human capital coefficient in most equations and, in #ee ©f our pre-
ferred catch-up specification, also yield plausible valueth®fremaining
parameters of the model, with estimatesxpfclose to the share of physi-
cal capital in national income and positive technologiedth-up coeffi-
cients.

Correcting for measurement error bias

The results summarized in Table 2 strongly suggest that measueynognt
induces a large downward bias in estimates of human tagpééicients.
They also show that improvements in data quality redhbsehias and
generate results that are generally more favorable toiginethat invest-
ment in schooling contributes substantially to produgtigtowth. To
make this point visually, Figure 1 plots the variousnastes ofa, given
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in Table 2 against the corresponding SUR reliability safiaken from
Table 1), along with the regression lines that summaheerelationship
between these two variables for each of the spedditaestimated in the
previous section. The scatter shows a clear positiveelation between
OLS estimates of schooling coefficients and reliabildtias within each
specification and suggests that the true valueofs at least 0.50 (which
is the prediction of the levels equation for1).

As suggested by Figure 1, it is possible to extrapolateefadgionship
between reliability ratios and estimated human capdaefficients that is
observed across data sets in order to estimate the vadetiohit would be
obtained in the absence of measurement error. In this matisepossible
to construct meta-estimates of this parameter thatbsilfree of attenua-
tion bias, although this has to be done a bit more cardhdly what is
suggested by the figure when the growth equation includeticaddlire-
gressors.

Figure 1. Estimated a. vs. SUR reliability ratio
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Source: de la Fuente and Doménech (2006).

In de la Fuente and Doménech (2002, 2006) we use a procedui® of th
type to obtain consistent meta-estimatesapf Working with the three
linear specifications estimated above (that is, witho&lthem except the
catch-up model) and with different assumptions about theaaf meas-
urement error (in particular about its correlationoas data sets and with
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the remaining explanatory variables in the model), we oldéferent
estimates ofa, which are then adjusted to account for the possible bia
generated by the fact that we are working with the @eeedtainment of
the entire population rather than that of employed worlkerthis manner,
we generate a rather broad range of possible valueg fdunder what we
consider to be the most plausible assumptions, our resyitg values of

a, between 0.70 and 0.80.

It is worth noting that our smallest lower bound for the&gameter is
0.57. This is almost twice as large as Mankiw et al.’s (1€3#mate of
1/3, which could probably have been considered a consensigsfoathis
coefficient in the early 1990s and then came to be se@w agptimistic in
the light of the negative results in the literatundewed in the last part of
Section 1. Our estimates, in contrast, point to a consigehédther figure
and suggest investment in human capital is an importantigrfactor
whose effects have been underestimated in previous sasli@sesult of
the poor quality of schooling data.

3.4 Regional results for Spain

Our analysis of Spanish regional data yields qualébt similar conclu-
sions regarding the contribution of schooling to productivity.de la
Fuente and Doménech (2008), we estimate a catch-up spémificatng
biennial data for the Spanish regions covering the period 1965-TB85.
specification is identical to the one estimated aboveh®OECD sample
except in that physical capital is now disaggregated imtbocomponents,
one of which is the stock of productive infrastructuresn@port and water
supply networks and urban structures). As a proxy fostibek of human
capital, we use our own census-based attainment sariean alternative
estimate of average years of schooling constructed using e¥ad.’s
(MPUSS, 2002) series on the breakdown of the working-age papulati
attainment level. This series is based on Labor Forcee$ulata and,
presumably as a result of relatively small sample siz@asnumber of re-
gions, tends to be rather more volatile than our own series.

The estimates of the human capital parameter obtainéd lvath
schooling series are reported in Table 3. All equations icoqteriod
dummies. Equations (1) and (2) contain a full set of regjidmamies, and
equations (3) and (4) retain only those regional fixedctdf that were
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significant in the first iteration. An inspection of theble reveals two in-
teresting results regarding the coefficient of humaritaxla(ns) . First, this
parameter goes from being non-significant when the MPUSS (21202)
are used to having a large and significant value withattainment series.
This result is consistent with our estimates of itifermation content of
the two series, as the relevant reliability ratio is 0.900 for ouradataonly
0.035 for MPUSS's attainment series when both are measulaghiith-
mic differences. Second, our estimate @f for the Spanish regions
(0.835) is higher than those reported above for the OECD sasiplg a
similar specification (0.540 with a full set of country durasnand 0.394
when only the significant fixed effects are retain€f)ce more, the expla-
nation seems to lie at least partly in the inforoatontent of the different
data sets (the relevant reliability ratio for thedss-country attainment
series in de la Fuente and Doménech, 2006 was 0.246). In fadstour
mate of a, using Spanish regional data lies well within the raoféhe
meta-estimates obtained by de la Fuente and Doménech (20@H @D
countries after correcting for measurement error.

Table 3. Growth estimates with alternative schoolin g series and specifications

(1 (2] (3] 4]
S data from: MPUSS D&D MPUSS D&D
as -0.013 0.835 -0.013 0.835
(0.11) (2.04) (0.11) (4.13)
adj. R? 0.749 0.753 0.757 0.763
regional effects all all signif. signif.

Source: de la Fuente and Doménech (2008).

Notes: All equations include period dummies. White's heteroscedasticity-consistent t ratios in parentheses below each
coefficient. The employment ratio has been dropped from the equation due to its lack of significance.

3.5 Some implications

The results summarized in the previous sections have goportant im-
plications. If average schooling enters the production fumetith a coef-
ficient within the range of values we have estimatifferences in school
attainment are one of the key sources of productivity rdiffigals across
both the OECD countries and the regions of Spain andtmees in edu-
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cation yields a rather substantial return that, in nesttories, compares
quite favorably with that available from alternative istreent opportuni-
ties.

Figure 2. Contribution of schooling to relative pro ductivity in 1995
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Source: de la Fuente and Doménech (2008).

Notes: Key: An = Andalucia; Ar = Arag6n; As = Asturias; Ba = Baleares; Cn = Canarias; Cnt = Cantabria; CL = Castilla
y Leén; CM = Castilla la Mancha; Cat = Catalufia; Va = Valencia; Ex = Extremadura; Ga = Galicia; Ma = Madrid; Mu =
Murcia; Na = Navarra; PV = Pais Vasco; Ri = Rioja.

While | do not have the space that | would need to goany detalil, |
do not want to close this section without at least af laleboration on
these two statements. Using the estimates given in Talole the underly-
ing data, in de la Fuente and Doménech (2008) we have cattulze
contribution of schooling to the relative productivity of tBeanish re-
gions, defined as log real output per job measured iratiens from the
(unweighted) sample average of the same variable. Figur@dssthe
decomposition of the relative productivity of each regidn anschooling-
induced component and a residual that captures the joint impact dfeall ot
factors. Using regression weights to average therdifteregions, we find
that the share of schooling in relative productivity Waspercent in 1995
- that is, for the typical Spanish region, schooling accoiant4/10 of the
productivity gap with the sample averaged similar calculation for the

' We define the relative productivity of regior(due[) as the difference between the re-

gion’s log output per employed worker and the ageraalue of the same variable in the sample.
The contribution of human capital to relative protility (cq) is obtained multiplying the coef-

ficient of this factor,a, by the relative level of schooling (measured ig differences with the
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OECD sample implies a share of schooling in relative ptodiycof 30
percent.

Our estimates also imply that the social returns tc&tibn are quite re-
spectablé? Combining our results on the productivity effects of human
capital with rough estimates of its impact on employmentvatiddata on
educational expenditure, we estimate social rates ofnretunging from
10.1 percent to 12.6 percent in Spain and from 8.3 percent to 11.5tpercen
in EU15 In both samples, these returns compare quite favorably with
those available from alternative investment opportunities in tao#tbries

and they tend to be higher than what may be expected andfasicroe-
conometric estimates of the private returns to schooling,estigg that
important externalities may be at work. Both findings sugthes in most

of the territories we have studied, a marginal reatioa of investment
resources in favor of education would be socially desirable.

4. Conclusion

Academic economists have traditionally been rather ogtitnabout the
contribution of education to economic development and hawn a@fs-
signed a central role in formal models to the accumulatidmuman capi-
tal, particularly in the recent literature on endogenous throhhe results
of early empirical studies on the determinants of econarowth have
largely been consistent with this view. During the secofifddfidhe nine-
ties, however, a new round of empirical papers produceedrrditappoint-
ing results on the subject that sparked a lively contsyvia the literature
between “skeptics” and “believers” in the salutary effeaft schooling on
aggregate productivity growth.

geometric sample mean). After constructing theseuariables for each region, we estimate a
regression of the forres = a* grel + g, where g is a random disturbance. The coefficient

obtained in this manne Ocs/ grel , measures the fraction of the observed produgtivit

differential that can be attributed to human cajitahe sample as a whole.

2 The social rate of return to schooling is defiasdhe discount rate that equates the present
value of the increases in output induced by a matgncrease in average attainment to the present
value of the explicit and opportunity costs of salineg. For further details on how this magnitude
can be estimated, see de la Fuente (2003).

13 For additional details, see de la Fuente and Deaté(2008) and de la Fuente (2003).
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This paper contains a selective and rather opinionaéddw of some
of the relevant literature. After setting the stagdpcuses on a problem
(the poor quality of cross-country schooling data) that may dégblain the
discouraging results found in some influential studies, onilpessays of
overcoming this problem, and on what happens when thignis. d have
argued that due to various deficiencies of the primatg,dhe schooling
series used in the early empirical literature on gnoartd human capital
contain a considerable amount of noise that generates aswesyantial
downward bias in estimates of the parameter that measuresntindution
of educational attainment to productivity. This conclus®ibased on the
estimation of a statistical indicator of the inforroaticontent of the
schooling series most commonly used in the literature.alsis reinforced
by the finding of a clear tendency for human capital coefficienisecand
become more precise as the information content of the $cbatdta in-
creases. When this relationship is extrapolated tatmamsestimates of the
value of the schooling coefficient that would be obtainethénabsence of
measurement error, the exercise suggests that theaue of the elastici-
ty of output with respect to the stock of human capitalri®st certainly
no lower than 0.66- that is, around twice as high as the most optimistic
estimate of reference in the earlier literature mwgh and human capital.
If this conclusion is correct, investment in the quantitg auality of
schooling emerges as one of the most powerful policy lewaitable to
governments in order to influence productivity growth andmaltely, the
standard of living of their citizens.
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Comment on de la Fuente: Human
capital and productivity

Pekka llmakunnas

De la Fuente’s paper provides a useful synthesis of the results aatiedu
and aggregate productivity from the empirical growth liiéney emphasiz-
ing measurement issues and data quality. My commentsaitbakduca-
tion and productivity at a more disaggregated level. ItibeBrsome issues
that have been examined at the micro (individual, fitamt) level that
may have implications on the macro (country, region) level.

At the individual level, productivity is seldom directly obseatveut
there are outcomes, like earnings, that are correlatedovoductivity. On
the other hand, data on education (education years or dedfie@iesd) are
usually relatively reliable, coming from registers innpa&ountries. There-
fore, the measurement issues have not been centrabmgmied to the
endogeneity of education. However, it is increasingly acknowletiusd
the data used do not really measure what happens iatedudNe do not
really know what kinds of skills are generated and howl, ahich skills
are relevant for productivity. Research has startedvestigate the ‘black
box’ of education in more detail. The use of student achiemetest data
is an example of this development, and it has also beeie@aplthe mac-
ro level, as mentioned by de la Fuente.

At the firm or plant level, the connection between educatiod
productivity can be studied using linked employer-employé®. dia cases
where information on the educational level of employees iscbanr the
registered degrees of employees, the data are relialiieatsthe problems

" Aalto University School of Economics, pekka.ilmakas@aalto.fi.
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of measuring education have not been discussed much in rirdetiel
literature. There has been more discussion on measaviergge unob-
servable skills by using individual effects from a waggiation estimated
with both firm and individual effects (e.g. Abowd et al., 2005).

It is not uncommon to find that education (average edutgtars of
employees or the share of highly educated) is not signifaragven nega-
tively related to firm productivity (e.g. llmakunnas akiliranta, 2005).
Since educational data are more reliable than in theorstadies, this
negative result is not likely to arise because of nremsent problems.
Rather, it seems to be related to lags in the effefcisducation. When
firms hire new, highly educated workers, they may at tiheestaime reor-
ganize work and production processes, which leads to aptmm of
productivity in the short run, but to positive productivitfeefs in the
longer run.

Besides the level of education, the field of education may tedsof
importance. For example, llmakunnas and Maliranta (2005) fobatl t
highly educated workers with a business education haghar produc-
tivity than those with a technical education (i.e. the coieffit of the share
of workers with a business education is higher thah dhahe share of
technically educated). A plausible explanation is that the lateemvolved
in developing products and processes and the former gth commer-
cialization. The productivity effects do not show up un# tiew products
are in the market.

In addition to the average educational level, also educatiorskill di-
versity of the workforce is of importance. For example,ehmay be com-
plementarities of workers of different skills. The dauice so far is mixed
and partly depends on whether skills are measured bytemuoain some
other way (see e.g. llmakunnas and limakunnas, 2011).

Finally, besides the human capital stock, the flows of emrkf differ-
ent educational levels can also be used in measuringrddeqivity ef-
fects of education. When firms want to adjust the edocatilevel of their
workforce upwards, this happens through the inflow of highlycatbd
and/or the outflow of less educated workers. This opgnihe possibility
of measuring the productivity of education separately fadhistaying and
exiting workers (e.g. Maliranta et al., 2009). At the maexel, the flows
would be cohorts entering into and exiting from the working agelpep
tion, as well as immigration flows.
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Whether these features of firm-level research thevie described can
be applied at the macro level is an open issue and it is clearly éspemd
the availability of data. At least at the regional lewi¢hin some countries
it is possible to calculate measures of the distritoutif fields of education
and the dispersion of education years. Even the consinuatiindices for
average unobservable skills or flows of worker by educdtitenval for
regions could be possible in some countries. However, crossgeunat-
ysis is, of course, much more challenging.

At the firm/plant level, human capital (education andesigmce) only
explains a relatively small part of the productivitypdission across plants
(Syverson, 2011). At the macro level, the role of educationldibe more
important since it also picks up the external effeéteducation. There-
fore, the gains from developing more accurate ways of megstie ag-
gregate productivity impacts of education are notable.

References

Abowd, J.M., Haltiwanger, J., Jarmin, R., Lane, J., leen@nn, P., McCue, K.,
McKinney, K. and Sandusky, K. (2005), The relation among hunaitatgproduc-
tivity, and market value building up from micro evidence, in C. Corrado et al.
(eds.), Measuring Capital in the New Economy, Univedit@hicago Press, Chica-
go.

limakunnas, P. and limakunnas, S. (2011), Diversity at the wampWhom does it
benefit?, De Economist 159, Special Issue on Ageing Workf{o?@3s255.

limakunnas, P. and Maliranta, M. (2005), Technology, labour cteaistics and wage-
productivity gaps, Oxford Bulletin of Economics and Statis67, 623-645.

Maliranta, M., Mohnen, P. and Rouvinen, P. (2009), Is ifitariabor mobility a
channel of knowledge spillovers? Evidence from a linked eyeplemployee panel,
Industrial and Corporate Change 18, 1161-1191.

Syverson, C. (2011), What determines productivity?, Joufrit@anomic Literature
49, 326-365.






Productivity and international firm
activities: What do we know?

Joachim Wagner

Summary

This paper summarizes in a non-technical way what we know frguitiem
cal studies based on firm-level data about the mutuad lrgdtween inter-
national activities of firms and productivity. It is vgh with a view to
inform policy makers in an evidence-based way. A spdo@ls is on the
empirical evidence we have from studies using firmilalaa from the
Nordic countries. It is argued that this empirical enmedoes not provide
a sound basis for searching for similarities and diffees (and their caus-
es) between the Nordic countries, and the empirical eegepbrted cannot
gualify as stylized facts that can inform policy makersan evidence-
based way.

Keywords:International firm activities, productivity, firm-levelata, Nor-
dic countries.
JEL classification numbers$:14, F23, D22, L25.
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Productivity — the efficiency with which firms turn ingu{labour,
physical capital, energy, materials, managerial know-hotg outputs
(goods, services) — is important for the competitivenedsro§, regions
and countries on local, national and international marketsluetivity is
an important driver of growth and welfare. Therefore,dftugly of produc-
tivity has been a core topic in economics for a long time.

Empirical studies that use firm-level micro datarteestigate the de-
terminants and consequences of productivity differentidtween firms,
however, are of a more recent vintage. A case in point ift¢haetlre deal-
ing with the links between productivity and internatioriainfactivities.
This literature started with a Brookings paper by Bednand Jensen
(1995) that documents a positive exporter productivity premiuny$
manufacturing industries — exporting firms are more produtkiga non-
exporting firms of the same size from the same narroefineld industry.
During the past 15 years, economists all over the world baed firm-
level micro data to investigate productivity differenbetween exporting
and non-exporting firms and the direction of causality betwexport
activity and firm-level productivity (see Wagner, 2007, for a surveyyeMo
recently, researchers interested in the links betwatennational firm ac-
tivities and productivity have started to look beyond expant$ iavesti-
gate other forms of international firm activities fiants, foreign direct
investment, offshoring), to look beyond manufacturing and irgessti
services and the role of countries of origin and the rebgtitin of imports
and exports.

This literature on thenicro-econometrics of international firm activi-
ties inspired theorists to develop what is now labelledrtbe new trade
theorywhere heterogeneous firms that differ in productivity are ahélaet
of the theoretical modefs.

All this resulted in a mushrooming literatut&his paper summarizes
in a non-technical way what we know from this literatabeut the mutual

! Furthermore, other dimensions of firm performahesides productivity — like growth,
profitability, and wages paid — were also invedtega This literature, however, is beyond the
scope of this paper that has a focus on produgtiFir international firm activities and growth,
see Wagner (2002), for profitability Fryges and \Warg(2010), and for wages Schank et al. (2007,
2010).

2 The canonical model from this literature is Me({@003); Redding (2010) is a survey.

% For partial surveys, see Lépez (2005), Helpma®§20Greenaway and Kneller (2007),
Wagner (2007) and Hayakawa et al. (2011).
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links between international activities of firms and praddity with a view

to inform policy makers in an evidence-based way. Gtherfocus on the
Nordic countries of the conference for which this pawes prepared,
Table 1 summarizes the empirical evidence we have from studiag
firm-level data from the Nordic countriésThese studies will be discussed
in turn in the appropriate sections of the paper.

The rest of the paper is organized as follows. Sedtilmoks at exports
and imports. Section 2 deals with outward and inward foreiggttdin-
vestment. Section 3 looks at offshoring of activitiesdieign countries.
Section 4 summarizes what we know and what we do not know #isout
mutual links between international firm activities anddarctivity in Nor-
dic countries and elsewhere and discusses the policy implisation

41 am grateful for hints to papers on internatiolivah activities and productivity that are
based on firm-level data from Nordic countries #mat are not listed in Table 1. Given the topic
of the conference, the focus is on productivity andrnational firm activities. Other important
dimensions of firm performance that are closelidish to international firm activities include
survival, employment, profitability, innovation, dmages. Empirical studies using firm-level data
to investigate these links abound, and some gp#ipers covered in this survey at least touch upon
other issues besides productivity. Studies for Mocduntries from this literature that do not
discuss productivity but other dimensions of firerfarmance include the following: Survival
(Bandick (2010) on foreign ownership and plant stahin Sweden; Bandick and Gérg (2010) for
foreign acquisition in Sweden; Greenaway et al0g) 2009) for international trade and foreign
ownership with relation to firm exit in Sweden); plmyment (Bandick and Goérg (2010) for
foreign acquisition in Sweden; Deschryvere and téatia (2008) for offshoring of Finnish firms;
Ekholm and Hakkala (2008) for offshoring of Swediisms; Eliasson et al. (2010) on jobs and
exposure to international trade within the sergeetor in Sweden; Hummels et al. (2010) for
outsourcing in Denmark; Huttunen (2007) for foreapuisitions in Finnish establishments; Ibsen
et al. (2009) on the relation between export angbimdecision and employment growth in
Denmark; Lehto and Bockermann (2008) on the effettsoss-border mergers and acquisitions
on employment in Finland; L66f (2009) on trade anaployment growth in firms from
manufacturing and services in Sweden; Munch (20h0hternational outsourcing and job loss in
Denmark; Pesola (2009) on labour market transitfoliewing foreign acquisitions in Finland);
innovation (Andersson and L86f (2009b) for tradd amovative activities in small and medium-
sized enterprises in Sweden; Dachs et al. (2008pfeign-owned vs. domestic enterprises from
Denmark, Finland, Norway and Sweden; Bandick et2110) for foreign acquisition and R&D
activities in Sweden); Laursen (2008) for innovatamd export performance in Danish
manufacturing and services firms; wages (Bandi€lo@ on foreign acquisition in Sweden; Fosse
and Maitra (2010) for offshoring to China from Dsimifirms; Geishecker et al. (2010) for
offshoring by Danish firms; Heyman et al. (2007)foreign ownership wage premium in Sweden;
Hummels et al. (2010) for outsourcing in Denmarkitdnen (2007) for foreign acquisitions in
Finnish establishments; Lundin and Yun (2009) aerimational trade and wages in Sweden;
Munch and Skaksen (2008) on exports and wagesmmiagk; Pesola (2007) on foreign
ownership in Finland).



Table 1. Synopsis of empirical studies on productiv

ity and international firm activities using data fr

om Nordic countries

Author(s)
Year of publication

Data used

Type of interna-
tional firm
activity investi-
gated

Important findings

Denmark
Dachs et al. (2008)
International Study Group

on Exports and Productivity
(2008)

Eriksson et al (2009).

Smeets and
Warzynski (2010)
Finland

limakunnas and Maliranta
(2004)

Yla-Anttila et al. (2004)

Dachs et al. (2008)

Third European Community Innovation Survey
(CIS 3), 1998-2000, 844 firms

All firms from manufacturing with at least 20 employ-
ees, 1999-2002. 29 161 observations

All firms from manufacturing with at least 10 employ-
ees, 1993-2003. 95 365 firms in 1993,125 684 firms in
2003.

Product-firm-level dataset for manufacturing firms,
1998-2005

Linked employer-employee data for 1994 to 2001;
2 200 to 2 500 plants annually.

500 largest companies, 1986-1998

Third European Community Innovation Survey (CIS 3),
1998-2000, 818 firms

Foreign
ownership

Exports

Exports, imports

Exports, imports

Foreign
ownership

Foreign
ownership

Foreign
ownership

Foreign-owned enterprises exhibit a significantly higher labour productivity than do
domestically owned enterprises.

Exporters are substantially more productive than non- exporters.

Exports, imports of intermediate goods, and imports of final goods positively associ-
ated with higher productivity.

Importing and exporting positively associated with productivity, firms that import and
export are most productive. Evidence for self-selection into importing and exporting
but no learning from trade effects.

Foreign ownership increases total factor productivity by between 9 and 11 per cent.

Labour productivity has increased more rapidly companies with high foreign owner-
ship.

Foreign-owned enterprises exhibit a significantly higher labour productivity than do
domestically owned enterprises.
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Author(s)
Year of publication

Data used

Type of interna-
tional firm
activity investi-
gated

Important findings

limakunnas and Nurmi
(2010)

limakunnas et al. (undated)

Norway

Dachs, et al (2008)

Balsvik and Haller (2010)

Irarrazabal et al. (2010)

Castellacci (2010)

Balsvik and Haller (2011)

Linked employer-employee data for 1980-2005

Linked employer-employee panel data

Third European Community Innovation Survey (CIS 3),
1998-2000; 2 286 firms

Annual survey of all Norwegian manufacturing plants
with at least 10 employees; 1992-2004. 65 740
observations

Matched employer-employee data for all non-oil joint-
stock firms 1996-2005; ca. 8 000 firms per year

814 firms in the service sector. Information for 2004-
2006, but data are cross-section data only

Panel data from the Norwegian Manufacturing Census

Exports

Foreign
ownership

Foreign
ownership

Acquisition of
home firms by

foreign firms

Exports

Exports

Foreign direct
investment in
Norway

Highly productive plants are likely to enter the export market earlier and survive
longer in the export market. The upper and lower tails of the productivity distribution
are represented by plants that start exporting and those that are exiting.

Hiring workers from foreign multinationals has a positive effect on productivity in local
domestic firms, indicating knowledge spillovers from multinationals to domestic firms.

Foreign-owned enterprises exhibit a significantly higher labour productivity than do
domestically owned enterprises.

Prospective foreign owners pick high-productivity plants. Labour productivity increas-
es after foreign acquisitions.

Exporters are more productive; 15-40 per cent of the exporter premium reflects
differences in workforce rather than true efficiency.

Labour productivity positively related to export participation.

Greenfield entry both in the same industry and in the same labour market region has

a negative impact on the productivity of domestic plants; entry via acquisition affects
productivity of domestic plants in the same industry positively.
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Author(s)
Year of publication

Data used

Type of interna-
tional firm
activity investi-
gated

Important findings

Sweden

Hansson and

Lundin (2004)

Karpaty and

Lundberg (2004)
Greenaway et al. (2005)
Dachs etal.

Lo6f (2008)

Greenaway et al. (2008b)

Karpaty (2006)

Karpaty (2007)

Andersson et al. (2008)

All manufacturing firms with at least 50 employees,
1990-1999. 3 275 unique firms, between 1 565 and
1 820 firms each year

All manufacturing firms with at least 50 employees,
1990-2000

Manufacturing firms 1980-1997; at least 50 employees;
36 903 observations

Third European Community Innovation Survey (CIS 3),
1998-2000; 1 197 firms

Unbalanced panel of 1 570 firms in the food and
beverage sector, 1997-2002

Sample from FIEF longitudinal firm-level data base for
Swedish manufacturing firms, 1993-2002. All firms with
at least 50 employees. 23 848 observations

All manufacturing firms with at least 50 employees,
1986-2002

Detailed matched data from various sources for firms
from manufacturing industries; unbalanced panel 1997-
2004

Exports

Inward FDI

Exports

Foreign

ownership

Exports

Foreign
ownership

Acquisition of
home firms by
foreign firms

Exports, Imports

Exporting firms have a significantly higher productivity than non-exporting firms. More
productive firms self-select into the export market. Exporting further increases firm
productivity.

The presence of foreign ownership in the same industry and region seems to en-
hance the total factor productivity of domestic firms.

Productivity growth of exporters upon entry does not appear to differ significantly from
that of non-exporters either in the periods leading up to or after entry.

Foreign-owned enterprises exhibit a significantly higher labour productivity than do
domestically owned enterprises.

Exporters are more productive than non-exporters; more productive firms tend to
reach out to more markets.

Foreign-owned firms have a higher total factor productivity than domestic firms; no
productivity differential between Swedish and foreign multinational enterprises.
Foreign greenfields in Sweden are more productive compared to both acquired firms
and Swedish multinational enterprises. No evidence of reverse causality.

Positive effect of foreign acquisition on productivity starting between 1-5 years post
acquisition.

Export and import productivity premiums are significant and of similar magnitudes,
and the premium is the highest for firms that both export and import. Premiums in
both the number of markets and the number increase of products traded.
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Author(s)
Year of publication

Data used

Type of interna-
tional firm
activity investi-
gated

Important findings

International Study Group
on Exports and Productivity
(2008)

Andersson and
Lo6f (2009a)
Bandick (2009)

Eliasson et al. (2009)

Gullstrand (2009)

Lo6f (2009)

L66f and Andersson (2010)

Manufacturing firms with at least 20 employees, 1997-
2004 31 838 observations

Manufacturing firms with at least 10 employees, 1999-
2004, 38 929 observations

All manufacturing firms with 20 or more employees,
1993-2002; ca. 3 400 firms per year

Manufacturing firms with less than 50 employees,
1997-2006. Some 200 000 observations

Unbalanced panel of all firms in the food and beverage
sector, 1997-2002. 1 570 firms, 9 858 firm-destination-
year observ.

Unbalanced panel of firms from manufacturing and
services, 1997-2006; ca. 260 000 observations

All manufacturing firms with at least 10 employees,
1997-2004. Ca. 57 000 observations

Exports

Exports

Foreign
acquisition

Exports

Exports

Exports

Imports

Exporters are more productive than non-exporters (but not if firm-fixed effects are
controlled for); no evidence for self-selection of more productive firms into exports or
for learning-by-exporting.

Learning-by-exporting effect on productivity found among persistent exporters with a
high export intensity, but not among temporary exporters or persistent exporters with
low export intensity.

Targeted Swedish firms have better productivity growth after vertical foreign acquisi-
tion only; no such impact is found from horizontal foreign acquisition

Evidence of self-selection of more productive firms into exports. Learning-to-export
occurs but learning-by- exporting does not.

More productive firms are more likely to export.

Self-selection of more productive firms into exporting in services and manufacturing;
exporter premium larger in services. No evidence found that exporting increases
productivity growth.

Imports lead to an increase in productivity; the effect is larger for imports from highly
developed countries.

Source: See References.

Note: For each country the studies are listed in chronological order by year of publication and in alphabetical order for each year.
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2. International trade and productivity

2.1 Exports and productivity

Discussions of the role of exports in promoting growth in gdnend
productivity in particular, have been going on for manyrg@&arlier
empirical studies in this field used data at the couatrindustry level to
test whether exports promote productivity growth or vicesaem 1995,
Bernard and Jensen published the first of a seriespErpahat changed
this research perspective (see Bernard and Jensen, TB8%)used large
comprehensive longitudinal data from surveys performed ndguley
official statistics in the US to look at differencesvibeen exporters and
non-exporters in various dimensions of firm performanceluding
productivity. These papers started a literature. Duliiegyears following
the publication of Bernard and JenseBi®okingspaper, researchers all
over the world discovered the rich data sets collectechby statistical
offices as a source for investigating the export aégtiof firms, and its
causes and consequences. The extent and cause of produlifieisn-
tials between exporters and their counterparts whichosethe domestic
market only is one of the core topics in this literature.

There are two alternative but not mutually exclusive Hyggegs why
exporters can be expected to be more productive than nortiegpfirms
(see Bernard and Jensen, 1999 and Bernard and Wagner, 199fi)stThe
hypothesis points to self-selection of the more productivesfinto export
markets. The reason for this is that there exist amfiticosts of selling
goods in foreign countries. The range of additional costadedranspor-
tation costs, distribution or marketing costs, personngh ttie skill to
manage foreign networks, or production costs in modifyurgenit domes-
tic products for foreign consumption. These costs providentag barrier
that less successful firms cannot overcome. Furtherrtfmeégehaviour of
firms might be forward-looking in the sense that theirdet® export to-
morrow leads a firm to improve performance today to ks competitive
on the foreign market. Therefore, cross-section diffisge between ex-

® This section is based on Wagner (2007) where feghdetails are discussed and detailed
references to the literature can be found.
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porters and non-exporters may, in part, be explained by exddfgrences
between firms: The more productive firms become exporters.

The second hypothesis points to the role of learning-by-exporting
Knowledge flows from international buyers and competitofp heprove
the post-entry performance of export starters. Furbeg, firms partici-
pating in international markets are exposed to more intemsgetition
and must improve faster than firms who sell their praduldmestically
only. Exporting makes firms more productive.

A common approach to investigate differences in productbdtyveen
exporters and non-exporters is to follow (sometimes onlypart, and
sometimes with modifications and extensions) the methodotdgyduced
by Bernard and Jensen (1995, 1999). Studies of this type use lorgjitudin
data for plants (usually from the regular surveys comdldty official
statistics) to document differences in levels and graatds of productivi-
ty between exporters and non-exporters in a first stepe,Hone starts by
looking at differences in average labour productivity (tetlie of ship-
ments per worker, or value added per worker) or a@eetatal factor
productivity between exporters and non-exporters. The rissatt uncon-
ditional productivity differential.

The next step is the computation of so-called exportenipredefined
as the ceteris paribus percentage difference of lgiraauctivity between
exporters and non-exporters. These premia are computed fiegreasion
of log productivity on the current export status dummy asetaf control
variables (usually including industry, region and firmesimeasured by the
number of employees and year). The export premium shows énagav
percentage difference between exporters and non-exporters.

To shed some light on the empirical validity of the tfingpothesis
mentioned — namely, that the more productive firms go abrahe pre-
entry differences in productivity between export stardgrd non-exporters
are investigated next. If good firms become exporters, we skaplktt to
find significant differences in performance measiretsveen future export
starters and future non-starters several years bafare sf them begin to
export. To test the second hypothesis mentioned — namely xgpating
fosters productivity— the post-entry differences in productivity growth
between export starters and non-exporters are investigated.

Wagner (2007) gives a synopsis of findings from 54 empiricalies
using firm-level data from 34 countries and investigatingrétationship
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of exports and productivity. Among the countries covered are highlgindu
trialised countries (e.g., US, UK, Canada, Germany); courftes Latin
America (Chile, Colombia, Mexico); Asian countries (Chinard& Indo-
nesia, Taiwan); transition countries (Estonia, Sloveraay least devel-
oped countries from sub-Saharan Africa. Given this wideerarigcoun-
tries, the big picture is amazingly clear-cut: With onljes exceptions,
exporters are found to have higher productivity, and often higioetuc-
tivity growth, and this also tends to hold after controlling dbserved
plant characteristics (like industry and size). Exporters aterbet

The findings for pre-entry differences often presesdence in favour
of the self-selection hypothesis: Future export startiemsl to be more
productive than future non-exporters years before thégr éhe export
market, and they often have higher ex-ante growth rdtesoductivity.
The good firms go abroad.

Evidence regarding the learning-by-exporting hypothesi®nses/hat
more mixed: The results for post-entry differences mfigpmance between
export starters and non-exporters point to faster productivity grimwthe
former group in some studies only. Exporting does not necessarilguenpr
firms.°

Does the big picture sketched here — exporters are more predilnativ
non-exporters, and the more productive firms self-selectérport mar-
kets, while exporting does not necessarily improve prodtctivialso
describe the situation in the Nordic countries? Frometheirical studies
summarized in Table 1, we see that exporters tend to be pnoductive
than firms that serve the national market only in alirfcountries. Some
evidence for self-selection of more productive firms ietporting has
been found for Denmark, Finland and Sweden (but not in every ssidy
ing for it), while this hypothesis is not tested in the &sidising data for
Norway. The learning-by-exporting hypothesis has only beerstigated
with Danish and Swedish firm-level data — with mixedults. Apparently,
in the case of the Nordic countries, the jury is still @n the direction of
causality between exporting and productivity.

® Note, however, that De Loecker (2010) recentlywsttbthat current methods that are used
to test for learning by exporting are biased towarjecting the hypothesis of positive effects of
exports on productivity. He provides evidence fos tin the case of Slovenia. Comparable
empirical results for other countries are, to testlof my knowledge, not available.
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2.2 Imports and productivity

While the causes and consequences of export and its mekaibnships
with productivity are prominent topics in the recentrétare on interna-
tionally active firms, imports are seldom dealt with. Aean point is the
recently published Bruegel study on the internationalisatioBurbpean
firms (Mayer and Ottaviano, 2007) where imports are not détitat all.
As recently expressed by Bernard et al. (2007, p. 123), “Gjmgrical
literature on firms in international trade has beemceoned almost exclu-
sively with exporting, largely due to limitations in dagéts ... . As a result,
the new theories of heterogeneous firms and trade weréogedeto ex-
plain facts about firm export behavior and yield few predictionsj for
firm import behavior.”

This situation is rapidly changing, howevawith new datasets that in-
clude information on imports at the firm level becoming availadierfore
and more countries, a new literature has been emerigicgy 2005 that has
a focus on the links between productivity and imports. A number of recent-
ly published empirical studies based on data from a wide range ofiesunt
document the shares of firms that are exporters, imppdears two-way
traders (that both export and import), or that sell or baythe national
market only, and they look at differences between these times of
firms. Differences in productivity and their relationshiith different de-
grees of involvement in international trade are atdéntre of these stud-
ies.

Details aside, the big picture that emerges from litésature can be
sketched as follows: There is a positive link betwespoirting and
productivity at the firm level, documented by a signiftcanoductivity
differential between firms that import and firms thatrda trade interna-
tionally; the same holds for exporting. Two-way tradews rmore produc-
tive than firms that only import, or only export, or do traide at all. Of-
ten, two-way traders are the most productive group ofsfifisilowed by
importers and then exporters, while firms selling or buyinghennational
market come last.

How can this empirical regularity of a positive relatiaipsbetween
importing and productivity at the firm level be explairtedoretically? In

” For a comprehensive discussion of the literatmrémports and productivity and technical
details, see Vogel and Wagner (2009).
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the literature, arguments for both a positive impact ofipetivity on im-
porting (which is in accordance with the self-selectiérmore productive
firms into import markets) and for a positive impadtimporting on
productivity (‘learning-by-importing’) are discussed.

To start with the arguments in favour of self-selectibmore produc-
tive firms into importing, it is pointed out that the use okfgn intermedi-
ates increases a firm’'s productivity but, due to fixed costgnporting,
only inherently highly productive firms import intermediatiaporting is
associated with fixed costs that are sunk costs, bet¢heisenport agree-
ment is preceded by a search process for potentigigforsuppliers, in-
spection of goods, negotiation, contract formulation etc. Furthrer, there
are sunk costs of importing due to the learning and acquisifi customs
procedures.

As regards learning-by-importing, it is stated that themee strong ar-
guments in favour of a causal effect of imports on prodiigtivecause by
importing, a firm can exploit global specialization and irgouts from the
forefront of knowledge and technology. Proponents of this view point
the literature on international technology diffusiontthdvances imports
as an important vehicle for knowledge and technology transtether-
more, importing intermediate products allows a firm to focus resswand
specialize on activities where it has particular gjtles1 Importers may
improve productivity by using higher quality foreign inputsbgrextract-
ing technology embodied in imported intermediates and cagdats.
Furthermore, a variety effect is mentioned (in whicé broader range of
available intermediates contributes to production effigipand a quality
effect caused by imported intermediates that might be ofr lopttdity than
local ones. If importing increases productivity, this migladidirms to
self-select into export markets and help improve theacass in these
markets, which might contribute to an explanation of the eoapiregular-
ity that two-way traders are the most productive firms omaaee

Therefore, from a theoretical point of view, the di@ttof causality
between productivity and importing can run from one of the sides or
from both sides simultaneously. Only some of the studiegiome=d above
tackle this issue (or at least part of it) empiricallze bottom line, then, is
that we have convincing empirical evidence of a positivdioaiship be-
tween importing and productivity at the firm level for aglmand growing
number of developed and developing countries, while research ati-the
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rection of causality between productivity and import stasustill in its
infancy.

Vogel and Wagner (2009) use a newly available comprehensiet pan
data set for manufacturing enterprises from 2001 to 20@5doment the
first empirical results on the relationship between imgpartd productivity
for Germany, a leading actor on the world market for goedghermore,
for the first time, the direction of causality inghielationship is systemati-
cally investigated by testing for self-selection of moredpctive firms
into importing, and for productivity-enhancing effects of intpdtlearn-
ing-by-importing’). They find a positive link between impog and
productivity. From an empirical model with fixed enterpreféects that
controls for firm size, industry, and unobservable firm hetareigg they
report that the premia for trading internationally atmut the same in
West and East Germany. Compared to firms that do ade tat all, two-
way traders do have the highest premium, followed bysfitmat only ex-
port, while firms that only import have the smallestraated premium.
They find evidence for a positive impact of produd$ivon importing,
pointing to self-selection of more productive enterprisgés imports, but
no evidence for positive effects of importing on prodiitidue to learn-
ing-by-importing.

Empirical evidence on the links between imports and prodtyctiv
based on econometric studies using firm-level data frolNdrdic coun-
tries is scarce. From Table 1, we see that imports and productiippsir
tively associated in Denmark and Sweden. For Denmark, we haveevide
for self-selection into importing of more productive firms bat for learn-
ing from importing. Furthermore, for Sweden we have evdehat im-
ports lead to an increase in productivity, and that effisct is larger for
imports from highly developed countries. However, this evidéntased
on only one study per country and topic. Studies with data Fmfand
and Norway are missing. The bottom line is therefor¢ W have no
sound empirical evidence on the links between imports and pratiuir
the Nordic countries.
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3. Foreign direct investment and productivity

3.1 Outward foreign direct investment

Besides international trade (exports and imports), othrensfef interna-
tional activities of firms and their relation to produii are investigated
both theoretically and empirically. A case in point li¢ tmulti-country,
multi-sector general equilibrium model of Helpman et al. (2004} ¢x-
plains the decision of heterogeneous firms to serve foragykets either
through exports or through foreign direct investment, i.e. bigdingi new
production facilities in a foreign county or by acquiringséixig firms in
that country. They show that, in equilibrium, only the more prtide
firms choose to serve the foreign markets, and the modtigiive among
this group will further choose to serve these marketsfarieign direct
investment. The intuition behind this theoretical resslsimilar to the
argument put forward in the case of exports and prodtyctiVhere exist
additional costs of starting production activities ifioeeign country, in-
cluding costs for becoming familiar with all legal antbeomic aspects
related to doing business abroad, and these costsecarpected to be
even larger than the additional costs a firm that @gpoas to pay com-
pared to a firm that sells its products on the natiorzakat only. Only the
most productive firms can be expected to be able tolmsetcosts and to
produce profitably in a foreign country.

Several empirical papers take the Helpman-Melitzpteanodel as a
point of departur€ Wagner (2006) uses German establishment level data
and a non-parametric test for first-order stochaktiminance to show that,
in line with this hypothesis, foreign direct investors imdeed more pro-
ductive (not only at the mean but over the whole rangbeoptoductivity
distribution) than exporters which, in turn, are moredprctive (again, not
only at the mean but over the whole range of the prodtyctiigtribution)
than firms that sell their products on the nationatk@gonly. Empirical
evidence for other countries (including Japan and the piits in the
same direction (see Wagner, 2006).

However, according to the summary of empirical studies terna-
tional firm activities and firm performance reportedTiable 1, there is as

8 See Wagner (2006) for a more complete discusditmisliterature.
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yet no evidence of the link of outward foreign direct itvent and
productivity from the Nordic countries.

3.2 Inward foreign direct investment

Foreign direct investment cannot only take the form of ekiio firms
from country A buying a firm in a foreign country B or buidia new
production facility abroad in B (i.e. outward foreign direct irtk@ent from
the point of view of country A). Foreign firms from counBycan buy a
domestic firm in country A or build a new production fagilin A. This
latter type of foreign direct investment is called insvéoreign direct in-
vestment (from the point of view of country A) and itdeao foreign-
owned firms in country A.

Productivity differences between domestic and foreign-owfireas
have been investigated in a large number of empirical studies. Fiwo-a t
retical point of view, it can be expected that foreigmed firms are more
productive than domestic firms because foreign-owned foansuse tech-
nological knowledge and management know-how owned by their parent
company that made the parent company highly successfulraddctive
(which can be viewed as a prerequisite for the parent companydméec
multinational firm with production facilities in a fogg country). Fur-
thermore, it might be the case that foreign investors gengra “cherry
picking” — they buy the best and most productive domesticsfifPnoduc-
tivity differentials should then show up between domestic faneign-
owned firms of the same size and from the same indughey big picture
from empirical studies is in line with these hypothesesreida-owned
firms tend to be more productive than domestic fitms.

The empirical evidence we have from studies based onrldiveh data
from the Nordic countries (summarized in Table 1) is ia livith the find-
ings from the international literature. Dachs et al. (20@®prt that for-
eign-owned enterprises exhibit a significantly higher labaoduyctivity
than do domestically owned enterprises in all four Noabuntries. Il
makunnas and Maliranta (2004) find that foreign ownership inesdatal
factor productivity by between 9 and 11 per cent in FRichaBalsvik and
Haller (2010) show that in Norway prospective foretgmers pick high-

® For a survey of empirical studies on productivitiferentials between foreign-owned firms
and domestic firms, see Barba Navaretti and Vesai@04, p. 155-162).
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productivity plants and that labour productivity increaséer &oreign
acquisitions. A similar positive effect of the acquisitimnhhome firms by
foreign firms on productivity is reported by Karpaty (200@) $weden;
Bandick (2009), however, finds that targeted Swedish firme habetter
productivity growth after vertical foreign acquisition prédnd not after
horizontal foreign acquisition.

4. Offshoring

The third type of international firm activity besidasternational trade
(exports and imports) and (outward and inward) foreign tireestment
that is looked at in this paper with a view on its iefato productivity is
offshoring. Offshoring means different things to differgm@tople. Here,
offshoring describes the relocation of processes to amgigfo country
without distinguishing whether the provider is external féitisted with
the firm. It is a process whereby an activity whigas previously under-
taken in-house is contracted to another supplier irreigio country. For
example, a firm located in Germany that produces vatipes of clothes
decides to stop the production of one of its products, sistphts, in the
factory in Germany and relocate this production to atptaPoland that is
owned by the German firm, or to an independent subcontriacioma-
nia.

There is evidence that offshoring firms differ systéoadly from non-
offshoring firms'® In a comprehensive survey of the literature, Gorget al.
(2008, p. 34) ask “whether, among a random sample of firms we would
expect all to engage in offshoring or whether it is onegain group of
firms that do so”. According to the authors the “sharveer to this is:
only a certain group — and we would expect this to comphisebetter’
firms in any sample.” Goérg et al. (2008, p. 35) summarize éapievi-
dence from a number of studies showing that offshoring faarasmore
productive

If firms that relocated parts of their activities add are more produc-
tive than non-offshoring firms at a certain point in tirtlis might be
caused by self-selection of “better” firms into offsingri Self-selection

% For a more complete summary of the literature fishoring and productivity, see Wagner
(2011).
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would be in line with recent developments in economic thebigterna-
tional firm activities. Offshoring involves substantial suists related to
searching for a foreign partner, doing market reseaixngfcontractual
arrangements etc. Therefore, only the more productive filithbenable to
overcome these sunk cost barriers and successfully ataffshore (see
Antras and Helpman (2004) and Goérg et al. (2008, p. 34f.). Studies focus-
ing on the consequences of offshoring for productivity are ¢(see Olsen,
2006, p. 9). Gorg et al. (2008, p. 8) summarize the findings by stating tha
for manufacturing firms, offshoring results in higher labour potidity.

For West German firms from manufacturing industries, Wia(2@&11)
finds that, compared to non-offshoring firms, offshoringnfirare more
productive. These differences existed in the year before Songestarted
to offshore, and this points to self-selection of more tdel firms into
offshoring. This finding is in line with results from reteheoretical mod-
els and with results for other countries.

To investigate the effects on productivity of relocatammoss borders,
the performance of firms with and without offshoring wasnpared for
2000-2004 when some firms were relocating firms and others matre
Looking at first-time offshorers in 2001-2003, he finds no evidéoca
causal effect of offshoring on productivity. When the group thaofring
firms includes firms with offshoring activities befor@®L, however, he
reports a positive and statistically significant chesfect, but this effect is
rather small.

The bottom line, then, is that the empirical evidence pamtsigher
productivity in offshoring firms compared to non-offshoriimgns, and to
self-selection of more productive firms into offshoringhile the jury is
still out on the issue whether offshoring improves proditgtin a firm or
not. Note that due to the absence of empirical studies fehooing and
productivity that are based on firm-level data from thedMocountry, we
have no evidence at all on this issue for these countries.

5. Discussion

The big picture shown by the literature on the micrareatetrics of inter-
national firm activities for the links between productivithd engagement
on foreign markets can be summarized as follows. Dedailie, interna-
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tionally active firms are more productive than firmstloé same size and
from the same industry that are active on the domestiketanly. The
direction of causality between productivity and interowadi activities is
somewhat less clear. Higher productivity seems to beeeequisite for
international activities, and we have ample evidencesétf-selection of
more productive firms into exporting, foreign direct invesimand off-
shoring. Whether international activities cause higheduyetivity or not,
however, is still an unresolved question, and there are ealpgiudies
reporting evidence for or against the learning-byrivdonal-activities
hypothesis.

Empirical evidence from firm-level data based studmstifie Nordic
countries on the links between international firm activities@oductivity
is scarce (see Table 1). While there are studies ontexaguud productivity
and on productivity differences between foreign-owned firmsdamoestic
firms for Denmark, Finland, Norway and Sweden, evideoncenfiports is
only available for Denmark and Sweden, while there ismpirécal evi-
dence at all for the relationship between productivity bath outward
foreign direct investment and offshoring. Furthermore, tiedten only
one study dealing with one form of international firm tti for a coun-
try. The empirical evidence available is therefore no sous lthat al-
lows searching for similarities and differences (andrtbauses) between
the Nordic countries, and the empirical results repoctathot qualify as
stylized facts that can inform policy makers in aidemce-based way.A
suggested step on the way to a solid empirical basis ¢brau exercise is
an ex-ante coordinated international comparative study that ustisadlg
specified empirical models and comparable firm-level #atall forms of
international firm activities covering firms from alordic countries and
for other countries that are considered to be useful as a benchmark

An important topic that is not dealt with in this papet that is closely
related to the links between productivity and internaticazlvities of
firms is the cause for productivity differences betwéems. In the theo-
retical models a la Melitz (2003) that are at the corth@hew new trade

" This is yet another case that illustrates whatlll RBartelsman’s Lament: “For policy
makers, the state of affairs of productivity reshas frustrating, at best” (Bartelsman 2010,
p. 1891). For a comprehensive discussion of hogotéfom estimation results to stylized facts
when empirically investigating international acties of heterogeneous firms, see Wagner (2010).
12 See International Study Group on Exports and Rty (ISGEP) (2008) for an example
of such a study and Wagner (2010) for a broadeudison of this approach.
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theory, the productivity of a firm is the result of a random dfaem a
productivity distribution. While this is for certain apmopriate approach
to building a theoretical model for trade with heteragmus firms, it is far
from satisfactory from an empirical point of view. Obvioudlyere is a
role for random shocks, or good or bad luck, in shaping theuptioiy
level of a firm, but we have good reasons to believe that a higlvdevel
of productivity is not a matter of luck alone. Productivignde expected
to be related to the quality of inputs used in the prodngtrocess, and to
the way these production factors are combined.

Using a knowledge production framework and a rich set of jdaet
data, Wagner (2008) demonstrates that in Germany, firmsathaictive
on international markets as exporters or foreign direastors do gener-
ate more new knowledge than firms which sell on the natimaaket only.
These differences are not only due to a larger fimm, or different indus-
tries, or the use of more researchers in these firmslboto the fact that
these globally engaged firms learn more from externaicesu The im-
portance of these knowledge sources varies with the type ofatioov-
for example, cooperation in R&D with universities and ottesearch in-
stitutes matters in the case of new patents regikterkile suppliers are
important in the case of the share of new productstal sales and new
production processes introduced. These results, whichraaglly in line
with the findings by Criscuolo et al. (2005) in their studing UK firm-
level data, can help explain the strong positive cormeldietween produc-
tivity and international activities of firms. Firmsathare active on markets
beyond the national borders generate higher levels of new é&dgevithat
feed into higher productivity.

Another important aspect that might help explain the pasjiroduc-
tivity premium of internationally active firms is managent quality. Alt-
hough management quality has been considered as an inpatace of
performance differences between firms for a very lamg t Syverson
(2010, p. 14) mentions a study published in 1887 that made this point —
empirical evidence on this is scarce due to datdadiimons. As expressed
by Syverson (2010, p. 14), “(t)he identity, much less the charai®rist
practices, or time allocation of individual managers arely known. Fur-
thermore, managerial inputs can be very abstract. It'susbtime alloca-
tion that matters, but what the managers do with thaie,tlike how they
incentivize workers or deal with suppliers.” A receftdy by Bloom and
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Van Reenen (2010) that relates management practicesotiuctivity
shows, among others, that firms that export (but do not prodwes¥eas
are better-managed than domestic non-exporters, but are-marsaged
than multinationals.

These findings demonstrate that there is more tharr dinge behind
the observed productivity differences between firms. Befmeculating
about the implications of these results for the desigpoti€y measures,
however, one should remember that productivity differencabeafirm
level are notoriously difficult to explain empiricallyAt the micro level,
productivity remains very much a measure of our ignorafBaftelsman
and Doms 2000, p. 586).

My suggested take-home message for policy makers andathégers
from my reading of the literature on productivity and inteomeatl firm
activities is therefore simple (if not trivial). Any policy nseges that foster
productivity are policy measures that help make more firm® it for the
world market, and any policy measures that make domasticforeign
markets more open to internationally active firms (ltke reduction of
barriers to international trade and investment, and messhat ease inter-
national financial transactions between firms) help owprproductivity
and foster economic growth. The positive effect of an iseréa interna-
tional firm activities on productivity does not only follofrom learning
effects, but also from reallocation effects. Reduced barriers amd tmsts
for international firm activities will increase theaetivities by internation-
ally active firms (that are more productive than frthat are active on the
domestic market only) and will induce the most productivedithat were
previously not internationally active to become active ameifjn markets.
These highly productive firms will expand. The less progdactiomestic
firms, on the other hand, will shrink or even exit becanseased compe-
tition on factor markets due to an increase in fackonahd by expanding
high-productivity firms will drive factor prices up anoWer the profitabil-
ity of these low productive firms. This reallocation oftfars of production
from less productive to more productive, internationallyvacfirms will
lead to an increase in productivity.

Following the holy principle of comparative advantage, howeve
leave any detailed suggestions for policy measures dhtgr fproductivity
or make markets more open to international activitids ok to specialists
in that field.
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Comment on Wagner: Productivity and
International firm activities: What do
we know?

Markku Stenborg

Having spent a large part of my working life applyingmamics to vari-
ous types of policy questions rather than generating more ecanamic
ivory towers, my bias here is policy relevance. From thatea this is an
important and interesting survey of a well-defined redeguestion. The
story is tightly focused and useful for evidence-based potigica.

The paper looks at the question why some firms chooseptart, or be
involved in other international activities, while some otfiens do not.
The main message here is that only more productive fieneme export-
ers. This result is based on firm or plant level econoosetf heterogene-
ous firms. The approach allows due attention to detadtéch is not al-
ways granted in economics).

The literature has offered two suggestions as explandornsoduc-
tivity premium separating exporters from other firms. tFignly more
productive firms choose to export and, second, exporting mirkes
more productive. The main story behind the first suggessitimait interna-
tional activities involve extra costs, which more effitiérms can cover.
This is self-selection: only better firms go internadibrThe narrative be-
hind the second alternative is learning-by-internationtildties: firms
meet a wider set of circumstances, have to fend off tougyeds and a
more diverse set of strategies, etc., which makes theer bibte that the
stories need not be pure alternatives, but both can be trukagieously.

 Ministry of Finance, Finland, markku.stenborg@um.f
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The overarching empirical result widely supports the selction but
there is much less evidence for the learning storythEtmore, interna-
tionally active firms are better also in many otheanehsions. More pro-
ductive firms are also more likely to be involved in otherriraéonal
activities such as imports, cross-border M&As and foralgact invest-
ments. The empirical story is broadly the same sédeien: only more
productive firms find it profitable to expand the extféort needed to sur-
mount the hurdle at the border.

Next, | have three comments on the scope of the literasirseen in
this survey and then | will briefly discuss some po#ritir policy conclu-
sions.

First, | was somewhat surprised not to find comparatteantage, the
main theoretical result behind trade, to even be mentioned in the paiper.
instance, a layman might expect that some firms are irsiiqroto better
exploit the comparative advantage of their home nation,pemtive of
their productivity differenceis-a-visneighboring firms. Or could it be that
exporting firms are more productive in part because of theityatulbene-
fit from comparative advantage? Is this something we dwo,ocavant to
control for in empirical analysis? Or is the integplzetween comparative
advantage and the effect on productivity of internationtiViies too triv-
ial for the enlightened not to warrant a comment?

Second, productivity is not a total black box. It is shapegait, by re-
source allocation, R&D, innovation and “creative destructidd’name a
few obvious candidates. It would be fruitful to have adsainderstanding
of the interaction between success in internatiortalities and innovation
(or other drivers of productivity).

This leads to my third point, in the form of a questioould it be that
there are some common factors behind productivity and internaticthal a
ities? For instance, suppose that firms that arertegtteetworking domes-
tically become more productive and are also more able tonetnterna-
tionally. Then, the export driver is the common force behiotth lexports
and productivity, not productivitgin sich

Turning to policy conclusions, note that this paper iseghitmble. It
concludes that there is not enough country-specific evidenoake sharp
Nordic conclusions. How complete knowledge do we need here@hwhi
institutions and other details matter for conclusiond prohibit us from
using results from other industrialized countries? In seewse, this hu-
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mility is admirable. It is not too uncommon to find papeying to extend
their policy conclusions well beyond the proper realm.

Are some firms more productive by accident? If so, themot much
new policy insight from this literature. Remove obsta@lem productivi-
ty gains, and try to find means to lower the hurdle firms metbeaborder,
and wait and see more firms becoming active interratignbut that is
about it. Are we equally confused but at a deeper level@a® policy re-
forms affect the accident that shifts productivitythe level that permits
exporting and other international business?

So, perhaps a wider scope would have been useful herey Bahclu-
sions from studies outside the Nordic countries and a hettirstanding
of the drivers of productivity and their interplay with imational activi-
ties would have been nice additions to this fine surveyarly event, to
conclude, let me congratulate professor Wagner on his iangarontribu-
tions to this branch of literature and especially once r@ind tightly fo-
cused survey. It has been a pleasure to read and comment jerpkis
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Summary

What do we know about the relationship between innovationpeodiic-

tivity among firms? The workhorse model of this relationskipresented
and the implications of an analysis using this model badisually availa-
ble data on product and process innovation are derivednReawirical

evidence on the relationship between innovation and prodydiiviirms

is then surveyed. The conclusion is that there are suladtpositive im-
pacts of product innovation on revenue productivity, but thaintipact of
process innovation is more ambiguous, suggesting that the ffiemng

analyzed possess some market power.
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Early work on the sources of productivity growth revedted growth
in capital and labor explained less than half of sgrdwth in the United
States and many other countries. The remainder (the ‘ed$iduas as-
cribed to technical change and a large literature emdhgecttempted to
find measures for technical change (improvements intaiaghd labor
guality, R&D activities, and so forth) and use these mn&gsto try to ex-
plain the residual growth in productivity (Griliches, 1996, 1998, among
others). Considerable success has been achieved bgptinsach, to the
extent that many countries are now moving to incorporate uresaof
R&D capital stock in their systems of national incorneaunts, and there-
fore to directly attribute some of economic growth tocitsitribution as
well as adding the creation of knowledge capital to output itself.

Driven by an interest in the unexplained portion of prégitg growth
and partly in response to various economic slowdowns eodligtivity
gaps among nations, a large body of research on innovativéyaand
productivity in firms has accumulated. For reasons i dagilability, this
work has mostly used two measures of innovative &gtii&D spending
and patent counfsAs measures of innovation, each of these has both posi-
tive and negative attributes. Both pertain primarily to techncéd@inova-
tion and are more suited to measuring innovation in matwfag firms
than in other areas such as services. R&D spendindidaaitantage that
it is denominated in comparable units (currency) and reqiese(costly)
decision variable on the part of the firm about its apjatg level of inno-
vative activity. For the same reason, R&D is only an iripunnovation
and cannot tell us about innovation success. Patent courdsvaasure of
invention success, and can be considered to be at leadta measure of
innovation output, but they are inherently very noisy (a few ssecated
with very valuable inventions and most describe inventionttlef value)
and the extent of their innovation coverage varies by seettr sectors
like pharmaceuticals and instruments making heavy use ehtgaivhile
other sectors use them to a very small extent.

As the industrial structure of advanced economies hasdhéitvay
from manufacturing and towards services, economists andsottzere
gradually become aware that concepts like “technicatgdiaand “R&D”
only describe some of the sources of increased produciivitye econo-

! A recent survey of results for the R&D-productjvielationship is Hall et al. (2010).
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my, and recent research has begun to look at innovation nuadlplas a
source of growth. This research has been greatly helped bytitb@viction
of the Oslo Manual (Tanaka et al., 2005) with guidelinegHerdefinition
of various kinds of innovation and by the surveys of innovatitigicin
business firms that have been conducted in a large nuohbEyuntries
around the world, mostly using this manual as a guide r@dsé¢ and
Mohnen, 2010). Several non-R&D kinds of innovative expenditure have
been identified: the later phases of development andgetat are not
included in R&D, capital expenditures related to theomhtiction of new
processes, marketing expenditures related to new produdtsndénds of
employee training, expenditures on design and technical spéoifigaetc.

Figure 1, which is based on data from these kinds of surskgais the
distribution of the share of firms that report any kafdnnovation during
the three-year period 2006-2008 by country and size of*fifhe figure is
instructive: it shows that in most countries, betweenr8D%0 percent of
the firms introduce a product or process innovation duringreetyear
period, and that the rate of introduction is much higher esarabre even
across countries among large firms, as might have beentedpét fact,
the coefficient of variation for the innovation shareoasrcountries is 0.3
for SMEs and 0.12 for large firms, confirming the higher elisipn rate
for SMEs.

Figure 2 shows a breakdown by product and process innovation, where
innovation is defined as the development of a process or girtitit is
“new to the firm” by the enterprise or its groujm this case, we are able to
compare the European countries to the United States, bictiagtithe
population of firms to a common set of innovative sectors adtestwo
regions’ The two types of innovation are roughly equal, with a slpyaf-

2 The data for this and the subsequent figure maioiyes from the European Community In-
novation Survey, data for the United States commsa the new 2008 Business R&D and Innova-
tion Survey (BRDIS), conducted by the National Sce Foundation and may not be exactly
comparable to the European data.

% In the US case, the definition does not includegtoup to which the enterprise belongs.
Because group structures are rare in the US, ttimction makes little difference. However, it
does mean that the European numbers could belgliygher given the broader definition of the
firm doing the innovating.

4 These sectors are manufacturing, telecommunicgtymputer services and software pub-
lishing, finance, and some technical professioealises. The restriction is necessary because the
US data does not contain enough detail outside faaturing to match the innovative sector
definition used by Eurostat, which is quite bro@be narrow definition used here is NACE activi-
ties C, J58, J61, J62, J63, K, M71. The broadenitieh used by Eurostat and elsewhere in this
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erence for process innovation and some differences aaossies. How-
ever, it is worth noting that the United States is bymeans the most in-
novative among these countries by this measure, although tlikision
should be viewed with some caution given the slight noncom ity addi
the US data.

Figure 1. Innovating firms by size, as a share of a |l firms, 2006-2008
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paper includes NACE activities B, D, E, G46, anéniining, utilities, wholesale trade excluding
motor vehicles, and transportation and storage).

® Although the sampling frame for the BRDIS was pogulation of US firms with five or
more employees, this survey was the successoetotig-running RD-1 survey which was only
filled out by RD-doing firmsand the innovation questions were at the end ohg survey, most
of which concerned R&D. So there is some suspithiah they may not always have been accu-
rately answered by non-R&D-doers. This suggestamiyeen informally confirmed by conversa-
tions with the NSF. The product innovation rate3quercent of the firms that report doing R&D
in the BRDIS survey was 66 percent, whereas thefaitnon-R&D-doers was 7 percent. The gap,
which is much larger than that in Europe, does ssgggome undercounting for the non-R&D
firms.
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Figure 2. Share of firms with innovation new to the firm or market, 2006-2008
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How does the aggregate innovation picture compare withegate
productivity measures? To answer this question, | comparedrtbeation
rates at the country level with overall labor productiiiDP per hours
worked, also from OECD data). The results are shownguar& 3° With
the exception of an outlier (Norway), the share of botrESMnd large
firms that innovate appears to be positively relateldivor productivity at
the country level. Simple univariate regressions for tietioaship were
moderately significant, and even more so when robushadstsuch as
Least Absolute Deviations or Least Median of Squares were used.

® The innovation rate is defined as the share dfratis in innovating sectors that have intro-
duced any new process or product in the past ffeaes, including organizational and marketing
innovations. The data are from Eurostat's datakbarstne sixth Community Innovation Survey,
variable INNO.
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Figure 3. Labor productivity levels 2009 and innova  tion 2006-2008
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Although the correlation displayed should not be taken tdousty,
given the number of confounding influences and differencesdustrial
structure across countries, even at the aggregate level thersedwe to be
a relationship between innovative activity by firms anddpotivity, albeit
one that leaves room for many other influences. It is natiuadk how this
relationship comes about — what actions by individual fileasl to aggre-
gate productivity improvements? One can think of two maianohls
through which the presence of more innovative firms can l&@nito
productivity improvements: first, innovation in existing fsntan both
increase their efficiency and improve the goods and serttegs offer,
thus increasing demand as well as reducing costs of gimcluSecond,
innovating firms are likely to grow more than others aed entrants with
better products to offer are likely to displace existmgfficient firms with
a concomitant increase in aggregate productivity lewelboth cases, the
relationship between innovation and productivity is influehieg the insti-
tutional and macroeconomic environment where the firmsatgepossi-
bly leading to substantial differences across countriethé relationship
between them.
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The present paper will review the ways in which econtsntiave ana-
lyzed the relationship between productivity and innovatiocu$ing on
the use of such innovation survey data as well as déter on innovative
output such as patents. The differing measures of inlmovetummy vari-
ables, innovative sales, and innovation expenditure) thatatieus sur-
veys yield will be reviewed and their drawbacks and athges discussed.
The distinction between innovation input (expenditures antcetander
the control of the firm) and innovation output (depending on inputs
also with a large element of chance) is important hedetare rationales
for using both concepts.

After discussing measures of innovation, the paper wilere two ap-
proaches to measuring the relationship between prodycéiad innova-
tion: the econometric or regression approach and the graeabunting
approach. Both are in their relative infancy due toftue that the appro-
priate data has been lacking until quite recently (@ndtill not widely
available).

1. Innovation — the concept and its measurement

There were two early empirical efforts which generateds##s$ on innova-
tion that have been used in some studies (regrettablgtigdies, in fact).
They are the SPRU study of UK firms begun in 1970, and condoetxd

a period of 15 years through 1984 (Freeman and Soete, 1997) and the
study by Acs and Audretsch during the 1980’s that looked atirdSiri-
novations. The SPRU study asked almost 400 experts in indogttgriti-

fy significant technical innovations that were commereédi in the UK
sometime between 1945 and 1983 and then surveyed the firmisathat
introduced the innovations. The database contains over 4 000 ilomsyat
almost all of which are in the manufacturing sectbhds been used to
show that the relationship between innovative activity amd ize is
largely U-shaped, and that smaller firms show greatesvative activity
than formal R&D activity (Pavitt et al., 1987). A couple b&tpapers
surveyed below (Geroski, 1989 and Sterlacchini, 1989) make usdsof t
database, but it has not been exploited extensivelyeimmhalysis of inno-
vation and productivity.
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The 1990 Acs and Audretsch study for the US Small BusinessnAdm
istration (SBA) was based on a survey of over 100 trade jlsuimad 982
that looked for an announcement of the market introduction of tiovsn
The definition used by the SBA was the following:

“A process that begins with an invention, proceeds ttithdevelop-
ment of the invention and results in introduction of a nevdyct, pro-
cess or service to the marketplace.”

This survey yielded over 8 000 US innovations, most of whichaprob
bly dated 1978-1982, but all of which were introduced in 1982. Acs and
Audretsch use these data to analyze the role of $imma#l in innovation,
the growth of firms, and the evolution of market structuhefortunately,
they do not provide any analysis of the relationship betwbese inven-
tion introductions and firm productivity.

Both the SPRU and the SBA surveys used the innovatitimeamit of
observation, and any firm-level analysis using these dafserefore only
based on innovative firms. In contrast, the innovation surdegsribed
below are conducted at the firm level and sometimes coll¢éatatanon-
innovative firms as well. Thanks to work by the OECD and othezsyaw
have a definition of innovation done by firms that is fairBnslard across
a wide range of countries and surveys:

“An innovation is the implementation of a new or significarith-
proved product (good or service), or process, a new marketitimpdye
or a new organisational method in business practices, woekplgan-
isation or external relations.”

Most of the work on innovation described in this paper has bagsed
on surveys that use a version of this definition. Thugethas been con-
sistency in the definition of the innovation variablesoas studies, alt-
hough perhaps not consistency in the interviewees’ unddnstaof the
definition. However, note that there is at least one $#lightbiguous fea-
ture of the definition, in that it does not define “new”ywerecisely. Some
of the surveys have made a distinction between “nethigdirm” innova-

" Oslo Manual (OECD, 2005, p. 46).
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tions and “new to the market” innovations, which can be a \alstin-
guishing more radical innovation from imitation. But in gahethe inter-
pretation of “new” is left to the survey respondent.

In spite of the apparent clarity of the definition afdwation in the Os-
lo Manual, measuring innovation in a form that is useful dtatistical
analysis has proved challenging. The central problefmitsrio two inno-
vations are alike. Some innovations (e. g., the invention dktiphone or
perhaps the telegraph) create a whole new market sectozaghathers are
useful but trivial, and there is a wide range in betwéde general, we can
say that smaller innovations are more numerous than ghameing ones.
As shown in Table 1, this fact is very visible in theadetllected by Acs
and Audretsch. During the year 1982, over 85 percent of the inoowat
they identified were modest improvements of existing pragwstd none
created entire new markets. Fewer than 2 percent wereaonsidered to
be the first of its type on the market in existing marketguates®

Table 1. Manufacturing sector innovations by signif icance

Number Share (%)

Large Small Large Small

firms firms firms firms
Establishes whole new categories 0 0 0.00 0.00
First of its type on the market in 50 30 1.76 1.43
existing categories
A significant improvement on existing 360 216 12.70 10.27
technology
Modest improvement designed to 2424 1858 85.53 88.31
update existing products
Total 2834 2104

Source: Acs and Audretsch (1990, Table 2.3).

The innovation surveys have typically measured innovatiotwin
ways: first, by asking whether the firm introduced an intiomaof a cer-
tain type (product, process, organisational, marketing, étcigg a pre-
ceding period (usually the past three years) and secondskiyzyg what
share of the firm’'s sales is due to products introduced duhegsame
preceding period. The first measure has a number of drésbatich

® Note that by using the 1982 date, Acs and Audhettitt miss two major innovations: the
IBM personal computer and Microsoft DOS, both ofelthwere introduced in 1981 and which
arguably meet the definition of “created entire maarket”.
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have become quite evident as it has been used in manyicainpiudies.

When examined across a range of firm sizes, it prodilmesnisleading

results that larger firms are more likely to be innoxgtwhereas in truth
larger firms are involved in a wider range of actigtiand are therefore
more likely to have an innovation in at least one of thBmthis variable
cannot be used to make the kind of statements that ondis@sdears,
such as “large firms are more innovative than small firms.”

Another problem is the previously mentioned unequal dizanmva-
tions and the failure in some surveys to distinguish @tweew to the
market” and “new to the firm.” Based on the Acs and Awdietresults,
we know that many more of the innovative firms will havedduced
improvements to existing products rather than entirely geads and
services, but the latter may be more important tharidtreer. This view
of the “skewness” of innovation values is supported bygelamount of
research on the valuation of patented inventions (Hfadtoal., 1999;
Scherer and Harhoff, 2000; Hall et al., 2005). Although pateimesh-
tions are not precisely the same as innovations, thegimitar and share
some of their distributional properties, with the majoliging worth very
little, and a few that are quite valuable to their owners.

Because of the imprecision and noisiness of the innovalionmies,
many researchers prefer to use the second measure, theoklkates of
innovative products, which does give a good indication of hopoitant
the innovation(s) were overall for the firm in question. &tfnately, this
measure is useful only for goods and services and canngieloeto cap-
ture process or organisational innovation. Neverthelesstlie one relied
on by more than half of the papers discussed in thewinlh sections,
often accompanied by a dummy for process innovation. Onlexample
exists where firms were asked to quantify the impégirocess innovation
on cost reduction (Peters 2006, for Germany).

2. Productivity — the concept and its measurement

What we mean by the term “productivity” is fairly easyunderstand alt-
hough difficult to measure: it is the quantity of outpatttban be produced
using a given level of inputs. At this level of the ddifom, there is not
even a presumption of optimality or efficiency in productiblowever,
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normally we assume that the entity whose productivity we wish tsune
is “efficient” in the sense that it is using the minimm necessary level of
inputs to produce a certain level of output, given its leveédtfiiological
knowledge, its organization, its size, and other endowmastagell as the
environment in which it operates.

Economists generally describe the relationship between outdutha
level of inputs using a production function, of which the most eomnt
for analysis is the following:

Q=AC I, (1)

whereQ is output,C is the level of capital stock, ahds labor (and poten-
tially other non-capital inputsf. A is the overall level of productivity
which may vary across entities. That is, because anizgtional differ-
ences, frictions, or other constraints, entities witmtidal levels ofC and
L may not be able to achieve the same level of o@put

For measurement purposes, the logarithm of equation (1) is taken:

g, =8 +tag + L5} i = entity,t= time, (2)
where the added subscripts denote the fact that produdévéis are usu-

ally measured for a number of entities over several ien@ds. Equation
(2) yields an expression for total factor productivity (usuddimoted TFP):

TFP=g =g -ag-f]. (3)

All well and good, but measuring TFP therefore requiressomea of
real outputQ, real capital stockc, and labor input. (as well as other pos-

° | ask the well-informed reader for patience wiik elementary review provided here, which
is primarily for the purpose of setting the notatfor the subsequent discussion.

1% The treatment here has been greatly simplifiedritting purchased inputs (such as mate-
rials, energy, etc.). In practice, these inputsmaoee important on a share basis than either dapita
or labor and need to be included in the estimatigpically accounting for about 0.7 of the in-
puts). Alternatively, one can measure output asezallded, which is usually defined as output
less purchased inputs. The precise choice of whattude or exclude depends to some extent on
data availability, and several variations have bmesued in the literature discussed here. In
particular, many of the available datasets domdtide measures of the firm's capital stock and
researchers are forced to resort to proxies suchrasnt investment spending.
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sible inputs, such as energy and materials), to say nothittge afoeffi-
cientsa andp. | discuss the latter problem first.

There are two widely used approaches to estimating the weiginids
to be applied to the inputs in the productivity measure: 1) assunmiapghat
markets are competitive, which implies that the coeffisieare the shares
of revenue received by each of the factdmnd 2) assume that the coeffi-
cients are (roughly) constant across entities and aithem via regres-
sion. Solution (1) is favored by statistical agencied athers who simply
need a measure of TFP for an individual entity and n@yhave a sample
available for estimation, and solution (2) is the one gipiaised by econ-
ometricians and the main one employed in the literatumisked later in
this paper, although there are some exceptons.

The second problem, how to measure the inputs and outputs them
selves, is subject to a multitude of solutions. Unfortunately, the ehoan
have a considerable impact not only on the measuremétRfout also
on the relation of that measure to innovation. The difficliks in the
measurement of real inputs and outputs, holding constanohihef meas-
ure over time. To take a concrete and well-known example, censput
which are a component of capital, have changed consideradxiytime. If
we measure their contribution to the inputs simply as experdbin com-
puters, it is likely to be roughly constant over time, ar® Will grow as
the computers become more productive. However, if we instefigte
the computer expenditure by an index of the effectiveeppfccomputing
power, which has fallen dramatically over the pastythygars, the real
guantity of computers will grow substantially during the sgrariod, and
TFP growth will be correspondingly less. In essence, steubnical
change or innovation has been transferred from TFP toptgs™® The
same argument applies to labor input, where quality has probabhatjgner
increased over time so that a person-hour thirty yearssagat the same

' This approach can be modified to account for seattomies and market power as in R.
Hall (1988), or indeed almost anything that implesnogeneity of some degree in the production
function. See below for a modification that allotlue firms to have some degree of market power.
12 A large literature has developed on the methodetofpr estimating the production
function in the presence of simultaneity betwegwtrand output choice and errors of
measurement. Some key papers are Blundell and g@@D), Griliches and Mairesse (1984) and
Olley and Pakes (1996).
13 Naturally, if the analysis is done at the aggredetel, the production of computers will be
in the output measure, and their share of TFPiméHlease. See Denison (1966) and Jorgenson and
Griliches (1967) for a discussion of this point.
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as a person-hour today. All this means that TFP measweed to be used
carefully, with an understanding of the approach used tatitef and
quality adjustment? That is, much of the effects of innovation may show
up as higher quality inputs if they are quality adjusted, will not appear

in output.

For the output measure, the problem is even more strikimen we
look at the level of the firm or enterprise, because of the potentighfia-
tions in market power across firms, and for the role pldyeinnovation
in creating and/or increasing that market power. Theestagiay of seeing
this is to rewrite the TFP equation in terms of rewerather than real out-
put, under the assumption of an iso-elastic demand equati@n.idéa
behind this approach is that each firm produces diffierieat products and
therefore faces its own downward sloping demand culiveasFhave idio-
syncratic output prices, so that deflation of revenue bgwemnall deflator
simply yields real revenue rather than an actual eutpasure. | denote
the log of real revenue by and the log of the firm’'s output price hy, ,
with r, = p, +q, . Write the iso-elastic demand equation facing tha fir

logarithmic form as follows?
G =770 » 4)
wherez is the (negative) demand elasticity. Combining equationar{d)

(4) yields the following expression for the (observabés)enue as a func-
tion of the inputs and TFP:

3 '77”(&[ +ac, + ). (5)

14 On the output side, Hall (1996), Mairesse and H#06) and Griliches (1994) present
R&D-productivity regressions that illustrate théeet that a properly measured computing sector
deflator can have on the measured returns to R&DOtsiimpact on the measurement of TFP.
Those authors show that using a hedonic price tweffar computing rather than an overall GDP
deflator more than triples the elasticity of outpith respect to R&D, from 0.03 to 0.11. That is,
most of the returns to R&D during the period estiga(1980's) went to price reduction and real
output increase, and very little was received lgyfitms in the form of increased revenues. See
also OECD (2003, pp. 43-44), for a discussion i igsue.

15 This treatment of the problem is drawn from Ghiis and Mairesse (1984). See also
Mairesse and Jaumandreu (2005) and Foster et0@I8)Zor discussions of the differences
between revenue productivity estimation and truelpctivity estimation.
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The above equation implies that the estimated coeftiieh capital
and labor in the productivity equation will be negativdémand is inelas-
tic (0>7>1) and biased downward if demand is elagije< -1). As 7
approaches-« (perfectly elastic, or price-taking), the bias disappears
the equation is identical to equation (2), but with revenuglace of out-
put.

The conclusion is that if a regression based on equatiois (Bed to
estimate TFP(a“) , the estimate will typically be biased downward over a
reasonable range of demand elasticities. Note also tmat fprofit-
maximizing firm, the bias is equal tb— m, wherem is the markup. The
further we are from perfect competitio(mzl) and the higher the
markup, the greater is the downward bias. After presenting therhadi
that shows the relation between innovation and productivitthénnext
section, | will derive the implications of equation (5) fbe measurement
of that relationship.

3. Modeling the relationship

When looking at the contribution of innovative activity toguctivity, the
usual starting point is to add a measure of the knowlemtgintangible
capital created by innovative activity to the production function:

Q=AC' P K. (6)

Here,K is some kind of proxy for the knowledge stock of the fikm.
can stand for a number of aspects of the entity’s innevatpability: its
technological knowledge obtained via R&D, its competency attoam-
ing research results into useful products and processdsso forth. It can
even be based on innovative success rather than capability. Traditignall
has been measured as a stock of past R&D spending lotihex kinds of
data have become available, other measures involving patemaova-
tion indicators have been used.

As before, the logarithm of equation (1) is taken:

G =a +tag + B} +yk i= entity,t= time. 7)
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Because much of innovative activity is directed towarels products
and product improvement, it is useful to rewrite the dememghation to
allow the knowledge stock to shift the demand curve facing the firm:

G =7R tPk  $>0 (8)

Assuming that the knowledge stock has a positive coeffiéraplies
that the effect of increased knowledge or innovative agtigito shift the
demand curve outward by making the firm’'s products mdractive to its
customers, at a given price.

Combining equations (7) and (8) as before, we obtain thewiolg
equation for revenue:

/RS TN yi1+1)-¢
fy [,7 )(aﬁaqﬁﬁlt){ p )kt- (9)

This equation shows that the knowledge stiddk likely to contribute
to revenue and therefore to measured productivity growthvwdachan-
nels: directly by increasing the efficiency of prodantiand indirectly by
shifting the demand curve for the firm's products outwanotg thaty is
negative so thatg/n is positive). It is usual to think of these two channels
as process and product innovation.

For full identification of the system implied by equation (9), it vadoé
desirable either to have data on individual firm outpitegrto allow a
separate estimation gfand¢g or to have some information on the compo-
nents ofK that might be directed toward processes and/or protfuéts.
the simplest level, one can gain some idea of the relatiportance of the
two types of innovation for productivity using the innovatthimmy vari-
ables available from the various innovation surveys. One implicafitive
foregoing model is that process innovation will have ambigeffests on

' Mairesse and Jaumandreu (2005) compare prodiyocisttmates using revenue and output
deflated at the firm level for France and SpaireyTto not find any significant differences in the
estimates, but they did not include R&D in the dmranor do they have true quality-adjusted
price deflators. These two facts may account ferdifference between their finding and that of
Mairesse and Hall (1996) for the US.
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revenue productivity, effects that depend on the firm’'gketapower,
whereas the effect of product innovation is likely to be positive.

In the studies reviewed here, the estimation of equa@ipis (generally
performed by regressing a measure of log revenue pelomqmrit —In)

on the logs of capital or investment, firm size measureerims of em-
ployment, and various proxies for innovative activity. Indugtignmies at
the two-digit level are almost always included to colnfior things such as
omitted inputs (in cases where value added is not availaiffeyedces in
vertical integration, the omission of capital stocks ¢ases where only
current investment is available), and the overall levetechnological
knowledge. Although the model is in terms of the stock of knowledge
innovative capability, the usual proxies for this variabte the current
level of innovative activity, measured as a dummy for simevation
during the past three years, or as the share of prodidtthat were intro-
duced during the past three years. Because the estinmtidmast always
cross sectional, the fact that a flow of innovation rather than a staskds
will make little difference to the interpretation dfet estimates, provided
that innovation is persistent within firms. See Pet2@®9) for evidence of
this being the case.

4. The empirical evidence

Appendix Tables 1 and 2 summarize the studies which havepatie o
explicitly estimate a quantitative relationship betwdiem-level produc-
tivity and innovation measuré525 papers are listed, of which all but two
use data from the Community Innovation Survey (CIS) omiigators in
other countries. Of those using CIS-type data, 18 use sarantof the
well-known CDM (Crepon, Duguet, and Mairesse) model for théysisa
One of these papers used both levels and growth ratesatsure produc-
tivity (Loof and Heshmati, 2006), but most have chosen eithveldg14
papers) or growth rates (10 papers) exclusively.

Use of the CDM model implies that most of the estimatesessential-
ly cross-sectional ones that ignore issues of the timing of inmovatid its
contribution to productivity (exceptions are Masso and ®&ah2008;

" The table ignores the large literature which stad®&D and productivity; see Hall et al.
(2010) for a recent survey of this topic.
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Belderbos et al., 2004; Peters, 2006). This is a reflection afahee of
the innovation surveys which ask about innovative behaviangliuhe
past three years and contain or are matched to otheirfformation that
is contemporary with the innovation data. The data availahlsually not
sufficient to construct a time series (panel) forfims involved since the
samples are redrawn for each survey and therdlésditerlap'® Thus, the
analysis usually relates productivity in one period rinovation in the
same period or slightly before that period but it doestnage out any dy-
namic response. It is noteworthy that the results fop#pers that do use
lagged measures of innovation are not notably different ftese using
contemporary measures, reinforcing the cross-sectiomblcay-run na-
ture of these results.

The CDM model has been described by many others in detailthe
references in appendix Tables 1 and 2) and | will only summarize itlhere
generally consists of three sets of relationships,iteetivo of which can
involve more than one equation. The first set of equations desuritsth-
er a firm undertakes R&D and, if so, how much, as a functidinmfand
industry characteristics. The second set describes theusasipes of in-
novation outcomes as a function of R&D intensity and other/ifidastry
characteristics. In many cases, the R&D variable in the atimv equa-
tions is computed as the expected R&D intensity, giveritims charac-
teristics. This procedure is grounded on the idea that rilany do infor-
mal R&D but do not report their spending separately to stiaistical
agency performing the survey. In a sense, the modelifilkheir R&D
values with what might have been expected given their sidastry, na-
ture of competition, etc. Looked at in another way, includingfitied
value of R&D intensity for firms that actually repd®&D is a form of
instrumental variable estimation of the innovation equati which helps
correct for the simultaneity that might be present tduehe fact that inno-
vation is measured over the past three years, whereBsiREequently a
current year measure.

The innovation equations in the CDM model can be probit teansa
for the probability of product, process, or organizatiomabvation or they

18 For example, Criscuolo and Haskell (2003) refuat there are 1 596 manufacturing firms
in their CIS2 sample and 4 567 in their CIS3 samplé only 509 appear in both surveys. Hall et
al. (2008) have 9 462 firms in their sample dravemf three MCC surveys, but only 608 of these
firms appear in all three surveys.
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can also include an equation for the share of innovatiles (typically the
sales share of products introduced during the past threg) ykathe latter
case, the variable is sometimes transformed using Iagisform which
allows for infinite rather than finite support. Thatifsz is the share, rang-
ing from 0 to 1, the logit transforiog(z/(1-z))e (-0, +) is used-® Fol-
lowing the logic used above, the predicted innovation probiabilibr
shares are then included in a productivity equation. Thdtheg estimates
give the contribution of expected innovation conditional on R&D dahdro
firm characteristics to productivity.

Tables 2a (levels, using innovative sales share), 2b (lewstsy the
product innovation dummy), and 3 (growth rates) summarizesthdts of
estimating the productivity-innovation relationship frone thapers listed
in the appendix tables. | discuss each of these tablesninitwhould be
noted that although | am treating the estimates as compatiablprecise
regressions used in any particular paper will diffemfrthose in other
papers, as will the data construction itself. In additioost researchers
have included innovation variables that are predictedesaftom earlier
regressions, as in the CDM model, while a few have includedctual
innovation variables from the survey.

In spite of these variations, the results for thestaldy of output with
respect to the innovative sales share (shown in Tablar2areasonably
consistent across countries and time periods. The highstitities (0.23-
0.29) are for knowledge-intensive or high-technology sectorst bMdbhe
elasticities for Western Europe lie between 0.09 and 0.13, asd les
developed countries, the service sector, and the low technekgrs
have elasticities less than 0.09, with the exception of the weigdificant
estimate for Chilean data. Thus, we can conclude that itimesales are
associated with revenue productivity, and that the adgwtis stronger
for higher technology sectors. For a typical Western Eeaopnanufactur-
ing firm, doubling the share of innovative sales will inceeasvenue
productivity by about 11 percent.

1 The alert reader will note that this expressioaridefined foz=0 andz=1. Normally, this
problem is solved by settirg=0.01andz=0.99 respectively.
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Table 2a. Results for the productivity-innovation r elationship in TFP levels (prod-
uct innovation measured as innovative sales share)

Sample Time period Elasticity with Process innov a-
respect to tion dummy
innov. sales
share
Chilean mfg sector 1995-1998 0.18 (0.11)*
Chinese R&D-doing mfg sector 1995-1999 0.035 (0.002)***
Dutch mfg sector 1994-1996 0.13 (0.03)*** -1.3 (0.5)***
Finnish mfg sector 1994-1996 0.09 (0.06) -0.03 (0.06)
French mfg sector 1986-1990 0.07 (0.02)***
French Hi-tech mfg # 1998-2000 0.23 (0.15)* 0.06 (0.02)***
French Low-tech mfg # 1998-2000 0.05 (0.02)*** 0.10 (0.04)***
German K-intensive mfg sector 1998-2000 0.27 (0.10)*** -0.14 (0.07)**
Irish firms # 2004-2008 0.11 (0.02)*** 0.33 (0.08)***
Norwegian mfg sector 1995-1997 0.26 (0.06)*** 0.01 (0.04)
Swedish K-intensive mfg sector 1998-2000 0.29 (0.08)*** -0.03 (0.12)
Swedish mfg sector 1994-1996 0.15 (0.04)*** -0.15 (0.04)***
Swedish mfg sector 1996-1998 0.12 (0.04)*** -0.07 (0.03)***
Swedish service sector 1996-1998 0.09 (0.05)* -0.07 (0.05)

Source: Author's summary from Appendix Table 1.

Note: # Innovative sales share and process innovation included separately in the production function.

Table 2b presents the results of the productivity regreshatnuses a
0/1 measure of product innovation instead of the innovatives sdlare.
For reasons mentioned earlier, this measure will gryhe size of the
firm purely for measurement reasons and should be consideradch
weaker proxy for innovative output. We do see that the teesné more
variable, although still positive for the most part. Fomuofacturing sec-
tors in Western Europe, the typical values are around 0.05-pBing
that product innovating firms have an average productikigy is about 8
percent higher than non-innovators, but there is a wide dispersion.

The results for process innovation in both Tables 2a angr@keven
more variable, with some being negative, some zero, and positive.
Note that the few positive estimates in Table 2a are for the tses eehere
the authors included this variable alone in the produgtikdéigression,
without the innovative sales variable (Mairesse e2805 for France and
Siedschlag et al., 2010 for Ireland). The other positivanagts occur
when product innovation is measured by a dummy rather thémelshare
of innovative sales, which suggests that they are parlytduhe meas-
urement error implicit in using a dummy to proxy for innawat That is,
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we know from many of the surveys that process and productatinowgo
together. Therefore, if we have a weak measure of prodoovation, we
might expect the process innovation dummy to pick up moreeobverall
innovative activity. Recalling the discussion of equation (¥ could
argue that the estimates in Table 2a, which are mostgtive for process
innovation and positive for product innovation, suggest that firm®per-
ating in the inelastic portion of their demand curves #Hrat revenue
productivity is enhanced mainly by the introduction of nexd amproved
products, and not by efficiency improvements in the production prétess.

Table 2b. Results for the productivity-innovation r elationship in TFP levels
(product innovation measured as a dummy)

Sample Time period Product innov a- Process innov a-
tion dummy tion dummy

Argentinian mfg sector 1998-2000 -0.22 (0.15)

Brazilian mfg sector 1998-2000 0.22 (0.04***

Estonian mfg sector 1998-2000 0.17 (0.08)** -0.03 (0.09)

Estonian mfg sector 2002-2004 0.03 (0.04) 0.18 (0.05)***

French mfg sector 1998-2000 0.08 (0.03)**

French mfg sector 1998-2000 0.06 (0.02)*** 0.07 (0.03)**

French mfg sector 1998-2000 0.05 (0.09) 0.41 (0.12)***

French mfg sector 2002-2004 -0.08 (0.13) 0.45 (0.16)***

French service sector 2002-2004 0.27 (0.52) 0.27 (0.45)

German mfg sector 1998-2000 -0.05 (0.03) 0.02 (0.05)

Irish firms # 2004-2008 0.45 (0.08)*** 0.33 (0.08)***

Italian mfg sector 1995-2003 0.69 (0.15)*** -0.43 (0.13)***

ltalian mfg sector SMEs 1995-2003 0.60 (0.09)*** 0.19 (0.27)

Mexican mfg sector 1998-2000 0.31 (0.09)**

Spanish mfg sector 2002-2004 0.16 (0.05)***

Spanish mfg sector 1998-2000 0.18 (0.03)*** -0.04 (0.04)

Swiss mfg sector 1998-2000 0.06 (0.02)***

UK mfg sector 1998-2000 0.06 (0.02)*** 0.03 (0.04)

Source: Author's summary from Appendix Table 1.

2 The results surveyed here do not generally incthdeeffects of organizational innovation,
which has been shown to be associated with revprageictivity improvement, especially when
accompanied by IT investment. However, in many €ade data available on organizational
innovation (a simple dummy variable) does not altegearchers to include this variable along
with the other innovation variables in productiviBgressions, due to the collinearity of the
various innovation variables previously referred to
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Table 3. Results for the productivity-innovation re lationship in TFP growth rates

Sample Time Elasticity wrt Product inn o- Process inn o-
period Innov sales vation dummy vation dummy
share
Argentinian mfg 1992-2001 0.09 (0.08) 0.18 (0.08)**
sector
Dutch mfg sector ~ 1994-1998 0.009 0.001)*** -1.2 (0.7)*

Dutch mfg sector ~ 1996-1998 0.0002*** #

French mfg 1986-1990 0.022 (0.004)**=*

sector

German mfg 2000-2003 0.04 (0.02)** 0.14 (0.08)* @
sector

ltalian mfg sector ~ 1992-1997 0.12 (0.09) 0.04 (0.12)
Spanish mfg 1990-1998 0.015 (0.004)***

sector

Swedish mfg 1996-1998 0.07 (0.03)**

sector

Swedish service 1996-1998 0.08 (0.03)***

sector
UK mfg sector 1994-1996  -0.02 (0.02) 0.02 (0.01)*
UK mfg sector 1998-2000  0.07 (0.03)** -0.04 (0.02)*

Source: Author's summary from Appendix Table 1.

Notes: # elasticity with respect to innovation expenditure per sales. @ elasticity with respect to cost reduction per
employee.

Table 3 presents results for a productivity regressibere the left-
hand side is productivity growth, rather than its leVdiis relationship is
not precisely the growth rate version of the regressiuaislie behind Ta-
ble 2, since it relates growth to the level of innovativévigt not to its
growth rate. In general, the results are similar toshghtly lower than the
level version of the equation, with an innovative saledielysfocused on

the range 0.04-0.08, and a product innovation dummy of about 0.02.

before, process innovation is negative when included withugtadnova-
tion in the equation, although positive on its own. It is notéhy that the
only study with a true estimate of the cost savings dygdoess innova-
tion rather than a dummy (Peters, 2006) yields a large argimaby sig-
nificant elasticity of 0.14, implying that if we had betteeasures of pro-

As
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cess innovation, we might be able to considerably improve thsure of
its impact.

From this summary of the empirical relationship betwdenvarious
innovation measures and firm-level revenue productivity, aveconclude
the following: first, there is a positive relationshifpeit somewhat noisy,
between innovation in firms and their productivity, i.e. bibth level and
its growth. Second, the positive relationship is primarilg do product
innovation. The impact of process innovation is more varialoig,codten
negative. This can be interpreted in one of two wyes:typical firm en-
joys some market power, but operates in the inelastic portios déihand
curve so that revenue productivity falls when it becomesenefficient.
Alternatively, it is possible that there is so much meament error in the
innovation variables that only one of the two is positive sighificant
when entered in the productivity equation. Without instmtsi¢hat are
better targeted to predicting the two different kindsirofovation, this
possibility cannot be ruled out.

5. Conclusions

The foregoing survey of empirical evidence on the mtstiip between
innovation and productivity finds an economically significant atpof
product innovation on revenue productivity and a somewhat armbiégu-
ous impact of process innovation. As | have argued, the tatialt is pri-
marily due to the fact that we are not able to meathegereal quantity
effect of process innovation, which is the relevant gtyafar social wel-
fare. We can only measure the real revenue effect, which nemibhe
impact of innovation on both quantity and price. So overallcare con-
clude that in spite of the fact that innovative activityhot very well meas-
ured in many cases, it does generally increase an dodiviirm’s ability
to derive revenue from its inputs.

Naturally, this conclusion leads to new questions. Whatla factors
in the firm’s environment that encourage such innovatitévity? And
how is aggregate productivity influenced by the innovatietvities of
individual firms? Although it is beyond the scope of this pdpesinswer
these questions, some promising avenues to explore bagatly been
suggested in the literature. Taking the second questistn the approach
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of Foster et al. (2008), although intensive in its dataireaqents, has
yielded interesting insights into the relative importanégroductivity
growth in existing firms and net entry in aggregate produgtgriowth. In
addition, these authors perform a detailed analysihefdifferences be-
tween revenue productivity growth and “physical” produdfivifrowth,
making the same distinction between efficiency and demandetfeat |
have made in this survey. They find that the use of revpraghuctivity
will tend to understate the contribution of entrants tmdpctivity growth,
and that demand variation is a more important detemhiofafirm survival
than efficiency in production.

A very interesting line of work would be to understand tkierd to
which innovative activity on the part of entrants and tkistieg firms is
behind the results in Foster et al. (2008). That is, the papeides evi-
dence on the composition of aggregate productivity growth Bubmats
sources. Aghion et al. (2009) find that foreign firm entry in teahgiohlly
advanced UK sectors spurs both innovation (measured astg)asand
productivity growth, whereas entry by such firms in iaggsectors reduc-
es innovation and productivity growth by domestic firms in thestoss,
arguing that this is due to the fact that firms arealisaged by the cost of
catching up. On the other hand, Gorodnichenko et al. (2010), datag
from emerging market countries in Eastern Europe and theefaSoviet
Union, find a robust relationship between foreign competit{self-
reported by the firms) and innovation in all sectors, incdgdhe service
sector. Thus, we have evidence that at least some kiredgrgfencourage
innovative activity, although relatively little that tracee path from entry
to innovation and then to productivity.

As to the regulatory and financial environment that erages innova-
tion on the part of firms, following important efforts led the World
Bank to collect data on entry regulation, the rule of land other country
characteristics, a substantial cross-country growehelitire has developed
that relates these characteristics to entry (Djankaw.,e2002; Aidis et al.,
2009; Ciccone and Papaioannou, 2006), investment (Alesina et al., 2003),
productivity (Cole et al., 2005), and firm size and growthrfleis and
Sarria-Allende, 2004; Klapper et al., 2006). Briefly summarizednger
entry regulation and/or higher entry costs are assatiaith fewer new
firms, greater existing firm size and growth, lower TH3s investment,
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and higher profit§* Most of the studies cited have made a serious attempt

to find instruments or controls which allow them to argue thatréhation-

ship is causal. Thus far, none of these studies explioitlys at the impact
on innovative activity and its relationship with productiyialthough one
can argue that the entry of new firms is a form abiation. Getting a full
picture of the macro-economy that incorporates firm eatny exit, inno-
vation, and the resulting productivity growth, a picturat ttwvould allow

one to clearly understand the use of various policy leigis goal not yet
achieved in the literature.

One avenue that looks promising is the work of Bartelseiaal.
(2009) who extended Foster et al. (2008) to look at the aNecafficien-
cy of entry and exit by firms to data on firms in the US sexen Europe-
an countries. They develop a relative diagnostic meadureefficient
allocation of resources across firms based on the coeariaf firm size
and productivity within industry. The idea of this measigr¢hat econo-
mies that are subject to inefficient regulation thegvpnts firms from
growing or shrinking to their optimal size will displayiaver correlation
between firm size and productivity, since more productive fisiisnot be
able to grow and displace less productive firms. They ghaithis meas-
ure changed in the way one would expect in three EaspEan countries
between the early 1990’s and the 2000’s. However, in spite pfdtaise
for analyzing the sources of aggregate productivity grottis kind of
work has formidable data requirements. It also does nohgetgorate any
measure of innovation as a causal measure, but it seatextending this
approach might be useful for exploring the simultaneolaioaship be-
tween innovation, regulation, and productivity.

6. Policy implications

| close this survey with a few thoughts on what thesealt® might mean
for policy directed towards improving the productivity feemance of
European firms. The empirical results surveyed, which cavarge num-

ber of countries, mostly in Europe, do not suggest that firms are “underpe

forming”. Innovation in European countries is as high or higherittiarin

2 see Djankov (2009) for a recent survey of thiaréture.
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those few non-European countries with which comparison sitgegno-
tably Japan, and perhaps the United States), and itatessnto produc-
tivity improvements in the way one might have expectedthVit
measures of innovation expenditures, it is not possible tpummates of
return, but innovative sales elasticities in the range.@® to 0.13 are rea-
sonable when compared to what we know about R&D elastiditi¢ise
production function.

A second implication of the results here is that becarmseps innova-
tion can increase real output while leaving revenue mastbhanged at
the individual firm level, evaluating the overall impadtprocess innova-
tion requires consideration of its impact on price as asgliquantity. In
addition, one of the main consequences of innovation isylikebe the
exit of some (inefficient) firms and the entry of new inrtowa firms,
which implies that studying overall productivity impacts regglian exam-
ination of aggregate data as well as the micro evielenrveyed here.
Taken together with the mostly good innovation-productivitfqrerance
of the individual firms studied here, this implication suggebkat policy-
makers direct their attention to the extent to which entry andegalation
impacts the rationalization of industry structure ispa@nse to innovative
activity.

One final policy implication concerns the nature of théadéerived
from innovation surveys. Because of the inherent imprecisi@encafmmy
variable for innovation and the problem associated with ukisgvariable
across a large size range of firms, researchers ai) pohkers should
strongly resist using the innovation dummies to say anythiadytaoal
about innovation and firm size. For this purpose, the difasales that are
products new to the firm is a much better indicator, sincemoves the
scale problem from the data.
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Appendix Table 1. Empirical studies of the producti vity-innovation relationship using productivity lev els
Authors (year) Country Observations Method* Output Innov measure Estimated impact of innovation Comments
measure
Benavente Chile 1995-1998 CDM model: Log VA per Log innov 0.18 (0.11)* SR prod not related to innova-
(2006) 438 mfg plants ALS emp sales share tion or R&D, but related to
engineers & admin (higher
salaries); innovation due to
capital, not in productivity.
Crepon et al. France SESSI 1986-1990 CDM model: Log VA per Log innov 0.065 (0.015)*** Positive impact of innovation
(1998) ~5000 innov mfg firms ALS emp sales share sales share on productivity, as
well as positive association of
productivity with human capital
in labor force.
Griffith et al. France, CIS3 1998-2000 CDM model: Log sales per Product and FR: 0.07 (0.03)** proc Estimation in 3 steps, no
(2006) Germany, FR 3625 mfg firms sequential with emp process 0.06 (0.02)*** prod bivariate probit. Process
Spain, UK DE 1123 mfg firms v dummies DE: 0.02 (0.05) proc innovation adds 0.07 in
ES 3588 mfgfims -0.05 (0.03) prod France, nothing in other
UK 1904 mfg firms ES: -0.04 (0.04) proc countries; Product innovation
0.18 (0.03)*** prod positive except in Germany.
UK: 0.03 (0.04) proc
0.06 (0.02)*** prod
Hall et al. (2011) Italy MCC 1992-2003 CDM with 4 Log sales per 4 innov prod: 0.69 (0.15)*** Innovation variables not
14294 mfg firms types of emp dummies proc: -0.43 (0.13)*** separately well-identified in
innovation: 196roductiveity equation;
FIML for process appears to be
selection; negative and product positive

quadrivariate
probit; IV

for TFP.




Appendix Table 1. Continued....

Authors (year) Country Observations Method* Output Innov measure Estimated impact of innovation Comments
measure

Janz et al. Germany CIS3 1998-2000 CDM model: Log sales per Log innov DE: 0.27 (0.10)*** prod Allowed for feedback from
(2003) Sweden 1000 K-intensive sequential with emp sales per emp, -0.14 (0.07)** proc productivity to innovation

mfg fims v process SE: 0.29 (0.08)*** prod output. Elasticity of 197roduc-

dummy -0.03 (0.12) proc tiveity wrt innov sales similar in
both countries.

Jefferson et al. China 1995-1999 CDM model: Log sales per Log innov 0.035 (0.002)*** No correction for innovation
(2006) 5500 R&D-doing sequential with emp sales share selection bias.

large/medium v

sized fims
Loof and Sweden CIS3 1996-1998 CDM variation: Log VA per Log innov prod: 0.12 (0.04)*** mfg Survey data less reliable than
Heshmati (2006) 1071 mfg firms FIML on emp sales per emp, 0.09 (0.05)** service register data; sales not as

718 service firms selection process proc: -0.07 (0.03)*** mfg good as VA in productivity eq

92 utility firms submodel; dummy -0.07 (0.05) service

3SLS; sensitiv-
ity analysis
Loof et al. (2001) Finland, CIS2 1994-1996 (1995- CDM variation: Log sales per Log innov FI:  0.090 (0.058) prod Allows for simultaneity btwn
Norway, 1997 in Norway) sequential with emp sales per emp, -0.029 (0.060) proc innovation & output - feedback
Sweden NO: 485 mfg firms 3SLS process NO: 0.257 (0.062)*** prod in NO but not Fl and SE.
FI: 323 mfg fims dummy 0.008 (0.044) proc Elasticity slightly higher for

SE: 407 mfg firms

SE: 0.148 (0.044)** prod
-0.148 (0.043)*** proc

radical innovations.
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Authors (year) Country Observations Method* Output Innov measure Estimated impact of innovation Comments
measure
Mairesse and France CIS3 1998-2000 CDM model: Log VA per Product and mfg 98-00: Estimation is in 3 steps, but
Robin (2010) 3500 mfg firms FIML for emp process 0.41 (0.12)*** proc also in 2 steps, with innov &
CIS4 2002-2004 selection eqgs; dummies 0.05 (0.09) prod labor productivity equations
5000 mfg firms bivariate mfg 02-04: combined. Process innovation
3600 service firms probit; IV 0.45 (0.16)*** proc enters productivity, but not
-0.08 (0.13) prod product. Explores using a
service: 0.27 (0.45) proc single innovation indicator,
0.27 (0.52) prod which works just as well.
Mairesse et al. France CIS3 1998-2000 CDM & Log VA per Logit transform HT: 0.23 (0.15)* TFP using output; going
(2005) 2200 mfg firms variations emp of innov sales 0.07 (0.03)*** radical through innovation does not
share, process 0.06 (0.02)*** process add much to estimates of
dummy, other LT: 0.05 (0.02)*** return to R&D, after correcting
dummies - all -0.08 (0.05)* radical for selectivity and endogenei-
separately 0.10 (0.04)*** process ty; endogeneity correction impt
for innov variables.
Masso & Vahter Estonia CIS3 1998-2000 CDM variation: Log VA per Product and prod 98-00: 0.21 (0.08)*** Uses innov expenditure rather
(2008) 1467 mfg firms sequential with emp process 02-04: 0.00 (0.05) than R&D; proc & prod
CIS4 2002-2004 bivariate probit dummies (org proc 98-00: -0.06 (0.10) dummies; prod innovation
992 mfg firms for innov dummies in 02-04: 0.15 (0.06)*** increases productivity in
2nd period) recession; proc innovation in

growth period. One and two
year lag effects are roughly
the same (cross sectional).
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Authors (year) Country Observations Method* Output Innov measure Estimated impact of innovation Comments
measure
Masso and Estonia CIS3 1998-2000 CDM variation: Log sales per Product and prod 98-00: 0.17 (0.08)** uses innov expenditure rather
Vahter (2008) 1467 mfg firms sequential with emp process 02-04: 0.03 (0.04) than R&D; proc & prod
CIS4 2002-2004 bivariate probit dummies (org proc 98-00: -0.03 (0.09) dummies; prod innovation
992 mfg firms for innov dummies in 02-04: 0.18 (0.05)*** increases productivity in
2nd period) recession; proc innovation in
growth period. One and two
year lag effects are roughly
the same (cross sectional).
Roper Netherlands CIS 3.5-4.5 2002-2006 augmented Log VA per 3innov mfg: Org innovation has strongest
~1200 mfg & service CDM emp dummies (proc 1.7 (0.4)*** org alone TFP effects. Process and
firms prod org) in 1.0 (0.5)** org & proc product, only when combined
combo 0.9 (0.2)*** all with org innovation. However,
serv: signs of coefficient instability
4.3 (0.5)*** org alone due to correlation of 8 combi-
17.1 (2.2)*** org & proc nations when predicted.
-8.3 (1.3)*** proc & prod
3.9 (0.5)*** all
Raffo et al. France, CIS3 1998-2001 mfg CDM model: Log sales per product & AR: -0.22 (0.15) Interaction of innovative
(2008) Spain, AR 1308 firms sequential with emp organizational BR: 0.22 (0.04)*** activities with national systems
Switzerland, BR 9452 firms v innov dummies MX: 0.31 (0.09)*** weaker in developing coun-
Argentina, MX 1515 firms FR: 0.08 (0.03)** tries. Foreign and domestic
Brazil, FR 4618 firms ES: 0.16 (0.05)** subs are uniformly more
Mexico CH 925 firms CH: 0.10 (0.06)* productive, but do more R&D

ES 3559 firms
(2002-04)

only in France and Brazil.




Appendix Table 1. Continued....

Authors (year)

Country

Observations

Method*

Output
measure

Innov measure

Estimated impact of innovation

Comments

van Leeuwen
and Klomp
(2006)

Siedschlag et al.

(2010)

Nether-lands

Ireland

CIS2 1994-1996
1400 innov firms

CIS3 2004-2006
CIS4 2006-2008
723 firms (balanced panel)

CDM variation:
3SLS

CDM variation:
sequential with
v

Log sales per
emp

Log sales per
emp

Process
dummy; innov
sales share

Product,
process, and
organizational
dummies,
innov sales
share - all
separately

prod: 0.13 (0.03)***
proc: -1.3 (0.5)***

innov sales: 0.11 (0.02)***
prod: 0.45 (0.08)***
proc: 0.33 (0.08)***

Includes market share eq;
feedback from sales to
innovation; revenue function
approach better than VA prod
function framework (innov
sales do not enter VA function
in the presence of R&D and
markup coefficients).

Uses innovation expenditure
instead of R&D spending;
includes FDI and foreign
ownership characteristics.

Source: Author's collection, supplemented by Table A.1 (Chudnovsky et al., 2006), Table 4.1 (Peters, 2006).

Notes: * CDM = Crepon, Duguet, Mairesse model described in text. ALS = asymptotic least squares on multi-equation model. 3SLS = three stage least squares. FIML = full information maximum

likelihood on multivariate normal model. OLS = ordinary least squares. IV = instrumental variable estimation.



Appendix Table 2. Empirical studies of the producti vity-innovation relationship using productivity gro wth
Authors (year) Country Observations Method Output Innov meas- Estimated effect Result
measure ure
Belderbos et al. Nether-lands CIS2, CIS3 1996-1998 Productivity eq Log VA per Innov exp per elasticity ~ 0.0002 (0.00003)*** Productivity and innov sales
(2004) 2056 mfg firms only emp sales share on lagged innovative

Chudnovsky et al.

(2006)

Criscuolo and
Haskel (2003)

Duguet (2006)

Geroski (1989)

Argentina

UK

France

UK

INDEC-SECYT 1992-1996
INDEC-SECYT 1998-2001
718 mfg firms in
a panel

CIS2, 3 1994-2000
5000 mfg firms

SESSI 1986-1990
~5000 mfg firms

1976-1979
79 industries

CDM variation:
sequential
estimation with
FE

single eq
regression for
TFP growth:
oLS

TFP growth
reg with latent
innov or
dummies
(GMM)

panel reg
(CRS)

Log sales per
emp

TFP growth
(not clear if
sales or VA)

Log VA per

hour

Log output per
capital

product and
process
dummies;
interactions

Process
dummy; share
of innov sales

dummies for
radical &
incremental
innovation

#ind innov
(flow) during
past 3 yrs

prod only: 0.09 (0.08)
proc only: 0.18 (0.08)**
both: 0.14 (0.06)*
any: 0.13 (0.05)***

proc 94-96: 0.016 (0.009)*
proc 98-00: -0.038 (0.019)**
prod 94-96: -0.022 (0.017)
prod 98-00: 0.065 (0.033)**

0.022 (0.004)*** radical
-0.01 (0.01) incremental

0.025 (0.010)**

activity and various kinds of
cooperation.

Uses innov expend rather than
R&D; fixed effect single eq
estimation. Uses logit for
prod/proc/both innovation
dummies. R&D increases prob
of prod innov; Tech acquisition
increases prob of both.

Process innovation lead to
TFP growth but with substan-
tial lag; novel process innova-
tions negative at first.

Only radical innovations affect
TFP growth, with a coefficient

of 0.02. Latent innovation does
not enter.

Distributed lag of innovation
counts more important than
entry for TFP.
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Authors (year) Country Observations Method Output Innov meas- Estimated effect Result
measure ure
Huergo and Spain 1990-1998 semiparamet- TFP growth process innov 0.015 (0.004)*** all Process innovation leads to
Jaumandreu 2300 mfg firms ric estimate of dummy 0 uncensored (innovators) TFP growth immediately, then
(2004) TFP declines slowly over time.
Primary interest is age distribu-
tion of investment returns.
Loof and Hesh- Sweden CIS3 1996-1998 sensitivity Log VA per Log innov 0.07 (0.03)** mfg Mfg, prod level - 0.12 elasticity
mati (2006) ~3000 mfg, analysis using emp sales per emp 0.08 (0.03)*** service with innov sales
service, + utility CDM model higher for profits, lower for
firms services
mfg, prod growth - elasticity
0.07 wrtinnov sales
higher for profits; and for
services
survey data less reliable than
register data; sales not as
good as VA.
Parisi et al. (2006) Italy MCC 1992-1997 TFP growth Log sales per Product and prod: 0.12 (0.09) Process innovations add to
465 mfg fims regressions: IV emp process proc: 0.04 (0.12) prod growth; product innova-
in both surveys dummies tions do not enter. R&D
elasticity is 0.04. R&D enters
product innovation but not
process.
Peters (2006) Germany MIP 2000-2003 CDM variation: Log sales per Log innov prod: 0.04 (0.02)** Uses survey estimates of cost
522 mfg innov sequential emp sales per emp; proc: 0.14 (0.08)* savings due to process
firms estimation Log cost innovation as well as innova-

reduction per
emp

tive sales share; lag between
innovation and productivity
growth.
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Authors (year) Country Observations Method Output Innov meas- Estimated effect Result
measure ure
Sterlacchini UK 1954-1984 cross sections TFP growth #ind innov 0.08 (0.04)** inn produced Correlates R&D and SPRU
(1989) 15 mfg inds for 6-year averaged over produced; # 0.07-0.30 innov used innovations by industry of
periods 6 years ind innov used origin and use - ranking same.

van Leeuwen
(2002)

Nether-lands

CIS2,3 1994-1998
1929 mfg innov
firms
510 mfg innov
firms pooled

CDM variation:

FIML on
submodels for
selection

Log sales per
emp

share of innov
sales; process
dummy

prod dyn: 0.006 (0.004)*
prod static: 0.009 (0.001)***
proc dyn: -1.2 (0.7)*

proc static: -0.20 (0.50)

Prior to 73, ind of more impt for
TFP. After, correlation btwn
R&D growth and TFP, proba-
bly due to simultaneity. In
1980's, relationship btwn
R&D/innov & TFP breaks
down.

Uses Griliches-Mairesse 1984
to connect revenue to
knowledge stock via demand
equation; also includes
process innovation dummy.
Estimation is both static
(pooled across periods) and
dynamic (second period only).

Source: Author's collection, supplemented by Table A.1 (Chudnovsky et al., 2006), Table 4.1 (Peters, 2006).

Notes: * CDM = Crepon, Duguet, Mairesse model described in text. ALS = asymptotic least squares on multi-equation model. 3SLS = three stage least squares. FIML = full information maximum

likelihood on multivariate normal model. OLS = ordinary least squares. IV = instrumental variable estimation.






Comment on Hall: Innovation and
productivity

Ari Hyytinen”

Bronwyn Hall's review essay focuses on the pros and odrdifferent
(survey-based) measures of firms’ innovative activitend the ways in
which the relation between innovation and productivity has beeyzaadial
in the recent economics literature.

The essay is a careful review of a well-defined reteguestion. It
addresses all the important questions which a priongre field or a poli-
cy-maker ought to ask: Why should we care? What are yirgtrto
measure and what can we measure? How should we niadéhk be-
tween innovation and productivity? And, finally, what do we know?
What are the policy implications of the findings in this litera®ur

Figure 1 provides a simplified summary of the economic setftipe
review. It illustrates the two main mechanisms via whieh (formal and
informal) research and development (R&D) efforts of firmay lead to
process and product innovations and thereby to higher (revprag)c-
tivity.

As is carefully documented in the review, most of thpeps in the
field use (cross-sectional) data from the Community IntioweSurveys
(CIS) or its close cousins, with many analyses relginghe econometric
model originally introduced by Crepon et al. (1998). The reviem co
cludes that despite the fact that innovative activity caanobnly be
measured imprecisely, there is a clear positivetioglabetween firms’
innovative activity and their productivity. This positive r@atcan pri-
marily be attributed to product innovations.

P University of Jyvaskyl4, ari.hyytinen@econ.jyu.fi.
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Figure 1. Innovations and (revenue) productivity
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The review is a very nice read, but both primershiofield and poli-
cy-makers ought to carefully note its limited scope: Tddew essay is
not self-contained in the sense that it only covershaetuof the issues
relevant for understanding productivity. Therefore, it shdaddread to-
gether with other surveys of the literature on the det@nts of produc-
tivity. Relevant related surveys have recently bedttem both by Bron-
wyn Hall together with her co-authors (e.g., Hall et al., 2@K0vell as
by other scholars in the field (e.g., Syverson, 2011).

Given the carefully defined scope of the review, | fimy comments
to three viewpoints. The viewpoints | take are those aténtial “con-
sumers” of Hall's review essay (and this journal), iesearchers plan-
ning to enter the field, policy-makers considering apprtgriaterven-
tions and statistical agencies collecting data on the innovativétias of
firms.

Viewpoint 1: The review could perhaps be more explicittsnrec-
ommendations for a potential researcher in the fieldh @ueader would
clearly benefit if the review took a more systemagipraach to the most
important problems and some recent advances in the literature.

Are the problems in the current literature, such agang reliance on
cross-sectional data and quite imperfect measures ofdtions, serious
enough to cast some doubt on the reliability of the empifindings?
Are the (econometric) identification strategies in fiterdture credible?
In which direction might the results be biased? Given hde wkperience
of these issues, Hall's views and conjectures would ndtdbanefit
those who plan to begin research efforts in this field.

The framework presented in the review is perhaps ®disimplified
to put the recent literature into a proper context.dxample, it does not
allow for an assessment of the relative importancerofsfi innovative

! See also Hall and Lerner (2010) for a survey mdriicing of innovation and Mairesse and
Mohnen (2010) on further insights about the usedvation surveys.
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activities as a determinant of productivity. Syverson (20tayiges a
wider perspective on this and is therefore worth takingok at. Moreo-
ver, for readers from small open (Nordic) economies, somentead-
vances in the literature, such as Cassiman et al. (20ddhassizing the
triangle between innovations, exports and productivity, magfhater-
est.

Viewpoint 2: The review is quite brief in its policy discigss It
leaves opemvhat the appropriate role for public policyirsthis particular
context. For example, a busy policy-maker should not rush tductnc
from the findings of the review that product innovations &hde sup-
ported more than process innovations, or vice versa.blibg policy-
maker ought to be reminded that unfortunately, it is uncldesther the
literature using innovation survey data makes it posdibleraw any
conclusions about the need for policy-interventions orytpe of reforms
that would be most effective.

Viewpoint 3: Given the potential readership of tierdic Economic
Policy Reviewone might wonder if the findings in Hall's review essay
have implications for statistical agencies (and their mastertst @re the
most important research questions that have not been astilEssause
of lack of appropriate data? Do we need better measfineduct and
process innovations, completely new innovation variables, or bomget
else? The review could be more explicit about these ignestTo me,
Hall's review suggests that being able to study the dynabetseen
productivity and innovative activities and the intensive artéresive
margins of firms’ heterogeneous innovative activities wolokd a top
priority for the researcher community. Such analysesfoalpanel data
and better continuous measures of firms’ various innovative &esivit
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A personnel economics approach to
productivity enhancement

Edward P. Lazeaand Kathryn L. Shaw

Summary

Personnel economics is a field that grew out of businessatdn and
the need to provide aspiring managers with methodsnéweasing firm
productivity. Most of the literature focuses on compensatiod man-
agement practices that affect productivity with thel gbaxplaining in a
positive sense and guiding in a normative sense the appo#uat are
used by firms. Examples of the practices and methodsdacperfor-
mance pay, based on relative or absolute performanceséef teams
and their formation among workers with complementarysskilhd care-
ful screening of workers. This essay discusses sombeoémpirically
most significant productivity-increasing methods, the impmea of
which is growing over time. The use of these practicesosely aligned
with technological change, especially that which has maessurement,
implementation and the necessity to use these approawrescritical.
As technology progresses, personnel economic approaches to pieduct
ty enhancement are likely to become even more important.

Keywords:Personnel economics, productivity, human resource practices.
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The essence of personnel economics is enhancement of prdguctivi
Personnel economics is defined as the application of foea@nomic
theory and sophisticated statistical techniques tottoadi human re-
sources issues. Like all economics, personnel economics leasféar-
tures that distinguish it from standard personnel analy&est, the ap-
proach assumes rational maximizing agents. This méang is possible
to predict individuals’ behavior. Sometimes individuads have prefer-
ences that are nonstandard in the sense that they cateottimrs, care
about their relative standing in an organization, or edmit the way that
supervisors view them, but all of these can be built sitmdard ap-
proaches that are used in economics. Personnel econoragghese
approaches to derive predictions about the real world.

Second, personnel economics builds in the importance of @uiti.
No model in economics is complete without understanding whalile
rium behavior will be and the same is true in personoeh@mics. This
is particularly true in understanding how firms intenaith one another.
For example, a firm might attempt to exploit its workersr@it operat-
ing in an environment that was competition free, the firm might betable
get away with such behavior. However, in a competitive labarket,
where firms have to attract workers and retain them, expitat driven
out of business by firms that behave more appropriateime8mes this
may take time and there is no presumption that equilibrivaclgeved
instantaneously, but fundamentally firms do not operatevacuum and
neither do workers.

Finally, economics focuses on efficiency. That is, understgnd
whether there are actions that can be taken that can maksidegtbetter
off in a transaction. By doing so, the economic approachaduptivity
allows us to assess whether the gains exceed thamtshake welfare
comparisons based on these assessments.

Those points are primarily methodological. They describe #id fi
and its approaches in terms of tools used and assumptiads to per-
form the analytic work but what personnel economics aflyr@bout is
enhancing productivity. The main focus of personnel economicg-is e
plaining what we see in the real world and also providjnglance to
firms so that they can think about their human resouraetipes more
systematically and achieve higher levels of productivithe key re-
quirement is that firms maximize profits or productivitonsistent with
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attracting workers. An alternative way of thinking abdus,twhich gen-
erally results in the same implications, is that the firm msgdte workers
as happy as possible consistent with allowing the firmetoain viable.
To a first approximation, both approaches yield the sanmpdications
although the distribution of profits and surplus may ifferént under the
two different assumptions. But again, no matter in whialy the struc-
ture is fundamentally set up, the analysis is about @cigidnigh levels of
worker productivity.

This paper will be divided into three parts. In thstfpart, the magni-
tudes of the effects of personnel practices on productwitydescribed.
In the second part, theoretical models of the impapegonnel practices
on productivity are examined. In the third part, the paérfor future
productivity growth for the macroeconomy is addressed, uki@gheo-
retical models and past evidence as a foundation for the dstussi

1. Assessing the impact on productivity

How much do innovations in personnel practices raise prody@tils
there room for future productivity gains due to theseagament prac-
tice innovations? These questions are addressed bygelgia variety of
empirical evidence, often going “inside” firms, working lwithanagers
and using the firm's data to produce evidence of prodtgtgains from
management practices.

1.1 Innovative people management practices cover all human resource
domains

The personnel practices that may have increased produfitiwitip a list
of broad categories: Incentive pay or rewards, teawaining, careful
hiring, flexible job assignment, information sharing and gedien of
authority. Detailed examples of these practices include ttenioldy:

* The use of incentive pay — in the form of piece rate pay, beriase
performance, stock options, promotion tournaments, or status and
recognition for performance
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» The use of teamwork — in the form of problem solving by teansn oft
composed of workers who have complementary skills

» The use of the careful screening of workers — through multiple
methods and group evaluations

Due to data availability, there is better empiricadevice on some of
these practices than others.

1.2 The “HR technology shocks” of the past have been sizable

Over the last twenty-five years, firms have adopted iatioe personnel
management or human resource (HR) management bestgsadthese
practices are “innovative” in that the techniques fanaging people
have changed over time: there are new “best practicepeople man-
agement. As shown in Figures 1 and 2, in the US there appédwave
been increases in the use of incentive pay and inwedafor Fortune
1000 firms. About 28 percent of Fortune 1000 firms used selftditec
work teams in 1987; by 1999, about 70 percent did. About 38 percent of
Fortune 1000 firms used individual incentive pay in 1987; by 1999t abou
68 percent did.

It is best to visualize a comparison between HR technosbggks
and computer technology shocks. There have been clear compuliter te
nology shocks, arising from the falling prices of computing pomigch
caused firms to invest heavily in new information technel®diT). The
use of new people management practices has occurradseethere have
been revolutions in personnel economics and HR practicesefhraisent
new management practices: managers have learned chale things
better? Incentive pay and teamwork have become new management tools.
In the past, engineers did the problem solving; today, grofipsrkers
from many skill sets do the problem solving. Therefore, lew best

! This survey measures whether any unit within #1ge firm uses these HR practices. The
survey also shows that the intensity of use ofahmactices has grown within these large firms.
However, the sample size for this survey has fadlegr time, so there is a potential bias in the
results — this is not a longitudinal survey of Haene firms.

2 See Shaw (2003a, 2003b, 2002) and Lazear and &08¥) for these data, and more
description and details on the trends in the “tebbgy shocks of HR practices”. For articles
emphasizing the productivity consequences of thesels across firms, see Bartel et al. (2007),
Bloom and van Reenen (2007) and Bloom et al. (2011)
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practices of people management are introduced into firowh ke the
“technology shocks” of IT.

When we delve more deeply into industries beyond the Foft06@
firms, we see that the HR innovations are everywhere andaarelated
with IT innovations. Figures 3 and 4 show the adoption of new HR- pr
tices and IT innovations in the valve manufacturing industnyttfe US
and the UK The trends are an increasing use of new HR technologies, as
well as new computer technologies. Moreover, the adoption of eidver
IT or new HR is correlated across firms.

These data largely pertain to the United States. Areélasi trends
found in Europe as well? The answer is largely yes. Thegean Work-
ing Conditions Survey (EWCS) was conducted in four waves (1990,
1995, 2000 and 2005) and is analyzed in the European Commission re-
port, “Employment in Europe, 2007”. The data show that the nhéffor
innovations were primarily adopted in the 1990’s, and perhaerein
the 1980'’s, as is true for the US. The specific innovations ther move
to the “learning organization” and the “lean organizatid®th empha-
size problem-solving, with the lean organization empagiteamwork
(often in manufacturing) and the learning organization esipimg
worker autonomy in decisions.

There are considerable differences across countriéiseifevel and
pace of the introduction of new management methods, witiNtndic
countries standing out. The Nordic countries and to a lessemteGer-
many were more likely to adopt the learning organizational.form

At the firm level, the major people management innovations may have
occurred in the 1980’s and 1990’s for large firms, but forllemérms
and within firms, innovations continue. Moreover, the easiasured
innovations, such as greater teamwork, may have platebuednore
subtle innovations may well be ongoing, as discussed below. akhe |
survey measuring major changes was conducted in 2000; noysurve
measuring subtle changes have been done since then.

Why has the use of these innovative HR practices gone up idnd w
this trend continue in the future? The greater usearermnovative HR
practices has arisen for four primary reasons: masageradopting new

% See Bartel et al. (2007, 2009).
“In addition to the European Commission report,adee Eriksson (2004) on Denmark and
Bauer and Bender (2002) on Germany.
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ways of managing people as managers learn innovative poastice”
methods; HR practices are complements to new informagmologies
that make process or product innovations; HR innovationsaneselves
computer-based (like hiring through monster.com or social networking
through LinkedIn); and firms adopt new methods as the mafidetkeir
products change. All these mechanisms are discussed aetbevidence

of the changes and the enabling mechanism is provided.

Table 1. Forms of performance pay

Incentive Pay

Individual Team
« Piece rate pay (pay tied by a formula to * Work Comp Incentives (80% of firms)
production or sales) (7% of firms) « Gainsharing (53% of firms)
« Skill based pay (72% of firms)

« Profit Sharing or Stock Plan (greater
« Individual incentives (bonuses or com- than 70% of firms)
pensation tied to short-term or long-term
performance) (93% of firms)

« Typical individual incentives (some
unmeasured)

« Merit based raises in base pay
« Special targeted bonuses
« Promotions (tournament)

Intangibles incentives
« Worker or team assigned to better job tasks
« Achieve higher status relative to peers
Noon monetary recognition (96% of firms)

Measurement of performance — examples
* Services
« Manufacturing

« Knowledge of workers' performance evaluations (tools such as Vi-
tality Curve, Balanced Scorecard, and Software of Success Fac-
tors)

Sources of the numbers: Barkume and Moehrle (2001) and Lawler, Mohrman and Bensen (2001).

® Productivity has risen over time in industriestiéi@ computer-using industries, and
computer use can be correlated with HR changes€©éind Sichel, 2002; Oliner et al., 2007;
Jorgenson et al., 2002; Breshnahan et al., 20@brBland van Reenen, 2007; Bartel et al.
2007).
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1.3 Performance pay is rising and problem-solving skills are in demand

The use of performance pay may seem easier to meisureéhe other
HR practices above, but it is not. Performance pay cafrogo very
explicit pay for sales or output, to implicit rewardse form of promo-
tions, or even status rewards. Table 1 shows the alterragiformance
payment survey measures. Performance pay is any systermduces
people to be more productive in return for increasedrésv It can even
include more careful hiring: if firms hire more carefuiind differentiate
pay up-front across people, that is performance basedSpap a broad
definition makes it very difficult to measure pasnids or forecast future
trends in the use of performance pay.

Figure 1. “HR technology shocks”: Increased team us e (USs)

Teams 20% or more  Self-managed 20% or more in More than 20%
employees in teams self-managed  given team-
teams teams building skills

W 1987 @ 1990 O 1993 0O 1996 O 1999

Source: Original data, see also Lawler et al. (2001), Shaw (2003a, 2003b) and Lazear and Shaw (2007).

Figure 2. “HR technology shocks”: Increased incenti ve pay (US)

Individual More than 20%  Gainsharing ~ More than 20% Skill-based pay More than 20%

incentives of employees of employees of employees
hawe individual hawe hawe skilled
incentives gainsharing based pay

W 1987 @ 1990 O 1993 O 1996 @ 1999

Source: See footnote to Figure 1.
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Figure 3. Proportion of plants with new HRM practic  es (UK v US) within the valve-
making industry
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Source: Bartel et al. (2007) and Bartel et al. (2008).

Figure 4. Proportion of plants with computer-aided production technologies (UK v
US) within the valve-making industry
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Source: Bartel et al. (2007) and Bartel et al. (2008).

If we concentrate on compensation, the data suggest théorppgr-
formance has risen over time, across a broad spectrjobfLemieux
et al. (2009) show that from 1976 to 1998 (when their data end)ethe
cent of workers who are classified as “working in perfance pay jobs”
grew from 33 percent to 40 percent. In Figure 2 and Figuadove,
there is evidence of the increase in performance payiges.
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These measures of an increased use of performance paydpnoe
the increases over time in careful hiring to matighperforming work-
ers to demanding jobs. Time series data on employment by dcrupa
show that firms have increased their demand for highliedkivorkers in
occupations that require problem-solving or decision-maskilts. Autor
et al. (2003) show that at all skill levels, from lesantthigh school edu
cated to college educated, the demand for non-routine cagskills has
risen. Moreover, the technology shocks of an increased usavoiihfor-
mation technologies have changed labor demand in the laoeprhere
has been an increased demand for workers who have tisaskiork in
computerized work places and the skills that are needecharadn-
routine cognitive problem solving skills. People now make raophisti-
cated decisions using computers and more data. Additiotiadlye has
been a growth in demand for workers who work with custsnin ways
that machines cannot substitute for labor.

Wage rates have also responded to this increased demaprdidam
solving or skilled customer interaction. Among the lovadr of the wage
distribution, wages have grown in jobs where personal cgemviatters,
such as childcare or specialty retail, e.g. Starbuckdoffet al. 2008;
Autor and Dorn, 2010). There is rising skill demand, and risikits
create greater value added per employee. Rising skilaaénmplies
more careful screening and thus greater performance pay.

1.4 Star workers are far more productive than low-performers in virtually
every industry. Star firms are far more productive than low-performing
firms

Data on pay and productivity from within companies show that ttenpo
tial gains from improving the productivity of workers are subsahnti
Assume, for the moment, that individuals’ wages are a gomd/ ffor
personal productivity. The following is true. The variant¢he distribu-
tion of wages across employeeihin the average firm is 60 to 70 per-
cent as broad as the variance of wages across all ereployéhe econ-
omy. This is true across nearly all developed countri¢e-US and Eu-
rope — as shown in Figure 5. This means that there i®a& deal of
heterogeneity in what people do within firms. The average % not
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composed of identical lawyers, but is instead composed of people who
work at all skill levels’

Figure 5. Compensation dispersion within firms
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Source: Lazear and Shaw (2009)

Note: This is the ratio of the average standard deviation of pay across workers within the firm to the standard devia-
tion of pay across all workers in the economy.

This fact has implications for human resource managepragtices.
If there is so much wage variance within firms, it eitheeans that the
types of jobs that people do are very different (lilerkcversus lawyer
within a law firm), or that even when workers arendpidentical jobs,
these jobs are done with very different levels of individaralductivity.
Although there is no doubt that the former is true, datasksw that the
latter is equally true.

Even when people are doing jobs that are virtually iddntica vari-
ance in compensation and productivity across workergge.l&igure 6
shows the distribution of salary and total compensatiomfechanical
engineers in the US, in 1995 and in 2006 (in 2003 dollars). Figure
shows the distribution of wages for contract IT workemsmnparing work
for administrative IT tasks versus software developmente€Tipoints
surface. There is a greater variance in productivitpss workers in high
skilled jobs than in lower-skilled jobs. As would be eotpd, skills and

® Shaw and Lazear (2008, Figure 1.4, p. 12).
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effort and talent matter more in high-skilled thardw skilled jobs. Se-
cond, for mechanical engineers, the variance of compensatbriha
variance of salary have both gone up over time. This sugidtdoth
the variance of personal productivity (skills and effodihd rewards for
productivity, in the form of variable compensation, have gon®ugy

time.

Figure 6. The distribution of salaries and total co mpensation for mechanical

engineers
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Source: Calculations by Chris Stanton (GSB, Stanford University) using confidential NSF SESTAT survey of scien-
tists and engineers.

A third point is striking. Productivity data are much hartte obtain
than compensation data, but the data show that even wéhimarrowly
defined jobs, productivity varies tremendously across ersriwithin
narrowly defined occupations. Productivity is measurecemifftly for
each occupation — for teachers, it is measured as sttedtrgcores, for
call center workers, it is seconds per call. Economists haled the
guestion, how much does individual talent/skill/effort detaemproduc-
tivity? Table 2 displays the answer in the last column. Jdreent of the
variance of productivity that is explained by persoddflerences goes
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from 71 percent for windshield installers, to 32 percentchdl center
workers, to 13 percent for fruit pickers, to 7 percent for teach

Figure 7. Hourly wage distributions for contract wo rkersin IT jobs
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Source: Calculations by Chris Stanton using confidential data from oDesk.com

Consider the teaching occupation. The evidence that enteof the
variance in student performance is due to teacher quisliybig impact
for teachers, given little evidence of other factowt tten improve stu-
dents’ performance. Thus, in the US and elsewhere, newgemeat
practices, like performance pay and training, are beingnpplace as a
means of increasing the skill and effort of teachers.

The data above look at the variance of productivity adrmbgiduals,
but more research explores patterns in the varianceoofugtivity (or
value added) across firms. Researchers have shownrthatthat are
categorized within very narrowly defined industrievénaery different
productivity levels and productivity growth ratéhus, some firms are
hugely productive, and some are not as productive. It mayabehibse

" The aim of measuring the variance of person fieelcts is that it takes out the effects of
learning and time series demand shocks that gifectuctivity. Because the measure of
productivity differs across all jobs, levels of drtivity cannot be compared in the same way as
levels of wages across jobs in Figures 6 and 7.

® These data refer to the average value added aalfogsrkers for manufacturing plants. In
Haltiwanger (2008), the interquartile range in lapmductivity across establishments within
narrowly defined industries averaged 66 log poiimtsiarrowly defined retail service industry
categories, it averaged 57 log points.
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firms are all making very different products. Or, it mag that some
firms are better managed: cross sectional surveysno$ fshow that even
firms within narrowly defined industries do choose veryedéht HR

practices (Bloom and van Reenen, 2007).

Table 2. The variance of productivity across indivi duals, by occupation

No Incentive
incentive pay or team pay
Percent
of
variance
Pay Output Pay Output explained
by
person
effects
a) Lazear (2000), Performance pay 2.7 3.24 0.710
Auto glass installation (-0.526) (-0.491)
b) Bandiera et al. (2005), Social 5.01 7.98 0.132
incentives Agricultural workers -0.049 -0.026
¢) Nagin et al. (2002), Monitoring call 0.021 0.019 0.320
center employees
d) Hamilton et al. (2003), Teams and
heterogeneity (USD%) 221.77 86.8 301.03 105.45
Garment Production [131.87] [36.95] [142.4] [32.8]
e) Rivkin et al. (2005). Teachers 0.070

Notes: Means are reported with the coefficient of variation reported in parentheses below unless otherwise noted.
The change in r-squared is (r-squared including fixed effects) - (r-squared with no heterogeneity). a)

Output is units-per-worker-per-day. b) Output is kilograms picked per hour. ¢) Output is
"suspicious or bad calls" / "good calls" per week. The incentive column is for sites after an audit experiment. The no
incentive column is for all sites. Change in r-squared comes from monthly income regressions. The equivalent
statistic for "bad call" regressions is .08. d) Reported statistics are the median. The 75 - 25 percent range is in
brackets below. Earnings are weekly. Output is garments per week. e) The reported r-squared difference is from
regressions of student math scores with teacher fixed effects versus school effects. The equivalent difference in r-
squared for reading is .04.

1.5 The potential upside gains from human resource management
practices are big

Given the large difference between star performersi@neperformers,
there is plenty of room for improvement in individual produtt within
firms. The use of more innovative HR practices can matle gap be-
tween stars and laggards within firms and acrosssfiMidhat are these
HR practices? Will firms have the incentive to invasthese new HR
practices in the future? Which firms will invest the most?

The high variance in personal productivity within firngdescribed in
the above section, implies that when a high quality woikemployed
by a firm that demands his skills, the productivity gainb ké large.
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Consider the gains and methods of hiring and sorting tohmeorkers to
firms.

» There are very high gains to sorting workers &etossfirms — either
by hiring carefully, or firing early. That is, there are gains from
matching the right workers to the right firms. Firms can accomplish
this sorting through better hiring practices, such as improved
screening, or by using the management and compensation practices
that attract the right workers to the firm.

» There are high gains from sorting workeiihin firms — sorting
workers to the right jobs or teams within the firm.

Two management practices that are used to accomplishgsacross
firms are:

* New hiring methods and IT that assists in hiring (like Monster.com)
There is a much greater use of testing and informed interviews in
hiring today.

» Personnel practices also induce people to self sort to firms. All
personnel practices send signals to potential employees that induce
them to choose the firm that best matches their skillspdpmands.
Consider forms of incentive pay. Piece rate pay is preferhesthe
production function is simple, output is observable, and the value of
teamwork is small. The firm that offers piece rate pay inducesansork
who will be productive to join the firm. Thus, as firms introduce a
range of new personnel practices, workers are matched tiontiseat
which the worker will be most productive. Stock options are anothe
example. They induce creative workers to join small firms. Priomot
tournaments induce good managers to join large firms.

There is a great deal of evidence that workers atedsavithin and
across firms. Figure 8 shows the dispersion of compensfatiall em-
ployees in the software industry, for employees when theyhmes
(starting compensation), and for the same employers when thvey ha
experience with the firm (about five years later). Notfet the variance
of pay rises with tenure. The rising variance is ationcof some sorting
(low performers leave the firm) and internal fortlest sort workers and
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train and reward. Once workers are hired, the numbeigbfgerformers
appears to grow and the number of low performers to fdilatVigerson-
nel practices within the firm can be used to raisedpctivity within

firms?

Figure 8. Compensation in the software industry inc ome dispersion for 51 000
software employees in 619 firms
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Source: Andersson et al. (2009).

1.6. Insider econometric evidence using data from within companies
shows that the productivity gains from innovative HR practices can be
very significant

Personnel economists have gone “inside” companies and obth@ed t
companies’ knowledge and datasets to estimate the effecredrmel
practices, like performance pay and teamwork, on prodyctivihe
gains can be large. Across a variety of industries, tieetedf personnel
practice innovations can be as high as 50 percent of ditfhe eco-

° See Shaw (2009) and Ichniowski and Shaw (2009jétailed descriptions of the studies,
with explanations for how much and why HR practicgse productivity.

% These papers estimate the productivity effecteeity narrowly defined firms or industries
—in firms that install auto glass, that pick fruit grocery stores, in steel mills. Why turn to
evidence from such narrow firms and industries@&lage two reasons. There are no data on
both management practices and productivity acrudisstries from which to estimate
productivity effects, and if such data existed, tihee lags between adoption and effect would be
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nomic value attached to these productivity gains variesendously
across firms: in capital intense steel mills, theugahdded from small
worker productivity gains is huge; in labor intense winelshinstalla-
tion, the productivity gains are bigger, but the value adsletinaller per
employee.

These insider econometric studies show that the firm’'scehaoi its
optimal personnel practices can raise productivity indepé¢naithe
firm's choice of its information technology. In addition, newestments
in IT often motivate the firm’'s choice of its optimal personmelctices.

Why do HR practices raise productivity? Section 2 belowramda-
tions on Personnel Economics, addresses this very questienefdie, a
few points are summarized here. Specific HR practigese®d in giving
workers the incentive, the opportunity, and the ability tsedheir
productivity. Incentive pay gives workers the incentivagm problem-
solving gives them the opportunity, and training gives warkiee ability
to raise performance. In addition, there are socialé@nites with non-
conventional tastes as their premise that try to explasopael behavior.
For example, for fruit pickers, when paid a fixed waganagers picked
as their team members the workers who were their friandsafter piece
rate pay, managers picked the best workers (Bandialg 2007). Social
comparisons matter, but so do incentives.

There is an overall conclusion. New personnel practices epenahe
intensive and the extensive margins of workers’ decisiGosisider pay
for performance as an example. When the firm moves to penficenzay
(from hourly pay), it operates on the worker’s intrinsiargin — perfor-
mance pay raises workers’ performance conditional on hottimgpb. It
also operates on the workers’ extrinsic margin of behavid causes
workers to sort across firms to form better matches.

Lastly, it is very important that HR management prasticave “in-
ternal fit” — that they complement each other — and “extditia- that
they match the external conditions of the firm. These areidedmext.

unknown. In addition, researchers seek estimateawdal relationships — rather than
correlations between management practices and gtigiiy. By going deep inside firms — and
obtaining their data on productivity and human vese practices — the causal impact of HR on
productivity can be identified.
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1.7 The value of adopting complementary human resource management
practices

Empirical studies show that the greatest gains from &ine personnel
practices are achieved when firms introduce a sebwiplementary hu-
man resource practices. For example, when steel mills drfoss hour-

ly pay to performance pay, the mills also began to train wenkere, use
more problem solving teams that tap into workers'nialand do more
information sharing (Ichniowski et al., 1997; Gant et al., 2002).tiBgis
theoretical and empirical studies emphasize the gremies that arise
when management practices are combined.

1.8 Which firms will adopt innovative HR practices?

If HR practices can significantly improve productivity kfrdugh greater
workers’ effort, sorting, or bundling complementary HR prcast — why
do some firms adopt incentive pay while others do not? pestices
may evolve over time — as all firms tend to use moreteark or incen-
tive pay — but within narrow industries there can be &ethdifference
across firms.

The firm’s choice of its optimal HR practices dependstie firm's
choice of its product market strategy. Therefore, optiktl practices
vary across firms due to differences in firms’ productkets, production
processes and labor markets. Consider the airline indu&tiythwest
Airlines offers a low-cost service on short flights, arsds team-based
HR practices with high levels of incentive pay. Unitgfters premium
services and uses HR practices to complement thoseédvghdervices.
There are trends in the ‘best practices’ in the industiyoth of these
airlines now pay for performance (like flight time). Bie set of HR
practices that support Southwest would be different flomse that sup-
port United, even if there were not any union influences.

Because HR practices follow individual firm's strategywithin in-
dustry analysis is required to understand the optimabfistR practices
and the productivity gains. This is done for the softviadeistry in An-
dersson et al. (2009). In most software companies, the employzks
on new product innovations. But software companies differkeaty
from each other. In firms that produce products like vigames, there
are huge potential upside gains to producing a new big-selimg.gThe
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potential gains to innovation are very skewed in thimdpet market —
there is a set of big winners. In firms that produce soévar big firms,
like mainframe software, the potential upside gains agdl sitheir goal
is to produce innovations that keep their current custohagpy. Ander-
son et al. (2009) show that the firms’ HR practices ceflbeir product
market strategy. The video game firms with the high mi@k upside
gains pay higher levels of pay and a higher incentivetpall employ-
ees, whether the firm actually succeeds or not.

Another example is provided by the valve-making industsy,de-
scribed in Figures 3 and 4 above (Bartel et al., 2007). Vakesnanu-
factured products that control the flow of water grthiough pipes. Us-
ing data on 212 firms within the industry, the finding ist theaw infor-
mation technologies have clearly raised productivity. Howenew IT is
most often adopted by the firms that produce customizedpts, rather
than commodities. Furthermore, when new IT is adopted, newpra®
tices are also more likely to be adopted (better training edlgkcia

In the steel minimill industry, the story is similar. Thells that gain
the most from problem solving by line employees are thasepttoduce
complex products.

In these examples, product market strategy drives the HiReshitnat
firms make. Within very narrowly defined industries, thésea wide
range of HR practices in use. Firms that have mdiffe product market
strategies, different production functions, or face dffit labor markets
choose different HR practices, even within very narrosdfined indus-
tries.

Finally, firms do not immediately reach the new ‘optinkéR practic-
es because there are adjustment costs that lowerdfitalpility of adopt-
ing new practices. Workers, and firms, are earning rieata their in-
vestments in old practices, and until those rents a@lglgone, it is
costly to invest in new practices. However, when competitiovers
prices (or raises product quality), firms innovate or exit froenntiarket.

2. Foundations of Personnel Economics

At this point, it is hoped that the reader has been convithegdsarious
personnel practices have substantial effects on produdind that per-
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sonnel economists have gained some understanding of the natitoseof
effects and the primarily causal factors. In this isactwe examine in
more depth the specific personnel practices that cansée 1o affect
productivity. Much of personnel economics was developed imessi
schools with the purpose of training future business Ieatteenhance
productivity and the welfare of their workforces. To keeful, it should

be possible to delineate those strategies that areafiestive in affect-

ing productivity and giving guidance as to when each ofvér®us tac-

tics is likely to be most effective.

This section has three parts: In the first part, corsgion practices
that affect productivity will be examined; second, skifucture and
productivity with an emphasis on entrepreneurship ardgelship will be
discussed briefly; and finally, specific managementtpmes that can be
used to enhance productivity will be analyzed in some depth.

2.1 Compensation

Compensation is important because it is the primary mdbyodhich

individuals’ productivity can be affected. Although workers stmmes

say that they care about other things than compensatiorgathist be
true on the margin. Almost no one would be willing to warkheir cur-

rent jobs if they did not receive positive compensation fangi@o.

Compensation is a necessity of life and it is essetiglindividuals are
compensated sufficiently to attract them to do the jothénfirst place.
But the structure of compensation also matters a gredtimléerms of
affecting worker productivity and one of the findings of #mapirical

personnel literature is that compensation can have signifieffects on
worker productivity both in terms of choice of method of conspéinn

and level.

Perhaps the most important point that comes from the caatien
literature is that pay compression is the enemy ofymtbdty. The moral
position on equality often becomes confused with thatayngmmpres-
sion. The strongest case in favor of equality can be dmdsquality of
opportunity, not for equality of outcome. It is relatively antroversial
that accidents of birth, upbringing, or random misfortune shootdle-
termine a person’s state in life. But pay compressionishpistified on
the grounds of fairness does not necessarily furthediggaopportuni-
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ty and may actually work in the opposite direction, disativging those
who offset misfortune by increased effort. Most of theotbtcal and

empirical literature argues that pay that is relategerformance, either
in an absolute or a relative sense, enhances productivity.

Another source of pay compression is a progressive tactigteu Alt-
hough the compression induced by the tax structure can bat bffs
compensation policies at the level of the firm, the oftkms not come
without the standard distortion and deadweight loss thatsseciated
with any tax system. There is now a significant liteiatihat documents
the adverse consequences of high taxes on growth at thegatgglev-
el The personnel economics literature provides a microeconmmic
tionale for the adverse effects of taxation and growth. Wfiay is com-
pressed through the tax structure, effort is reduced amkevs are less
well allocated to their most productive uses.

There are essentially three ways to structure compensahierfirst is
a direct payment on measured output sometimes referred toe® agie
or commission. Second is payment on a measure of input ahinesis
with a minimum requirement of effort that is ne@ysin order to retain
the job. Third is compensation based on relative perforenthat usually
takes the form of some kind of implicit contest or taument-like struc-
ture. Let us consider each of these in turn.

The most basic kind of incentive pay is a piece rate evimglividuals
are paid on basis of some measured level of output. Foptinpose, the
measurement must be relatively straightforward and ewsige. In some
jobs, it is simply impossible to do this in an effective way and cosgien
ing on the basis of output creates more problems thaivéss We return
to these in a moment but right now, consider a simglentdogical pro-
cess where individuals can be monitored and paid on the bfatheir
output. Such would be the case in agriculture and basicufa@oring
where individuals produce an entire good or separable pieteatafood
on their own. Historically, garments were fabricated eochpensated in

" For example, Barro (1991) finds that growth isérsely related to the share of
government consumption in GDP. Hansson and Henneld194) find that government total
outlays have negative effects on productivity. Wadimm (1999) finds that taxing personal income
is negatively related to growth and the more pregjre tax structures are associated with lower
economic growth. Prescott (2002) argues that tfierdnce in taxation between the US and
France explains much of the difference betweeroecountries’ growth rates. Bergh and
Karlsson (2010) find that government size robustrelates negatively with growth.
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this way where each individual would be paid for the nunabgockets
sewed onto a pair of pants or the number of sleevesdsemte a shirt.
Agricultural workers are often paid on basis of the amairproduce
that they pick or the number of seeds that they aretahant. Service
workers can also be paid on the basis of output when thieesés easily
observed, as is the case with sales people where es/anela good met-
ric for output. These are the production processes biéstl $a piece rate
pay, but even here, distortions can be created when godkenot take
all aspects of their behavior that are relevantitim forofitability into
account®?

When individuals are paid on basis of output, two things happen. First,
effort is directly affected by the compensation formukayrRent schemes
that place a higher weight on output relative to inputligety to induce
more output. As a result, a shift from a simple compensatibame that
pays on effort to one that pays on output can often wotke direction
of enhancing productivity?

Second, and sometimes equally important, is that different veoaker
attracted to piece rate environments. Consider a situati@me worker
productivity and ability are heterogeneous so that some waakensiore
able than others. If one firm pays a straight salaryltevalkers irrespec-
tive of output or ability and another firm pays on the dadiobserved
output, the latter is likely to attract higher ability indivads than the
former. Not only is this conceptually the case, but enédefrom the eco-
nomic literature documents this quite cledflyn this example, an auto
glass company that installs windshields into cars gbditheir method of
pay from straight hourly wages to a performance structurgtlzatinteed
a minimum amount, but also allowed workers to earn rbgr@aying
them piece rates if their output were above a ceréaiel | The theory, as

2 The theory of these distortions is outlined in ¢az(1986) and more carefully examined
in Baker (1992). See also Holmstrom and Milgrom9{p

13 Most of the literature that studies piece ratesises on the incentive effect. Lazear (2000)
notes a twenty percent increase in productivityrfitbe incentive effect of piece rates. Shearer
(2004) finds almost exactly the same magnitude dBaa et al. (2007) also find about a 20
percent increase in productivity. Some authorstpmih some of the adverse consequences of the
piece rate schemes, e.g., Freeman and Kleiner J2@@&find a decrease in profits and Asch
(1990) who shows that the timing of effort dependsthe compensation scheme. Oyer (1998)
examines the effects of quotas on distorting tménty of sales.

“perhaps the most obvious example of this is fonridazear (2000).
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illustrated by Figure 9, has two predictions. First, aweragtput will
increase. Second, the firm will tend to attract the ragstitious workers.
Before the switch to performance pay, individuals evpaid a straight
wage,w, for working at the firm. Their pay was independent opatias
long as their output exceeded some minimal level shoviheidiagram
ase. Taken literally, there was no incentive to put forthpat levels
higher thare, except to the extent that worker pride and other non mone-
tary factors were involved. Indeed, output before the switcperfor-
mance pay tended to be relatively low and concentratechdrlevels
nearey. After the switch to performance pay, workers werlid ffae max-
imum ofw and the amount that they would earn if pay were catxlan

a piece rate basis. In Figure 9, if their output werexteede, they
would reap the benefit of that by being paid on a perhasts. Given the
compensation scheme, the break even level implied an iedreasitput
from around 2.5 units per day to a level near 4 units perTdays, the
worker was faced with a choice. He could continue to medu levek,
and still receive compensation lewelor he could produce at some level
higher thane” and receive a compensation level commensurate with this
higher level of output. A point liké illustrates the choice made by a
worker who opts to put forth more effort, produce highetpoty and
receive a compensation that exceeds

Figure 9. Safelite: Before and after switch to perf ~ ormance pay

q
Qutput

Source: Based on Lazear (2000).

In addition to the effort effect that results because esevorkers
choose to move froma to b, there is also a selection effect. The workers
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who find the new compensation scheme most attractive are Wiase
will actually take advantage of the higher pay assediatith higher
levels of output. The workers most enamored of the scheme tendie be t
most ambitious ones. As a result, over time there should iner@ase in
productivity for the typical worker not only because ofeintives associ-
ated with the performance pay structure, but alsousecéhe nature of
the workforce changes. In fact, that is exactly what was seka ftrh.

Table 3 shows that in the movement from hourly wages to pitee
average output went up from 2.7 units per day to 3.24 units pesrdhy
the cost per unit went down from $44 per unit to $35 per unithé
same time, actual pay went up and the standard devidtjmayavent up
because some workers were able to take advantage oketheoutput
based program. What is not shown in Table 3, but comes fraigh#ys
more sophisticated analysis of the data, is that abotibh#ie increase
in productivity was a result of an increase in efforttlg existing work-
force. The other half resulted from a change in thekfgore from less
productive to more productive workers. Indeed, workers hafeet the
shift to piece rates were about 25 percent more productive theanwm
were at the firm before that period.

Table 3. Safelite output in two regimes

Hourly Wages Piece rates
Standard Standard
Mean deviation Mean deviation
Number of observations 13 106 15 246
Units-per-worker-per day 2,7 1,42 3,24 1,59
Actual Pay $2 228 $794 $2 283 $950
PPP pay $1 587 $823 $1 852 $997
Cost-per-unit $44.43 $75.55 $35.24 $49.00

The fact that sorting is such an important part ofdases in produc-
tivity is a key point not only in the context of the curretidy, but in
understanding how changes in an industry or, even more f§ignataa
country level can affect productivity. At least in the ghran, it is diffi-
cult for the workforce of an entire country to change in any kirglgnif-
icant way, which means that the sorting effects theg sees between
firms are not as likely to be as pronounced at the country. [Eeebe
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sure, in an open environment, say like that permittethénEU or be-
tween the states in the United States, individuals carempg will move
over time to those countries or states that have fimdsiredustries with
the kind of compensation that is most suitable for theunt.tiis is likely
to be a slow process and one cannot expect to see the kiddsnadtic
productivity effects from sorting that one sees between firms.

Another kind of sorting is relevant, even within country.aiVlpay is
compressed so that individuals do not directly experienceethards of
their output, there is less motivation to leave a jolwlth one is not
good to move to another. This is a major problem in teachimdj gar-
haps other state sponsored jobs), where workers’ sakam@job security
are not very closely tied to their productivity. Evemryweoor teachers
may have little incentive to seek other employmenhdytstill receive
relatively high wages and their teaching jobs are seddoving them
from teaching into something to which they are bettéedwvould raise
aggregate productivity. Were teachers paid on the badisenf output,
poor teachers would have more incentive to move into atheupa-
tions®

The incentive effects that are observed can be expeothdibthe in-
dividual and the country level as long as the compensatioctigteuis
appropriate for those levels of aggregation. Still, éffect on output of
switching from one scheme to another is pronounced. In thés tais
anywhere between 20 and 40 percent and these gains atxthedirm
within a six-month period. Additionally, because some of ithakase in
productivity was passed on to workers, the level of corsgion particu-
larly went up for those who were able to take advantagbeohew sys-
tem.

Although piece rates are effective at increasing prodtytivicertain
kinds of industries, they are not appropriate for all wakard all occu-
pations. In particular, some skills and aspects of outputddficult to
measure. For example, consider government workers at thistiyiiof
Finance. Although it might be possible to describe the tpicaker’s
duties and functions, it would be a difficult task to pdeviclear metrics
of output that would be reliable and that would induce finano@stry
employees to do exactly the right thing.

1> See Champion and Shaw (2011) for an analysisyEtpmpression and its effects on
teacher mobility.
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One of the major problems associated with compensatingeobasis
of output is that all attributes of output cannot necédgdae spelled out.
Under these circumstances, individuals may do exactly the whimg;
This is sometimes put in terms of a distortion betweelitguand quanti-
ty. We all know the apocryphal stories of Soviet workers whee paid
on the weight of nails that they produced and opted to makeimie f
hundred pound nail. While this is an extreme example of hapubgan
be distorted by a particular compensation method, #titites the point.
Some aspects of output are easier to measure thars ethetrthose are
most likely to be the ones that receive compensation angradeiced.
Under these circumstances, it is often better to move tiopan rather
than an output based system.

An input based system has two advantages. First, it dodeaust on
one aspect of output while ignoring another. Second, theeatglstto be
borne by the party best able to bear the risk, namelytime @ne disad-
vantage of compensating workers on the basis of theialagtiput is
that it forces workers to bear the risk. For examplegime a real estate
sales person who is paid on the basis of sales. Rea estabulky item
and there are some time periods when houses move gaictlyothers
during which house sales are sluggish. If a sales pergmidssolely on
the basis of his or her sale revenue, then the salesrmprincome is
highly volatile and the worker is in less of a positiorbear that risk than
is a firm which can diversify across workers, acrasgians, and over
time periods. Consequently, in a risky environment andgpdaitly one
in which measurement is difficult and complex, firms paythe basis of
input.

It might appear that payment on input does not provide maieati
incentives to workers. In some sense that is true, thig an over-
simplification because input-based pay is generally couplgda mini-
mum effort or output requirement. The incentives can kit agirong
especially if that minimum requirement is set sufficietilyh so that it is
a stretch for the typical worker. For example, a worker istaaid solely
on the basis of a time unit, like a month, (e.g. a morghlsry) could be
required to work 14 hours per day six days a week durirtgnibath. A
requirement of this sort would be onerous and would neéé twupled
with very high compensation in order to induce people lte the job.
But the job would certainly not suffer from lack of input.tivally, the
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guestion remains of how much is produced per hour on the jabf the
job were one where input was a good proxy for output, thentanaing
very high levels of input could provide the appropriate incestive

Another major problem with this person-invariant input-based
schemes is that a simple scheme with a minimum stdmitees not cater
well to unobserved worker heterogenéftyPiece rates have the ad-
vantage of being more flexible by allowing high productivitydorariety
of workers in the same scheme. Take, for example, the pieedis-
cussed above in the context of Safelite Autoglass. Tine dould ac-
commodate a large variety of types of worker ambition with the one piece
rate scheme. Those who want to work very hard findtHegt are permit-
ted to do so and are rewarded for having high levels of outputvirygha
take-home-pay that is significantly greater than thathfos¢ who work at
lower levels of effort. A salary structure with a minim windshield
installation requirement would be too blunt an instrument & dbintext,
causing productivity to suffer. For example, suppose thatatleeage
output requirement were three windshields per day. Someergowould
find that level of effort too high and would be likdly leave the firm.
Others would find that level of effort below that whitley would like to
offer if only they could receive higher compensation. The kybtheme
results in too much effort for some and too little fthess, whereas the
piece rate scheme, which is variable, caters to heteetdgen a much
more continuous fashion.

Firms are somewhat reluctant to adopt piece rate paubef the
inability to measure all aspects of output and compeitsate appropri-
ately. Even if it were possible to identify the variospects of output
that are important on the job, it is difficult to set fméces correctly so
that one factor is not over-weighted relative to another facteenGhese
constraints, it is important to think about other compémsaichemes
that motivate and enhance productivity, but that do not steekers in
the wrong direction. The real world has largely soltleid problem by
using relative comparisons. The primary model that economsssto
analyze this has come to be called “tournament theory”.

¥ When schemes are tailored to provide a menu opemsation and effort requirements
they become tantamount to a piece rate.
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2.2 Tournaments

Most comparisons in life are relative. It is very diffit to do anything in
the absolute without some basis for comparison and labor mageet
ticularly managerial ones, are no exception. Indeed, it iselative na-
ture of productivity that allows incentives to be crdad@d productivity
to be enhanced even when output is difficult to defind quantify. The
standard way that this is done in managerial settingsrasigh relative
comparisons; this is the primary way in which economisitsktabout
promotion and the hierarchical structure of the firm.

The analogy is that of a sports tournament where damtssare paid
on the basis of their relative performance. Specificalg winner re-
ceives one prize and the loser receives another, |lon&s. There are a
few points to be made in this context that have pdsaitethe business
environment.

First, in a tournament (like a tennis match), prizes are fixed iaregv
and depend on relative rather than absolute performaheecdntestant
who wins the championship at Wimbledon wins it not because he is good
but because he is the best player in the finals matlttcoAtestants at
Wimbledon are excellent, but what it means to win i$ &tdeast on that
particular day, the winner was better than his opponentila8iynin the
business world, the person who is promoted to CEO from the chsky
executive vice presidents is promoted not only because $ieeds able,
but because the individual is viewed to be better thanctimpetition.
The CEQ’s compensation, while not necessarily fixed iraace, is gen-
erally within a range that is known and that is sigaifity different than
that applicable to the executive vice presidents. Idtste that the com-
parison and selection of the winner in the business towmaoan be
made on the basis of subjective evaluation rather thpattove ones. It is
certainly possible that in determining the choice of CE®@ board may
use quantitative metrics, but they can also userigitdes” and any other
criteria that they deem reasonable to select the CEO.

Second, returning to the tennis match, the spread between th&'svinne
and loser’s prize affects motivation. Although contestardy mant to
win even if prizes equal one another (one enjoys winnirtgrais even
when one is playing merely for fun on a weekend outing), iddals
become much more focused when, say, a million pounds atakat s
Similarly, in the context of the business environment, tffferdince be-
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tween the compensation that goes to the CEO and that vehjmid to
the executive vice presidents affects the desire ofithails to become
CEO. Compensation need not be merely monetary. It can take the form of
increased power, flexibility, notoriety, or any other attribBeductivity
is affected by the spread between the winner’s and loser’s praeetary
or other spreads. Furthermore, the effort that is affectect ide effort of
the individual who has won the contest, but rather the individuabsane
competing for the prize. This is pervasive in all aspeti&conomic ac-
tivity. In business, associates in consulting, accounting landfirms
work long and hard, hoping to become partners in the firralse part-
ners are rewarded richly. In corporations, young managegslyastrive
to obtain results because they are cognizant of the positeerdemplica-
tions of achieving success for the business in whiely #re employed.
Assistant professors put in long hours hoping to receimar¢eat the
university because tenured positions carry with them hidgriss, job
security, and other benefits that are viewed as valuakiee young fac-
ulty members. In government, assistant and deputy level dhwdild put
forth a great deal of effort in part because they kiluat this will en-
hance their probability of getting higher positions later. éugolitics is
an explicit tournament and substantial effort goes witming elections
because of the power and other aspects of reward that go witlv$he jo
Third, there is such a thing as too much incentive. It &sipte even
in a tennis match to set the difference too high betwleenvinner's and
the loser’s prize. If that difference is too large, indixals will not want
to compete in the tournament because the amount of work rquilie
exceed the expected return of the activity. Similarlfhanbusiness envi-
ronment, while it might appear that productivity can alwagsnhanced
by increasing the difference between the wages of winnetslasers,
that is not necessarily the case in a competitive lalaokehwhere firms
must attract workers to come to the firm. For examplayiitoals who
go to consulting firms, accounting firms, law firms, orestfirms where
promotion to partnership is a goal, find that the expected nuafitveork
hours is extremely high. The upside may be very high, but if tHepile
ity of obtaining a partnership in the firm is sufficienttywl, firms will
find it difficult to attract individuals who are willingp put forth the addi-
tional amount of effort required for a low probabilityaf/ery high prize.



A personnel economics approach to productivity enhancemen237

Thus, productivity can be adversely affected by settingsfiread too
high.

There are other reasons why increasing the spread lidepratic.
They relate to collusion and competitibnFirms need to be aware of
these factors in determining the optimal wage strucititiein a firm so
that the compensation scheme enhances rather than dtracisoduc-
tivity.

Before elaborating on that, it is important to note that sometiinmes f
explicitly think about their tournament-like structurehile sometimes
the tournament is merely implicit. However, we would artheg tour-
naments are a feature of almost every industrial busingsditical envi-
ronment simply because it is impossible to avoid relatweparisons.
Once relative comparisons are being made, then a tourhisretrwork
and individuals will behave as if they are contestamtihat tournament.
Indeed, there is a great deal of academic evidencedtwtments the
importance of tournaments in a variety of different cont&xts

One problem that arises when rewards are basedsttitepart on rel-
ative performance is that individuals may attemptdbude to circum-
vent the system. For example, in sports tournaments, enocaasions
players bet against themselves and attempt to bias tineatoent by
reducing their effort and allowing their opponent to win.idigr thing
could happen in a business environment where, for exampleidnalis
decide to alternate who gets the bonus in any partigeiar by simply
taking it easy in one year and letting the other person while\Wossible,

" See Dye (1984) and Lazear (1989).

18 Eriksson (1999) tests the predictions of tournartiegory by examining wage structures
within Danish firms. Devaro (2006) uses a sampleeoént hires and their initial promotions to
fit a structural model of tournaments. He showsithggortance of relative, rather than absolute
performance in determining promotions. Knoeber&hdrman (1994) provide empirical
evidence consistent with several specific preditiof tournament theory in the context of
rewards for producers of broiler chickens. TheywsHor example, that spreads between prize
values affect output. Using a survey of Austrafiams, Drago and Garvey (1998) show that
individuals are less helpful and work harder whHengromotion incentives are strong.
Ehrenberg and Bognanno (1990) show that golferaffieeted by prize spreads in tournaments.
Finally, Bull et al. (1987) do laboratory experin®(so, “effort” is chosen and stated rather than
experienced) on how people respond to contestspigtte rates and tournaments. The results of
their experiments are generally supportive of tanment theory, though they find that less able
people expend more effort than what would be ptediby the theory. There are numerous
other papers that are authored by a large numtsehmflars, listed on a tournament website
http://tournamenttheory.org/. Finally, an annuaifeoence on tournaments and relative pay is
held in North Carolina.
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this kind of collusion is unlikely to be a major factoraffecting produc-

tivity. One way in which firms counteract this is bgeeving the right to

hire and promote from the outside when they believe intearaidates

not to be sufficiently good. The ability to bring in outsiders vahe not

part of the potentially collusive agreement is a fdlest tends to break
any kind of collusive arrangemetft.

An effect that goes in the opposite direction is more probtic. Rel-
ative comparisons reduce cooperation. When individuals aleopathe
basis of their relative performance, they do well not dmtymaking
themselves look good, but also by making their rivals look tdoich
may discourage them from acting cooperatively. There areuple of
methods that firms can use to mitigate this problem.

First, the firm can move away from relative compensation tand
wards absolute compensation. Workers on straight piece rates laveot
any incentives to act uncooperatively, but do not havehnmcentive to
act cooperatively either. Second, firms can reduce theadpbetween
wages in the firm's hierarchical structure. Thus, fihm reduces the in-
centive to engage in destructive or uncooperative behavigheAsame
time, a contraction in salary difference reduces theritices to put forth
effort so that there is a trade off and one that may beaitable. This is
particularly true when workers are especially aggvessiward one an-
other and also when cooperation between workers is particim-
portant.

This points to a third way of reducing the adverse consegaeofc
relative compensation on cooperation, which is to make thatethose
who should cooperate with one another are not competing faratne
job. For example, if cooperation between workers A and inortant
and cooperation between workers C and D is important, it isrbett
have A compete against C and B compete against D for gammsof his
can be done geographically or across different product lines.

A final method by which cooperation can be enhancedastéonpt to
change workers’ tastes so that they find cooperation @ [besitive as-
pect of the job rather than a negative one. The militaryexample, is
well known for its effective methods of creating comradenpiag sol-
diers who might otherwise want to compete with one anatheutshine
their peers on the battlefield and enhance their probabitif promotion.

% See Chan (1996).
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Instead, during training programs and other activities, military helps
create strong bonds between soldiers that make thémxteeme loyalty
towards one another, which offsets any competitive deairdsenhances
the cooperative ones. To the extent that individuals can e toafind
competition and anti-productive behavior odious, productivityeis
hanced.

2.3 Skill structure

Because this volume has other chapters that are directlyedeteohuman
capital, we do not spend much time on that here desmténtentives
being quite important in determining the skill structufean economy.
But it is worth noting that economies move forward bectemsders and
entrepreneurs have multiplicative rather than additiffects on their
firms and industries. A great breakthrough can be used nptbgnthe
individual who invents it, but by many others. Consequeitfiyeffect on
productivity is multiplied by the number of potential usefshe technol-
ogy. Creating an environment that fosters great leadershigigmificant
entrepreneurship is an important component of economic granth
enhances short-run productivity, but more importantly effesthnologi-
cal change over time. In a series of papers, it has lvgaadithat leader-
ship and entrepreneurship are enhanced by the existegeaaval rather
than specific skills (Lazear 2005, 2011). The basic ideansistent with
the “weakest link” concept, which states that a chaind stronger than
its weakest link. A leader or entrepreneur must havarigty of skills to
either perform the many tasks necessary to make adssssuccessful or
to choose others wisely who can act as team mateariging out that
effort.

Consider, for example, an individual who wants to start a restalfra
he is not a good chef, the restaurant will go nowhere bedth&sriisine
will be sub-par. But even the best chef cannot create @ssitl restau-
rant without business skills. He must be able to raipgataacquire sup-
plies, manage people, and do this all with a sufficienount of expertise
so that the business survives. It is certainly posdin the chef to dele-
gate this to others but in putting together the team, tm&t tmderstand
enough about the other required skills to be able to choesidgtit peo-

ple.
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Similarly, leaders encounter problems in a variety of differentexts
and in order to make good decisions, they must haveast Isome
knowledge in each of a large number of areas. True, leaaiedetegate
some of the information gathering and analysis to othersibdamental-
ly, the decision making comes down to the leaders arutithe ability
to evaluate the work produced by their team, they vatl make good
decisions. Because the problems are varied, it is negdssdeaders to
have sufficiently general skills.

The above mentioned papers test the theory by looking akitheet
of successful managers; those who are most likely toesacand rise to
leadership positions or to found their own businessethase who have
general skills either acquired in school or at the fitm.

The notion that general skills are necessary for tshge has im-
portant policy implications. Most important, the need fonegal skills
suggests that an educational system that tracks pexwplefecialties too
early in life may be detrimental to entrepreneurshifthdugh such a
system may be excellent for producing high quality, speeidlizdividu-
als who are good at doing what they are trained to do, thaders may
not have sufficiently general skills to allow them tacdme leaders or
entrepreneurs. If an economy is too specialized, it maydbesuited to
the present tasks, but less well-suited to the unceesiahd technologi-
cal changes that will confront the economy in the future.

3. The future

Will future innovations in personnel practices withimfg result in in-
creased productivity growth for the entire economy? Thereadata on
management innovations that can be used to predicefpraductivity
gains from these innovations. However, the above models, thelatas
and the future competitive pressures suggest that maragenmova-

20Wagner (2003) finds supporting evidence for thelelaising German data, as do Backes-
Gellner and Moog (2007) who examine the actualskied on the job among those who are
leaders and entrepreneurs. In Wagner (2006), usgignal stratification and rare events of
entrepreneurial events, it is found that the gdistraotion is supported. See also Backes-Gellner
et al. (2010) and Tuor and Backes-Gellner (2010).
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tions have significantly increased productivity in thestpand could also
do so in the future.

3.1 Human resource management practices could play a significant role
in future trend productivity improvements

The evidence presented above suggests that HR praaticgbuted to
trend productivity gains in the last fifteen years ia thS. The data on
time trends in the adoption of HR practices show thamsfihave in-
creased their use of innovative management practicég pdirformance
pay and teamwork — over time, especially in manufacturitgalso for
the entire economy. Empirical studies show that firms’ afsthese new
management practices can have large performance. gaimmbined,
there is a general belief that improved managementipea have raised
productivity. There is further empirical evidence that innaeakiR prac-
tices were especially important in making the informatiechnology
investments of the 1990’s more productive.

Will management practices raise the trend productfatydeveloped
economies in the future? Here, the evidence is mixed. Sgoregate
time trends suggest that performance gains have beereckalnd will
not be repeated. There are two reasons for this:

» Firms are currently investing less in information technologies and
software than in the 1990’s. If innovative HR practices are
complements to IT, then HR innovations will also decline (Gordon,
2008).

» The data suggest that firms’ investments in easily measuRed H
innovations have tapered: Firms have leveled the degree to \abich t
use performance pay and teams — it is not spreading moreigsees
1to 4 above).

However, case study evidence suggests that future gamsrinova-
tive personnel practices could be substantial, as described next.
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3.2 Case study examples strongly suggest that HR innovations are
ongoing and that software firms are producing important new IT-based
HR innovations

Productivity gains in the future may come from new HR tictas and,
often, from new HR practices that are built upon new méiion tech-
nologies. There are no databases measuring the currens frendR
adoption or IT-based HR investments by firms. Therefoase cstudy
evidence is required. In a series of quick examples, numerous HR4innova
tions — in hiring, job matching, training, teamwork, and pentonce
evaluation — are highlighted.

The recent innovations in hiring are clear: all firms asing some in-
ternet search to look for potential employees. And, firmd workers
continue to improve the use of powerful Internet seéwols. For exam-
ple, the online e-recruiting website of Monster.com doesusbtgost ads
and help people build their résumés, it also obtains a [zag of its rev-
enue from creating custom online application forms and psesefor
corporate websites. By 2003, Monster Global had built up a huge net-
work of interlocking sites with local content and language irtitNAmer-
ica, Europe and the Asia Pacific Region. US companiess@uecing
workers from around the world through Monster Global, foeairem-
ployment and for outsourcing.

By 2007, prior to the recession and the drop in hiring, compataés
ed that 44 percent of their new hires in the previous gaae through e-
recruiting on-line. The time trend is clear as well1998, 29 percent of
Global 500 companies had a corporate website and, by 2003, @&hiper
had one. North American companies were the early adoptersudrate
employment websites, but now all large companies around the wedd ha
these websites (usually run by US companies). Moreoven filtmas can
package jobs into tasks that can be outsourced, they dhy $iring
workers from around the world through many online search atching
websites that are experiencing a huge growth in usageeFigudisplays
the rapid growth, as represented by the contracting compagskoD

2 see Nakamura et al. (2009) for details.
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Figure 10. The growth of the oDesk market matching on the internet

Companies Contracted, by Quarter
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Source: Calculations by Chris Stanton using confidential data from oDesk.com.

Note: "Companies contracted” are the number of companies that use oDesk matching software to hire IT employees.
"Professionals contracted” are the number of workers hired for a contract IT job through the oDesk software.

These online job search tools are improving the qualifglofnatches
between employer and employee, by enabling currently empl@®aulep
to hunt for alternative jobs. In the past, job hunting in @ei® through
friends was time consuming and awkward. Firms that hine the pool
of currently employed people reduce the “lemons” probiewf hiring
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from the pool of people who other employers did not \fait. 2007,
Nakamura and Freeman ran an international survey ofl@edmp were
using on-line employment websites. The vast majority efré@spondents
to the survey reported that they were employed at the liaighey were
logging on to the e-recruiting job sites, and a third of all respondengs wer
uploading their résumés to the jobsites (Nakamura et al., 2009).

Many firms are increasing their investments in workéraining, as
firms aim to reach broader world-wide markets and haweerdata on
workers’ performance following training. Some big new itnents are
in service industries. Workers are being trained to follbes tules of
standard operating procedures and to make better deomh@mssolving
problems. These training expenditures are not well medsureeported,
but are well known. Many have heard of “corporate univessjtsarting
with Hamburger University of McDonald’s, and General Elecand
Microsoft and Cisco Systems have all built “universitiecExamples of
other universities are Starbuck’s University, Men's Wease (men’s
clothing), and Cheesecake Factory (restaurants). ClaesEactory, a
restaurant chain, estimates that they spend $2,000 a y&airong each
individual server (http://www.workforce.com/section/11ttea/24/35/
18/). Investments are also growing for high-skilled iseryobs. Tata
Consulting Services (TCS) is a well-known example. Tageonts that it
spends six percent of its operating revenue on trainirgpilit its most
massive training center in 1997, which trains 3,500 employeegepe.
Most major Tata locations have training centers ardtedworld® A
consulting firm, the Corporate University Xchange, prosidstimates of
what it thinks is the number of these “universities”, risfrmm 400 in
1993 to 2,000 in 2001 and to perhaps as much as 3,700 b§*2010.

There are expansions in the IT-based HR innovations aimed at-manag
ing team performance within sites and across intemnmatsites. Consider
the software innovations. Teamwork software focuses dabmhtion
between people. There are hundreds of web-based shared aearksp
applications availabl&. These are created both within companies and by

22 However, it increases the ‘winner's curse’ — ofipa too much for the person in an
active market.

Z williams (2009).

% See Hearn (2002).

% Consider Microsoft's Groove, a web-based commorksmace, and many other products,
such as BaseCamp, intranets.com and drupal.


http://www.workforce.com/section/11/feature/24/35/18/
http://www.workforce.com/section/11/feature/24/35/18/
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external vendors. Social network software also focusesnaking the
links between people that are useful for hiring and for thershafiintel-
lectual capital. Social networking tools, like Facebook, iacesasingly
aimed at building networks for work across firms atab avithin firms.
These social networking sites will change the hiring emteknal man-
agement of workers in the future.

Figure 11. Operating revenues for two firms that of ~ fer web-based HR management
tools

Salesforce.com and Successfactors

201 2002 2003 04 2005 200 2007 2008 2008

Source: Calculations by Nick Obradovich from annual reports for operating revenue.

The quality of performance evaluation of employees eatly en-
hanced with the use of internet-based tools for postinghang evalu-
ations. Two well-known firms are highlighted. The firm Swssfeactors
creates software for online performance evaluation oflpespo do all
kinds of jobs, and for real-time analysis of the perforoeadata. Most
US Fortune 500 firms, and many firms around the world, have begun
purchase SuccessFactors software and the company’s groedlerated
dramatically since it went public in 2001: SuccessFactmtess that its
services are translated into 32 languages and with thare3 000 firms
purchasing their software for use by 6 million employeediindustries.
Similarly, salesforce.com has seen a massive grovghrd-11 displays
the rapid growth that now occurs.

All these IT-based HR innovations are very recent. THasibn and
optimal use of them is certainly in their infancy. When we lablechno-
logical innovations — going as far back as the introductiomybfid corn
into agriculture in the 1940’s — we see that the diffusio a@pplication
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of the innovations takes many years. Thus, the potential pratiuct
gains from the IT-based managerial innovations are asnj&town, and
could be rising, in developed countries and developing countries.

3.3 What next? The future is data and HR innovations that use data

All firms have more data. For example, in the servicekistries, like
retail trade, firms gather data on customer satisfaetimhon the produc-
tivity of every worker who sells a product at a checkaand. In
knowledge-driven businesses, firms have data residimqydject man-
agement tools and in new performance evaluation dasa Ak large
firms invested in Enterprise Resource Planning softimrthe last 20
years, linking different types of data within the firms.e$é data will
prompt a greater HR optimization. Firms have focused rodyzt and
process innovations in the past, but not on optimizing theagement of
employees. That has yet to come.

The new datasets within firms may also improve producthytysing
“rules” based management. The “rules versus discretiebate that is
prominent in macroeconomics also applies to personnel economics. When
a patient with chest pain enters an emergency room, stimiligtam of
nurses and doctors have rules to follow to treat themator should the
lead doctor make decisions that are specific to the afthat individual?
Data on the distribution of productivity across individaaiployees sug-
gest that there could be a huge variance in doctors’ gtigidy. Thus,
leaving decisions up to the lead doctor could invite aetoguality of
care, if that doctor is not highly skilled, or a higheabity of care, if that
doctor is highly skilled. Firms are aware of the tradeoff betwrules and
discretion; you need rules for basic performance but disoréor ab-
normal performance issues. Fast food chain stores traikevs in the
exact rules to follow to make the perfect cup of coffetbere is no dis-
cretion— employees follow standard operating procedéft@hese same
employees, who are trained to follow rules, are alsodthto use discre-
tion when warranted. When unusual problems arise, discristidesira-
ble. Such discretion could push decisions to lower legkltbe firm, to
increase the speed of operations (Wulf, 2007), or could pestiettision

% These rules have benefits for time consistencyleyees know how their behavior will
now affect future rules and outcomes.
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up the hierarchy, so that each tier evaluates thetgudlthe decisiorf!
In all cases, new data are resulting in firms rethighkireir use of rules
versus discretion.

Are there market pressures that are likely to irsgddR innovation?
For firms producing goods in tradable sectors, trade ymesacreases
innovation. Evidence from microeconomic papers shows that fivitis
more exports are more productfieFor workers in tradable goods sec-
tors, productivity in the US should rise to offset the bigbosts of US
labor. This has been the case in manufacturing in the pasprices
abroad fall, or wages abroad fall, new investments iagmmel practices
become profitable. However, increased trade protection &nged that
could lower productivity.

Domestic market pressure may also increase competioracasts of
higher savings rates, or reduced consumption rates, caibatetio that
pressure.

Note, finally, that this past recession is likely toraesing productivi-
ty by introducing structural changes that favor firms theate the most
innovative HR practices, just as past recessions favbeethost produc-
tive manufacturing firms. When manufacturing output recalafeer the
recessions of 1982 and 2001, manufacturing employment was permanent
ly down. Firms also used the 1982 recession as an opporturitgse
plants and lay off workers who had become redundant asik oé tech-
nical change in production methods. The same thing is happienssy-
vice sector jobs. Firms that are less productive, and bfiga poorer HR
practices, are permanently closing.

In sum, HR innovations and IT innovations that support HR are-ong
ing. There remains a marked difference in the prodigtidd workers
doing similar jobs within firms, and firms are seekingysvaf lowering
this variance and increasing the mean levels of wsrkaoductivity.
Firms are also seeking ways of producing higher value apidwmtiicts.
These influences combine to lead to greater HR innovations.

2" pushing decisions down in the hierarchy will iree the number of false positive errors,
where employees begin a project believing it isi@ale when it really is not, and pushing
decisions up the hierarchy will increase the nundfdalse negative errors, or rejecting projects
even when they would have been good.

% See Bloom et al. (2009) and Guadalupe and Wult@2@nd references therein.
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Comment on Lazear and Shaw: A
personnel economics approach to
productivity enhancement

Tuomas Pekkarinen

In their article, Edward P. Lazear and Kathryn Shawh leétwhom have
been at the forefront in creating the field of personnel econoodosgen-
trate on the normative aspects of this line of reseathereas much of
the personnel economics literature concentrates on desgcrildiy the
internal labor markets of firms are structured the Wy are, the litera-
ture also provides important results on the optimal wdydesigning
payment schemes, how to assign workers to tasks, how lt@atvavork-
ers’ performance etc. These normative results imply fihas can en-
hance their productivity by adopting improved human resoueage-
ment (HRM) practices.

Lazear and Shaw outline these normative results in #réale and
show that they correspond to several large trends ibethavior of firms.
Indeed, it is true that firms in the US and also irepttountries seem to
be adopting more and more of the kind of HRM practices tleabat-
lined in the personnel economics literature. It alsanseebvious that
these HRM practices have had an impact on aggregatiugtivity
growth although quantifying this effect is probably difficult.

An interesting question for the readersN&PRis obviously whether
HRM practices prescribed by the personnel economics literatre a
“policy” that can be used to enhance productivity infitere. Here the
answer is uncertain. We simply do not know whether the fite ref
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HRM innovations have already been reaped. However, itllisrag that
we observe a great deal of heterogeneity in the useRd idractices
across firms. That is, even within narrowly definedtsrs, firms apply
different sets of HRM practices. My main comment on dhicle by
Lazear and Shaw is that the interpretation of thisrbgeneity is key for
assessing the future scope of productivity enhancement of piaiic-
es. Indeed, if HRM practices are so effective in enhanginguctivity,
they should be a relatively “cheap” form of production tedboy that
should rapidly spread from one firm to another and we shaafdeally
observe that much heterogeneity in the data.

There are, broadly speaking, two ways of interpretingzéimtion in
the use of HRM practices across firms and these Hmeen elegantly
outlined by Bloom and van Reenen (2011). The first view erhdtero-
geneity of HRM practices is an equilibrium approach. Adtay to the
first view, firms choose optimal policies but face diffietr circumstances.
If this is the reason for the observed heterogeneitthénuse of HRM
practices, there may be little scope for directly usifM practices as a
productivity enhancement policy.

However, it may also be the case that the observed varaitidRM
practices across firms partly reflects differenfuatinent costs. Accord-
ing to this view, firms are trying to choose the optingtl& HRM prac-
tices but are hindered by some adjustment costs. vigwg provides a
more optimistic perspective on the role of HRM praetias a productivi-
ty enhancement policy.

So clearly the scope of HRM practices to enhance prodyagrowth
in the future crucially depends on the interpretatiothefobserved HRM
practice variation. Which view is then the correct omé@ truth is that
we still know quite little about the reasons for theiatgon in HRM prac-
tices. Most of the empirical work in personnel economicsbieesn done
with data from individual firms, partly due to the natuedson that theo-
ries describe the internal organization of firms and paliby to data limi-
tations. My view is that future research in personnehemics should
devote more effort to explaining the trends and crossosattvariation
in the choice of HRM practices across firms and, whenewssible,
exploit data over multiple firms in doing this.

An example from the Finnish technology industrthe largest manu-
facturing industry in the country employing over 60 000 individaads
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nually — highlights the importance of understanding the heterogeimeity
the choice of HRM practices, in this case the choicenoéntive pay.
Finnish wage register data provide detailed informationthenuse of
different payment schemes on individual level. The collectigreement
of the industry allows firms to choose between fixed timae wages,
piece rate wages solely determined by workers’ individudput, and
reward rate wages that are a more flexible form afopmance pay
where workers may be paid bonuses based on the output of ngoee ag
gate units.

Figure 1. The use of different forms of performance pay in the Finnish technology
industry 1990-2002
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ers.

Note: Hours worked under piece rates and reward rates as a share of total hours worked.

As shown by Figure 1, the use of performance-pthat is the sum of
the share of total hours worked under both piece androevates- is
pretty stable over the period 1990-2002. However, the compositior of th
performance pay changes dramatically. The use of pages declines
throughout the period whereas the use of reward rates increpisibg &
is precisely these kinds of changes we should understanel viamt to
assess the productivity enhancement scope of HRM practiezslyCthe
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use of more flexible payment schemes is the trend initkigstry but
still, not all firms are adopting these payment schemes.

This is, of course, not the place for a detailed armlgbthe reasons
behind these changes, but simply looking at the role of firnamhacs
may at least hint at a partial answer. Looking at fithat exit and enter
the industry during the observation period reveals anestieg pattern.
The firms that exit from the industry are using piece ratgracts more
heavily than remaining firms. Also the new entrantghi industry are
using reward rate contracts more heavily than the incunifioerd in the
industry. These patterns may reflect some adjustment eagid by older
firms in the industry. If costly adjustment is realhe reason behind the
observed heterogeneity in the use of HRM practices adnoas, then
there may still be some scope for the spread of HRMipeacto enhance
productivity growth also in the future.
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Productivity and education:
Benchmarking of elementary and
lower secondary schools in Denmark
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Summary

The performance of educational institutions has lorenba& interest to
economists and politicians. This is not surprising becawseasing aca-
demic skills may significantly boost economic developmertoSicper-
formance studies often focus on international comparissi) the pop-
ular PISA studies. However, we argue that national comparisemaae
instrumental. Even in homogenous countries like Denmark, thigy aifi
schools to create value for money varies considerably. dere the
comparability of schools and the ability to imitate peeesraore appar-
ent at a national scale. We use Data Envelopment Andp&s\) to
evaluate schools and identify best practices. We showetlrert with
additional restrictions on the comparisons, the potentiahiprovement

is considerable. We also show how decompositions may suppary poli
decisions on resource allocation and structure, and haograbtive
Benchmarking IB may directly support learning and stratpfinning at
individual schools.

Keywords:Schools, performance, data envelopment analysis, multilevel
models, interactive benchmarking.
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A great number of studies address school effectivenesstrend
benchmarking of school performance. Commonly known as “school ef-
fectiveness research”, these studies generally empldtjlavel analysis
(Goldstein, 1997). Multilevel modeling is well suited to adgrie prob-
lem of distinguishing the individual effects of differettidents (given
their different abilities) from school effects and takihg impact of so-
cial variables into account.

Another important challenge to this line of researchoisdnnect
school services with the resources they employ and deslieeant policy
conclusions from such connections. To this end, numerous readigsst
have employed advanced benchmarking techniques, such as Data Enve
opment Analysis (DEA) and Stochastic Frontier AnalysisA)SF

Studies on school effectiveness within these two tawit{multilevel
and DEA/SFA based modeling) tend to be carried out withdd or no
cross-referencing to the other tradition. For examplepme DEA stud-
ies, researchers have adjusted school outputs using sEugledgression
(Waldo, 2007a, 2007b; Borge and Naper, 2006). In cases when both ap-
proaches are addressed, they tend to be portrayed as compettagnar al
tive analytical techniques.

Our approach differs from earlier studies in thatutibze both mod-
els as complements to each other. Multilevel modeling is gbedtimat-
ing school effects and the relevant confidence intervals of dstiseates.
DEA is good at relating performance outcomes, such as seffecls, to
resource use. Thus, we combine the best features of each of the.model

The potential applications of our analysis — as with rbesichmark-
ing studies — are threefold. First, the analysis can geoai general in-
sight into the performance of an important sector of édbenomy and
support the identification of model schools. Second, it cansied to
support the allocation of resources and tasks withindbeational sector
and thus the structural development of that sector, ghqol closings
and school mergers. Finally, it can be used to motivatke ragulate
schooals, either implicitly, through the publication of leagablds, or
explicitly, by linking budgets to performance measures. &Vhile
acknowledge all these potential applications of our reBeave here
focus on providing general insights and identifying model schawls
what we call a “learning perspective”.

! See, e.g., Johnes (2006).
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To examine the major issues related to schooling andidfiglsome
important approaches to educational benchmarking, we conduct a detailed
benchmarking of approximately 1 400 Danish elementary and lseger
ondary public schools, which are managed by 98 municipalities.

As inputs, we use time spent by teachers on teaching, 4pent by
teachers on other tasks (e.g., preparation for teachimgjtha number of
non-teaching staff. Outputs are “value added” by the schodlse sci-
ences (Mathematics and Physics) and the humanities (DamisiEng-
lish). The calculation of value added draws upon detailea fdatindi-
vidual students. For each student, we link achievemergtaimdardized
final examinations in ninth grade with informationoab the student’s
parents, including parents’ income and their educationaétmdc back-
ground. We use a multilevel model to identify the impactath school
on academic achievement.

We compare an input-oriented model, where we estimateotieatial
for reducing inputs without reducing educational quality, \&ithoutput-
oriented model, where we estimate the potential for &sing output
(improving educational quality) without increasing inputs. @éeount
for uncertainty in the estimation of educational quabiyonly allowing
the comparison of resource use with another school wkearavable to
say that that other school has a better school efféhtatileast 95 per-
cent certainty. By decomposing the estimated inefficiencie are able
to identify some overall strategies for reducing iréfncy. We find that
increasing average school size and changing the mix of ihpuwacour-
aging teachers to spend more time on teaching may isagttify contrib-
ute to reduce school inefficiency. The relative potentidhese strategies
differs between municipalities.

A large part of the estimated school inefficiency mayclassified as
"pure technical inefficiency”, however, in the sense thaahnot be ex-
plained by either suboptimal school size or a suboptafiatation of
inputs. To cope with technical inefficiency, one possiblaetsyyy appears
to be the adoption of a "learning perspective”. That idfigient schools
should learn from the practices of their efficient peers.

We have adapted our model to support a learning perspeetist.
assuming that schools generally prefer to learn from otisamilar’
schools, we have applied a number of restrictions on school deopa
Thus, schools are only compared with other schools thascanewhat
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similar regarding the socioeconomic and ethnic background dérstis
and the number of students with special needs.

Second, assuming that schools have different preferemgestegard-
ing the importance of different subjects or the relevancéhefabove
mentioned restrictions, schools may perform their owrerautive
benchmarking, which allows them to vary relevant varialiesheir
search for relevant peers.

We argue that the learning perspective, which is mgsfiom most
benchmarking efforts, may be a key approach in future attetmphove
from theory to practice in the realm of educational benchmarking.

The outline of the paper is as follows. In the next sactive provide
an introduction to the literature and we highlight our contimnaof two
approaches, multilevel methods and DEA. In Section 2, seuss the
data used in the analysis. In Section 3, we provide the resuts ofitlti-
level analyses that are used to isolate the effectbeoindividual stu-
dents. In Section 4, we discuss the two DEA models anddtgional
restrictions on relevant peers that may be introducectid®h 5 decom-
poses the efficiencies and discusses the strategicopmmsees of these
decompositions. The learning perspective is furthertithtisd in Section
6 and Section 7 concludes the paper.

1. Literature

Some of the early attempts to assess the relativerpenfice of schools
in the United Kingdom used a “residual deviation sctr@Sed on regres-
sion analyses of aggregate data. Aggregate performatadfdr exam-
ple, average test scores for each school) were usthe asitcome varia-
ble, while the independent variables included a measuneeddge social
status. The difference between actual and “expectedbrp@nce was
then interpreted as a measure of school efficiency. Awiitant accom-
plishment of school effectiveness research has beenwotbht this use
of aggregate data may provide unstable or misleading se€Sutiodhouse
and Goldstein, 1988).

Furthermore, using a similar residual deviation sabrategy on stu-
dent-level data alone, and thus ignoring intra-school ctigetaor “clus-
tering”, may provide reasonable estimates if each scheah t@erge num-
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ber of students, but the effects of schools with only $avdents will be
poorly estimated (Goldstein, 1997). Another consequence of ignoring
clustering is the underestimation of standard errorgXptanatory varia-
bles defined at the school level (e.g., school resources).

For these reasons, multilevel analytical techniques emsidered as
the only satisfactory approach to the assessmenthafok effectiveness
by many people. One common result of multilevel analyseshdols is
that the estimates of school effects have rather kogédence intervals,
which brings into question the value of ranking schools in leaguestable

Although the multilevel modeling of school effectiveness hanbe
broadly applied, especially in the United Kingdom, and evenenfiad
thinking within the British Department for EducatiordaBmployment at
one time (Goldstein and Woodhouse, 2000), the use of this approac
Denmark has been somewhat limited. Furthermore, the Weswn
league table of school performance in Demark, which iggannually
by the liberal think tank CEPOS, uses residuals from a singgression
on student-level data to derive its results.

Turning to the other major approach, during the last 30 yearser-
ous studies have taken a production economics approach adi ali
state-of-the art frontier methods, most notably the nonapetrec Data
Envelopment Analysis (DEA) approach and the parametach@stic
Frontier Analysis (SFA) approach. Several contributiomssairveyed in
Worthington (2001), Ruggiero (2004) and Johnes (2004). Here, we will
focus on the DEA approach, which is applied in this study.

The pros of cons of DEA and SFA have been discussed imaseve
textbooks, including Bogetoft and Otto (2011). The advantage of using
these methods relative to key performance indicaterthat they can
include a description of the substitution between differesburces used
and the services produced. Further, they can accommoiffeterd re-
turn-to-scale properties instead of imposing an implicit @ntseturn-to-
scale assumption, like the usual key performance indicalbis is ac-
complished with a multiple-input, multiple-output descriptairthe edu-
cational entities.

Modern frontier models have typically used schools or sattigtricts
as the analytical units (DMUSs), but there are also elesrpf the use of
educational data at the individual level and on the benchmarking ohnati
states.
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There is a wide variation in the choices of model inputd outputs,
not least because of differences in the types of dataatbaavailable to
the analysts.

In terms of inputs, the data typically include the number otscafs
teachers. Additionally, inputs may include indicators of iotraployees,
the number of computers, building costs, teachers’ experienteduca-
tion, etc. Finally, many studies include data on studentsbecanomic
background as an input, as will be further discussed below.

In terms of outputs, the existing analyses can be roughly divide
two groups. A small number of studies, including Banker et al. (2004)
simply count the number of students and use measuresasubk num-
ber of students at different grade levels as the outpost Btudies, how-
ever, use test scores or examination results as outputs, and tlceseesut
are often disaggregated by subject. Finally, a smallbennof studies
examine longer-term outcomes, such as students’ later emtucatinte-
gration into the labor market.

There are several Nordic applications of DEA in the area of schooling
for example, articles describing DEA investigations of Namian
(Bonesrgnning and Rattsg, 1994), Swedish (Waldo, 2007b) and Finnish
upper secondary schools (Kirjavainen and Loikkanen, 1998).

Several recent studies address Norwegian and Swedishrp and
lower secondary schools (Borge and Naper, 2006; Naper, 2010; Waldo,
2006a, 2006b, 2007a). Because the databases available on Norwegian and
Swedish schools are comparable with those available in &é&nthese
studies serve as a natural source of inspiration arash DEA study of
public schools. Like we do in this study, they use gradatare pre-
adjusted for differences in student composition (i.e., sooiz@mic fac-
tors, see below) as outputs. They do not, however, use eveltinodel-
ing to accomplish this.

The Swedish and Norwegian studies have focused onfidegtvari-
ous causes of differences in school efficiency at the npahievel, e.g.
the political orientation of local governments. In contrast, we haralyn
constructed our models with the purpose of facilitatingniegr at the
school level.

In addition to the analysis of elementary and secondzgad, a se-
ries of studies have also examined efficiency in offaets of the educa-
tional sector. For example, Daraio (2011) conducted a sufvtéhe Eu-
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ropean university landscape based on a recent EU prédjqagmeth.
Additionally, as part of the Aquameth project, one of ththers of the
present study examined the potential use of interabévehmarking in
an educational context (see Bogetoft, 1997).

2. Data

We analyze the efficiency of approximately 1 400 Danish pudahools,
excluding boarding schools, schools with only"igrade students, and
schools only dedicated to teaching students with spesils As a rule,
private schools are not part of the benchmarking exeMigedo, howev-
er, have data for approximately 330 private schools andnie snstanc-
es, we include these data in the analysis to determine thesit. eff

The analysis is based on detailed data at the indivistudent level
acquired from Statistics Denmark. The data include inédion about the
marks attained on thé"@rade exit examinations. We restrict the analysis
to grades from state-controlled examinations that empt®rmal exam-
iners because these grades are expected to be morarabtap The fol-
lowing grades are included:

» Danish reading

» Danish oral proficiency

» Danish penmanship

» Danish spelling

» Danish writing

» English oral proficiency

» Science oral proficiency

» Mathematical literacy

* Mathematical problem solving

Whenever grade point averages are used, the differbjgcts are
weighted according to the hours provided to each subjetttebilinistry
of Education. The marking scale is a 7-point scale comgigif five
marks designating a passing level (12, 10, 7, 4 and 02) and &ans m
designating a non-passing level (00 and -3).
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In addition to information about the students’ grade, hage been
granted access to detailed information about eachrdtadmcioeconom-
ic background by Statistics Denmark. This includes informaéibaut
parental income, education and employment, student ethnicity,aa
series of other variables.

In the benchmarking models, where we link resource usage with
school outcomes, we have access to information about resosage.
These data are provided by The Danish IT Centre foc&ithn and Re-
search, UNI-C.

In general, we use data from 2007-2009, and we examine average re
source usage and other results across these years. Tgiminate
some effects of random variations in resources and students oer tim

3. Student background and multilevel analysis

It is generally acknowledged that socioeconomic factors, hwihihe
schools cannot control, have a considerable impact on sobtommmes.
Students’ grades do not only depend on their school bubalsfor ex-
ample, the educational, ethnic and economic characteridtid®e qar-
ents. An important discussion in any efficiency analysis toexeertains
to how to account for such differences.

This issue is not unique to school models. For examplepatient
mix is an important determinant of the resource needs haispital and
the climate and topology of an electricity network anpartant determi-
nants of the cost of providing distribution servicesve®al methods can
be used to account for such non-controllable, non-discreyidaators,
and these are discussed in general benchmarking textbkeldgetoft
and Otto (2011). Here, we will specifically focus on adfetpproaches
that have been suggested in relation to school models.

There are at least three general approaches tactingdor socioeco-
nomic conditions. One can make adjustments before, duringeorthé
benchmarking. In the first case, the focus is on construatipgts and
outputs for benchmarking that are adjusted for indivicdoaioeconomic
conditions. That is, instead of using actual grades astsutpa can use
the difference between actual and expected grades giveimdadtiual’s
socioeconomic condition. Another approach is to include contrai
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the benchmarking analysis such that a given school isammhpared to
schools with similar or more difficult socioeconomic coiudis. The
final approach is to benchmark across socioeconomic conslithnd
construct adjusted efficiency measures after the besdding by investi-
gating how much of the inefficiency that can be explainedifierences
in socioeconomic conditions.

In this paper, we use a combination of all three appreaditee main
adjustments are performed ex ante, but we include adalittamstraints
in the search for relevant peers during the benchmarkidditionally,
we conduct an ex post investigation of the results in temat to derive
insights that are relevant to policy.

Figure 1. Examination score as a function of mother ~ ’'s income
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We will now explain the ex ante adjustment of gradeadcount for
socioeconomic conditions.

Numerous studies have shown that students’ social chasticte
have a strong explanatory power with regard to student test schees- T
fore, if a school has high average test scores, this doenecessarily
imply that it delivers exceptionally high-quality teachigit may simply
reflect that its students have parents with good incomes andeligh of
education. Thus, to benchmark school performance, we must &aljus
the students’ social characteristics.

Figure 1 shows the final student examination scores for dygirls
in Math (problem solving) and in Danish spelling th @ade as a func-
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tion of an indicator for their socio-economic background (digidnto
guantiles). We have constructed the socio-economic indexd hgsmn
detailed information about parents’ income, educationadl |dlie pres-
tige score (ISEl score) associated with parents’ fibbst as well as a
number of other relevant variabfesVe find that a student with a strong
socio-economic background, on average, achieves a subs$tdnitigler
examination score than a student with a weak socio-edonbatk-
ground. There is also a gender effect, with girls outpeifagrboys in
Danish spelling.

In our analysis, we also included a number of other variablesatat h
a significant impact on student test scores. This insludérmation
about ethnic origin, parents’ marital status, age otmarand student
age.

We use a multilevel model to estimate school effects. mbdel as-
sumes that student examination scores can be explasnedireear func-
tion of the socioeconomic variables (parent income, educagtot), a
student effect (depending upon individual abilities) and adchffect.
Residuals at both levels are assumed to follow normaikdisons with
zero means. In mathematical terms, we may use thenioly model to
explain the examination scorng,, for student at schooj:

Yy =a+pB% ty+e.

The model’s first (“fixed”) part(a+ ,B>qj) describes the examination
score as a linear function of the student’s socialarr.‘rlelristics,)gj . The

model’s other (“random”) par(uj + eﬂ) divides the additional variance

into two parts: Between-school variancej,, based on deviations of

school means from the overall mean, and within-school betatelent
variance,(qj , based on individual deviations from school means.

2 A detailed list of the variables is available froine authors upon request. They are also de-
scribed (in Danish) in KREVI (2011).
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Figure 2. Multilevel modeling

+ students from school 1
© students from school 2

Examination Score

Socio-economic index

Figure 2 presents a simplified illustration of a schof@af For sim-
plicity, this example only includes one socioeconomic variabl&,he
bold line represents the examination score estimate derwaxtifie fixed
part of the model. For school 1, examination scores are distributed around
the upper line such that the school can be said to haesitive school
effect on scores of siag. In contrast, examination scores at school 2 are
distributed around the lower line such that the schoshid to have a
negative effect of size,.

In addition to taking into account all individual socioeconomic charac-
teristics mentioned in the appendix, our model also sepgasat®ol ef-
fects from peer group effects. A number of studies have dodacthéme
existence of peer group effects in Danish schools (AndensérnThom-
sen, 2011). The peer group effect implies that students’ extonina
scores also depend upon the characteristics of the studastsmates.
Students with a weak socioeconomic background tend to farmr lifett
they are in a school with many students from a higher scci@mmic
background. Thus, it should be assumed that the high exaonirsaires
that are found in schools with many students with a higlosochomic
status are partially caused by peers rather than by the school alone.
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Our model estimates that approximately 28 percent of dniance in
examination scores can be attributed to socioeconomic tiasécs. Of
the remaining variance, 93 percent are caused by variatiolividual
student characteristics (e.g., differences in abilities)l 7 percent of the
variance are related to school effects. Overall, thEaohof the school is
significant®

A major advantage of multilevel modeling is, as mentionedezarli
that it provides a more accurate assessment of the unteié school
effect estimates. Figure 3 shows the confidence intefealthe school
effect estimates for a number of public schools in oofi¢he effect esti-
mate. For illustrative purposes, only the confidence iateraf one-tenth
of the schools are included in the figure.

Figure 3. School effects with confidence intervals
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Source: Own calculations.

The confidence intervals are constructed such that ifrtegvals of
two schools do not overlap with at least 95 percent céytaie will be
able to conclude that their school effects are diffetditus, we cannot
be absolutely sure that the school with the higheghattid school effect
indeed has a better school effect than the school rarkddraexample,
number 40. This demonstrates that league tables are not emtiveff

% See KREVI (2011) for more details.
“ See Schenker and Gentleman (2001) or Payton @0413).
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method of ranking schools. However, we are also able to conglitide
great certainty that many schools have different school effect

4. Resource usage and DEA models

In the previous section, we analyzed how students’ perfosatepend
on socioeconomic characteristics, and how to isolate tpadhor value
added of different schools. We will now link the school iotpaith the
resource usage to evaluate the efficiency of diftesehools. A school is
efficient if one cannot reduce the usage of one input withmueasing
the usage of some other input or reducing one or more outputs.

There are many ways of setting-up multiple inputs-multgligput
benchmarking models. First of all, there are many ways offgjmecthe
multiple inputs and outputs, and second there are many wagioit-
ing the empirical relationship between inputs and outputs. sifgest
two model specifications that we consider to be ofiqaler relevance in
applications. Moreover, we suggest using Data Envelopmenlydsa
(DEA) to estimate the relationship between inputs and outputs.

DEA estimates a best practice technology from the actualvattigers
of the inputs used and outputs produced in a group of schoolg asi
minimal extrapolation principle. It finds the smallest s&input-output
combinations that 1) contains the actual observations,2arghtisfies
some general properties of possible production sets. The rbadel,
often referred to as the VRS (variable returns &deaor BCC (Banker et
al., 1984) assumes free disposability of inputs and outputscemve>dty
of the set of feasible input-output combinations. The XA model
proposed, the CRS (constant returns to scale) or CCRrri&hat al.,
1978, 1979) model, in addition presumes constant returns l@ Jde
models used in this study are variants of these classicalriglels.

Technically, the estimation is done using mathematicalraroming.
If we consider an analysis of schools transformingM inputs
X=X, %, ), intoSoutputs,y =(y,,..., ys) , then according to the VRS
model the input-based Farrell efficien&y, for schooli can be calculated
as a solution to the following linear programming problem:

min E
Ei,/ll,.../lnE|
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Subject to:

DAY, s=1,...,s

i1

DA%, <Ex, m=1,..,M
i1

S -1
j=1

/1j20 ji=1..n

It calculates the largest contraction of all inputs sheth tve can still
find a convex combination of schools that produce at leasaimne out-
puts with at most the contracted inputs.

In the CRS model, the convexity constramt-Ax+...+A=1 is re-
moved since any convex combination can be scaled up and down.

In an output oriented model, we remdwend instead multiplf on
the output vectory; and maximize this. The interpretationfofs then as

the largest proportional increase in all outputs that isbasiith at most
the given inputs.

Our first model addresses the question: How much vgiizan school
be able to reduce its resource use without having a negaipact on
student achievement? To answer this question, we figépéers” of the
school that are characterized by delivering better ofvalgnt results
while spending fewer resources. Furthermore, we mighireethat peer
schools do not differ too much from the given school witlarédo im-
portant variables, e.g., students’ socioeconomic status.

With this purpose in mind, we apply the model (model 1)alediin
Table 1. The model uses a number of inputs: time spent byetsach
teaching; time spent by teachers on other tasks (egpamtion and
meetings), and time spent by non-teaching staff. All inpugsmeasured
in terms of full-time equivalenisand, for each school, the number is
calculated as an average over a three-year period (2007-2009).

As outputs, in this model we use the number of studentscim ea
three age groups: 0 t&’'3rade; 4 to 6" grade; and*?to 10" grade. The

® 1 924 working hours equals 1 full-time equivalent.
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model then identifies efficient schools or peers thatable to optimize
the use of inputs in relation to the production of outputs.

Table 1. Model 1 — focus on savings

Inputs Number of teacher hours spent on teaching
Number of teacher hours spent on non-teaching activities
Number of working hours by other staff

Outputs Number of students in 0-3™ grade

N

Number of students in 4™-6" grade
3. Number of students in 7"-10" grade
Period of time All inputs and outputs are taken as an average over the period from
2007 to 2009

Restrictions A school may only be compared to another schools if:

1. If this other school with at least 95 percent certainty
has the same or a higher (more positive) general
school effect

2. The difference between the average scores on the
standardized socio-economic index for the two
schools is less than one standard deviation

3. The difference between the scores on a standardized
index for the share of students with a non-Danish
origin for the two schools is less than one standard
deviation

4. The difference between the scores on a standardized
index for the share of students with special needs is
less than one standard deviation

Other The model is input-based and the base model presumes CRS

To take quality into account, we apply some additionstrictions on
the DEA comparisons. To be considered as a peer foreargithool, we
require that the peer school’'s general (average over lgcts) school
effect is better with at least 95 percent certainty. Thues use the esti-
mates and the confidence intervals provided by the nmudtilmodel. In
this manner, we ensure that apparent peer school afficie resource
use is not the result of lower educational quality.

Furthermore, we require that the peer schools of a gicbool should
not differ too much from that school with regard to the social csitipn
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of its students. Therefore, we establish standardizedésder students’
socioeconomic status; the share of students with a norsiDdoaick-
ground; and the share of students that receive extra dakpedt teach-
ing because they are considered to have special needsadfoof these
indexes, we require that peer schools do not deviate by timaneone
standard deviation.

Figure 4. School saving potential (1-E) in model 1

80
I

60
I
®o o

Savings potential (%)
40
|

20
I

T T T T T T T T
0 200 400 600 800 1000 1200 1400

Public Schools (ranked)

Source: Own calculations.

It could be argued that the restrictions with regard éositcial com-
position of the students are not necessary because welneady taken
these differences into account in estimating the soéfbetts. It may be
the case, however, that the optimal technology of educatmaugtion
varies across types of students. For instance, Lazear (R@8l1argued
that optimal class sizes are much larger for better-behaved stu@ibus,
since we here wish to promote learning, we use the adalitiestrictions
based on the assumption that it will be easier for a $¢bhdearn from
another school if the characteristics of their student ptipotaare simi-
lar.

With our model, we are able to calculate the Farréttiehcy of each
school. An efficiency of, e.g., 0.9 indicates that by learning from #ésspe
the school should be able to maintain its present schaaitefile re-
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ducing its resource use by 10 percent. The distributicsaeing poten-
tials (1- E ) for the public schools is shown in Figure 4.

Approximately one-third of the schools appear to be fulficieht
(input efficiency = 1). This means that it is not possitd identify any
peers for these schools. A school can appear as fullsiesffiwhen it
delivers a high level of teaching quality with few resestcbut it can
also appear as fully efficient when it has an unusual social caposi
students such that there are only a few potential pédravhich to com-
pare it®

At the aggregate level, our model indicates a potertiaincreasing
overall efficiency in the public school sector by 13 perc&hat is, by
learning from relevant peers, inefficient schools shouldibe t@ reduce
their use of inputs by 13 percent while maintaining tpeégsent educa-
tional quality.

This estimate is based on the assumption that we cannpao®ipub-
lic schools with private schools and that we have consetotns to
scale; that is, we can compare schools of different .si&ks can vary
these assumptions to obtain different overall resultshaan in Table 2.
If we believe that private schools may serve as pewtpeovide inspira-
tion to public schools, the total efficiency potential inse=ato 20 per-
cent while it is reduced to 9 percent if we assumé sbhools cannot
learn from other schools of a different size.

Table 2. Saving potentials in different model varia  nts

Returns to scale
Overall savings potential with

. . Constant % Variable %
different assumptions
Private schools part of the Yes 20.0 13.4
reference technology No 13.1 9.4

Finally, we estimate the overall improvement potentigbiparisons
are restricted to schools within the same municipalityis may be a
relevant restriction to consider because some local governmantiave
gualms about admitting that other municipalities havéebgterforming

® Since the estimated technology is increasingémtimber of observations, the smaller the
groups, the larger the bias, i.e. the more we westienate the improvement potential. In theory,
we could correct for this by boot-strapping, e.ggBtoft and Otto (2011), but the results would
then not have any simple interpretations as wedcnat point to any specific schools behind the
benchmarks. From a learning perspective, we contli@ebias problem to be a minor issue.
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schools. This restriction on the model would reduce the ovenpiove-
ment potential to less than 1 percent, however. Therefaiecrucially
important that local governments are willing to look owsilleir own
municipality to identify peers as sources of inspiration.

To supplement model 1, which examines potential savings, ab-est
lish an alternative model 2, which estimates the polewtianprove edu-
cational quality. The question addressed by this model isviid extent
can successful benchmarking improve school effects if weireeghat
school resources remain constant?

Table 3. Model 3 — focus on quality improvement

Inputs 1.  Number of teacher hours spent on teaching per student

2. Number of teacher hours spent on non-teaching activities
per student

3. Number of working hours by other staff per student

Outputs 1.  School effect in humanities (Danish and English)

2. School effect in sciences (Math and Science)

Period of time All inputs and outputs are taken as an average over the period from
2007 to 2009
Restrictions A school may only be compared to another schools if:

1. this other school with at least 95 percent certainty has
the same or a higher (more positive) general school ef-
fect

2. the difference between the average scores on the stand-
ardized socio-economic index for the two schools is less
than one standard deviation

3. the difference between the scores on a standardized in-
dex for the share of students with a non-Danish origin for
the two schools is less than one standard deviation

4. the difference between the scores on a standardized in-
dex for the share of students with special needs is less
than one standard deviation

Other The model is output-based and presumes VRS

It makes economic sense to improve student skills. Accortdiran
OECD estimate, an improvement of the PISA score of Danish students by
one quarter of a standard deviation would result intecdil economic
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growth valued at 586 billion USD over the next 80 years (OEZDR).
If we make a parallel to average examination scoréisei® grade, rais-
ing these scores by a quarter of a standard deviatiafdvaonount to an
increase in examination scores (for the subjects indlidéhis analysis)
of approximately 10 percent.

The specifications for model 2 are provided in Table 3. mpats are
the same as in model 1 but are now in a ratio form. As outputs, weeuse th
school effects estimated separately for science (Math Science) and
the humanities (Danish and English). We use the sanctiess that
were applied in model 1.

According to this model, approximately one out of five schofsil-
ly efficient. The majority of schools, however, have an immpment
potential of between 5 percent and 20 percent, as showrgimeFb.
Therefore, less efficient schools should learn from theirs to obtain
greater benefits from existing school resources.

Figure 5. School improvement potential (F-1) accord  ing to model 2
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At the national level, model 2 indicates that benchmarkiag in-
crease student skills by 10.7 percent without increasingewirce use.
This increase would enable the Danish school system &b time mile-
stone set by the OECD. Just as with model 1, private schagigoten-
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tially also be included as peers. In this case, the oviengliovement
potential would increase to 14 percent.

It should be noted here that our approach to accoufdimgpcioeco-
nomic variables as part of the benchmarking deviates frorapghmach-
es in previous DEA studies. Indeed, the appropriate apprmacion-
discretionary or environmental variables is a majargéssithin the DEA
literature in general (Bogetoft and Otto, 2011) and in relation to the appl
cation of DEA to modeling educational production in particRugger-
io, 2004).

Consider the DEA model formulated as a linear progrargnpirob-
lem above. That is, we consider schools transformingvl inputs,
X(X,- % ) » INto S outputs, y( Yi,-.., ¥s) , and presumes variable returns
to scale, VRS.

Now, let us assume that we also ha¥esnvironmental variables
x(zl,..., ;Q), which are non-discretionary in the sense that the school i
not able to influence them (such as with the socioecondatigssof stu-
dents). We assume here that a higher value of these sumettinary
variables represents more favorable conditions (e.g., arhégiségoeco-
nomic status). It is evident that we cannot add thedablas to the mod-
el as ordinary inputs because the basic model assumekelsthool can
proportionally reduce all inputs.

The most common solution to this problem is probably thetisalu
that was first suggested by Banker and Morey (1986), which atided
following condition to the basic model:

DAz <3 r=1..R
=1

The intuitive appeal of this solution is that it reggi school to have
the same or a higher value (i.e., it is in a similar dtebeenvironmental
position) as compared to its (potentially fictive) petbiet define the pro-
duction possibility.

As illustrated by Olesen and Petersen (2009), the above mmadel
suffer from not taking into account differences in the sizthe schools
that are being benchmarked. For example, we can imaggitiation
with a very large school, operating in a very favorable environment
(ZA) , and a very small schodl,, operating under very unfavorable con-
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ditions (Zc). If a third school,B, operates in an average environment
Z, =%(Z,+ Z.), then Banker and Morey’s model will allow the virtual
combination YA+%2C to dominateB because this virtual combination per
definition operates in a similar environment to schBolThe problem
with this is that when schodl is much larger than scho@l the virtual
combination ofA andC is almost identical té&. However, because school
A operates in a very favorable environment, it might not Ipeogpiate to
compareB with A.

Dissatisfaction with the Banker and Morey model led Ruggiero (1996)
to suggest that their additional condition should be replagethe fol-
lowing:

/1j =0 if z,>7 r=1,..R

This solution avoids the problem that was just mentidnechuse it
excludes any school with relatively more favorable conditesmdbeing
part of a virtual peer school. However, one problem wlfb thodel,
which has been analyzed in numerous simulations (Ruggerio, WVR88;
niz et al., 2006; Waldo, 2006a; Olesen and Petersen, 2009), isgbat es
cially when more than one non-discretionary variablenislived, the
model is extremely conservative. Many schools will appear to be efficient
because they have a low score on one of the environmental vafiables

A third alternative is the two-stage model that wagieally proposed
by Ray (1991). The first stage of this model is to run thé PEgram
without environmental variables (e.g., not taking into accountreifices
in students’ socioeconomic status). The second stage igro @# a
Tobit regressiohof the environmental variables upon the calculated effi-
ciency:

Eraw=a+ﬂlz_L+|:m]}ﬂRzR+£

" Olesen and Petersen (2009) have suggested amedilterthat involves weighting the non-
discretionary variables according to the size efgbhools.

8 Ray (1991) used OLS, but later applications otaisic approach more appropriately re-
lied on a Tobit regression.
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The beta values then represent an estimate of thet eff the envi-
ronment and based upon this estimate, we can calculatjumted effi-
ciency score from the residuals:

Eraw= Eraw_a+ﬂ121_|jm}ﬂRzR

Although this approach is frequently applied, Barnum anch<ale
(2008) empirically demonstrated that the method exhibitstaunties bias
and low precision and that the degree of bias and predssaffected by
input variance and correlation. Furthermore, as note@drgero-Ferrera
et al. (2008), the conventional two-stage model, and the nadwaneed
three-stage model proposed by Ruggiero (1998), rely upon an ill-fdunde
assumption, namely, that if output depends on non-discrétiopats,
then a significant correlation will exist between théaetors and effi-
ciency. This does not have to be the case, however, becanseother
factors typically influence efficiency.

A simple solution to avoid this kind of bias is, as suggesyeBdr-
num and Gleason (2008), to reverse the conventional two-stage model
such that the regression of environmental variables on oigtparried
out before the DEA program is run with the adjusted outputs.

This final solution represents the approach we use tchbear& Dan-
ish schools, though our approach includes a few additionafioaiitins.
First, for the case provided above, we believe that thexremajor ad-
vantages to applying a multilevel model instead of a silgylel regres-
sion when adjusting outputs. Second, as noted by, e.g., Grostkalf
(2009), adjusting outputs for differences in the social musition of
students may not allow us to ignore environmental variables isettend
stage DEA because environmental variables may have apeimdient
impact on production possibilities. Therefore, we retaiditanhal envi-
ronmental restrictions when performing the DEA.

5. Decompositions and strategies

DEA does not only provide an assessment of the overalowament
potential within the school sector but may also be dseddentifying
potential improvement strategies. In the public debate on s;hesles
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related to school size and time spent teaching have éelapuominently,
so therefore we briefly focus on these topics.

As mentioned during the discussion of model 1 above, with regard
this model, we have the option to choose between an assuraptian-
able returns to scale (VRS) or of constant returns to scale) (@RSmay
interpret the difference in results between thesermwedels as represent-
ing a certain “scale inefficiency.” If a school is efint when we assume
variable returns to scale but inefficient when weuase constant returns
to scale, the current size of the school may be an dbstaenaximum
improvement.

Overall scale inefficiency is 3.7 percent in model 1. Tlag-third of
the total savings potential in the CRS model (13 percentklated to
changes in school size. Furthermore, we can concludéhthaiajority of
scale inefficient schools are too sniall.

Figure 6. Scale inefficiencies
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There is no simple method for characterizing optimalessile, how-
ever. For two schools of similar size in terms of numbetwdents, one

° We apply the method proposed by Fare and Grosgt8p#) to determine whether a giv-
en scale inefficient school is either too smaltaw large.
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may be too small while the other may be too largeinigtscale appears
to be conditional on the composition of resources, outcomes andtstuden
socioeconomic characteristics. Figure 6 shows the distributicttoo
small” and “too big” schools according to school size.

We find that schools with between 500 and 600 students striagp-an
proximate balance between those that are deemed tob@ntab large.
A cautious rule of thumb could therefore be that a reddgrefficient
school size lies in that range. Because there are sraall schools and
few large schools in the analysis, however, we cannot raléheypossi-
bility that the model underestimates production possibilitaslarge
schools. The rule of thumb may then be that the efficidmdcsize is
above 500 students.

Another important debate involves the amount of time teacipensd
on teaching as compared to time spent on other actj\itieh as prepa-
ration and meetings. Based on model 2, we calculate theatlle ineffi-
ciency as greater than 2 percent. Thus, schools might beéoaibiprove
student examination scores by 2 percent (a fifth of tted fmtential) if
they optimize the allocation of input.

Figure 7. Allocative inefficiencies
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10 Allocative efficiency is here calculated as thpunefficiency in a model with aggregated
hours compared to the efficiency in the model degtishing between the three types of hours.
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Source: Own calculations.

As might be expected, the model indicates that the vagtrity of al-
locatively inefficient schools may improve their effincy by increasing
teacher time spent on teaching. More teaching and lasleietime spent
on other tasks will generally increase school efficiency.

Just as with the discussion of scale, this finding doeslimt# us to
determine a fixed optimal mix of teaching and non-teachimg.tiThe
above figure shows the distribution of schools that would ltefiefn
increasing and decreasing teaching time according to tlendaa of
teaching and non-teaching. We find no real support for the fidat a
teaching rate below 36 percent is conducive to educational efficiency

Besides casting some light upon the issues of scale sizeate of
teaching, decomposition of inefficiency may serve to poitittbe most
attractive policies for efficiency gains for each mipadity. Figure 8
shows aggregated scale inefficiency, allocative inefficy and technical
inefficiency, calculated on the basis of our model 1, faeseDanish
municipalities.

Figure 8. Decomposition of school inefficiency for seven Danish municipalities
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The differences indicate that these municipalities shadtgpt differ-
ent strategies in order to improve school efficiencye Municipalities of
Odder and Herning might appropriately choose to focus on ksl
Both these municipalities on average have schools wittively few
students. On the other hand, in particular allocatifieieficy ought to be
put on the agenda in the municipalities of Gribskov and Tainbyese
two municipalities, teachers appear to spend less tia@hitey than in
most other municipalities.

In many municipalities, however, a large part of the esdtih school
inefficiency may be classified as "pure technical ficefncy”, in the
sense that it cannot be explained by either suboptiatedo$ size or a
suboptimal allocation of inputs. To cope with technicalfigigincy, an
obvious strategy is for the schools to try to learn frima practices of
their efficient peers. Facilitating such a learningspective, as well as
more school-specific analyses of scales and scope, isutiject of our
next section.

6. Interactive benchmarking

The DEA analyses indicate potential gains from schoplsadents in
terms of best practices, scale and the mix of resourcks&ivities. To
guide decision-making at individual schools, however, we nequtdo
vide more specific insights, and different methods exiséxtract such
information from a benchmarking model.

To eliminate technical inefficiency, schools must |elbest practices.

In the DEA approach, this is supported by the identificabf a small
number of peers from which a school can learn. The pearbecaalcu-
lated using various standard software packages. Fonme&aall DEA
calculations in this report are performed using the, fpen source R-
framework found at www.r-cran.org and the “Benchmarkingtkage
developed by Bogetoft and Otto (2010) to support a large number of
benchmarking tasks, including the identification of peers.

The benchmarking model, however, allows schools to learn much
more than potential improvements and their best practieetdpeers.
Interactive benchmarking supports individual learning baseal loench-
marking model. This type of benchmarking was first proposed in Bo-
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getoft and Nielsen (2005) and Bogetoft et al. (2006). An apjditdb
university benchmarking is described in Bogetoft et al. (208&yeral
other applications are described at www.ibensoft.com. Qiffievare
package that is based on this approach is Interactimehgarking IB®.
We will illustrate some of the useful information thegn be extracted
from a benchmarking model using this software. This is péatiguin-
teresting because the Danish Evaluation Institute for LGoafernment
(KREVI) plans to make the analyses in this paperlabks to individual
users in this manner.

The idea of interactive benchmarking is to use a bendtingamodel
as alearning lab Modern benchmarking estimates comprehensive multi-
ple-input, multiple-output relationships derived from actuatfites. The
complexity that can be captured by such multiple-inputtipheroutput
benchmarking models vastly exceeds the complexity capturecehiaim
models and textbook examples. To make these possibilitickalaeaio
users, interactive benchmarking combines benchmarking tecknigtie
multi-criteria decision theory, specifically with the Hiwriteria ap-
proach that is generally known as the iterative detmn of preferences
and possibilities, cf. Bogetot and Pruzan (1991). This is rifitestl in
Figure 9 below.

Figure 9. Interactive Benchmarking IB

User
Focus Benchmarks
Conditions Peers
Mission Budgets
Aspiration Marginals

In an interactive benchmarking session, the user (e.g., &@nag
headmaster, superintendent) selects a focus (modahda@nalysis. The
focus can be short run or long run, and it can involve theeestthool or
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some parts of the school. Ideally, the model captures tbeargl condi-
tions because it accounts for inputs, outputs and environinamiables.
However, the user can make supplementary assumptions thkeoaha-
lyzed school and its relevant peers. The evaluated umibea realized
unit, a budgeted unit, a potential merger, etc. Similarly, esizpns with
some other schools can be excluded using filters on tbeveadl peers.
The user may, for example, only be interested in comparisithdocal
schools of a similar size. The user’s specific strategyle further speci-
fied by defining search directions. These directiaftect the user’s in-
terest in saving the different inputs (resources) arekpanding the dif-
ferent outputs (products and services). The aspiration &k perfor-
mance of others can also be examined. Although best pmaetieeof
particular interest, the user may strive for less, @%.percent of best
practices.

Using a benchmarking model as a learning lab allows thetasearsi-
ly support a series of operational, tactical and strategityses. Among
other things, the user can use the benchmarking model to:

» Budget and set reasonable targets that reflect the useté&ggtra

» Account for differences in responsibilities

* Find peers to imitate based on the idea of learning from the best

» Evaluate the school’s strategic position

» Find marginal costs and trade-offs to support marginal decisions

» Optimize scale and scope

» Analyze non-marginal decisions about outsourcing and insourcing
activities, and about collaborating or possibly merging schools

We will now illustrate some of these applications.

To do so, consider a given school, here Sorg Bogerskole. Thalcent
benchmarking screen for this school in a model with thettnand out-
puts of model 2 is illustrated in Figure 10 below. In tHissiration and
the following, we have not taken into account the uncertadfityhe
school effects. The present situation for the school isarired in the
“MyUnit” column. For pedagogical reasons, we use hourssphatents,
i.e. a simple rescaling of the original fte per studeassinputs. A best
practice combination of other schools leads to the iapdtoutput values
in the “Benchmark” column, which correspond to a target budemt
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example, we see that with the given budget, i.e. withoutgihgrthe

hours spent by teachers on teaching, by teachers on nom¢gactivi-

ties and by other staff, the grades could be increaeet .46 to 7.34 in
the humanities and from 6.55 to 7.45 in Science and Mathematics.

Figure 10. Benchmarking of Sorg Borgerskole
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Source: Own calculations.

The benchmark budget depends on the presumed strategstratee
gy expresses in general terms the goals of the school and plans to
accomplish them. The school may be particularly intereistedducing
some parts of its cost base and expanding some of itkeserin a
benchmarking context, we can consider this as the improvedireat
tion. Strategic prioritizing between saving on different ismand expand-
ing different outputs is controlled by the “Direction” héesd These han-
dles provide numbers, usually between 0 and 100, that expessager
the user is to save on the associated inputs or to expanalssociated
output. The use of directional efficiency is illustrated=igure 11 below.

The directiond(dx,dy) interacts with the present situatidi, y) to

form the benchmark. For the user of benchmarking, the “Dir@ctian
be viewed as a wheel that is used to steer the school in diffrections
to produce different projections on the efficient frontiEne general idea
is that the more an input or output dimension is emphésiae more we
save (expand) the associated input (output). Note alsdhdnataditional
Farrell efficiencies that we relied on in the empiriaablyses above cor-



286 Nordic Economic Policy Review, Number 2/2011

respond to special cases of the directional approach. Irficiercy
corresponds to the use df=(x,0) and output efficiency corresponds to

the use ofd =(0,y) .

Figure 11. Directional efficiency approach

Input 2 Output 2

0 Output 1
Input side Output side

Therefore, the important managerial task of linking sgrateith
budgets

Strategy— Budget

can be supported by a benchmarking model. The user maniptiiates
direction to express his strategy and the benchmarkingmeytbien calcu-
lates the resulting benchmark budget

Strategy— Direction— Benchmark— Budget.

It is important to understand that this particular budglkes into ac-
count the school’s particular historical mix of resouraed services, and
the environmental constraints it might face to the extattthese aspects
have been modeled. Moreover, the budget is derived usingadlthlzle
information about the complex multiple-inputs, multiple-outpetation-
ships as they have been estimated using data from ksekomls, and it
takes into account the strategy and preferences of the school fioques

One advantage of such benchmark-based planning and budgeting is
that it is relatively easy to find the relevant tardetsause we can direct-
ly explore the strategy-budget relationship. That is, masagn experi-
ment with different goals and strategies and get imatedieedback on
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the likely consequences. This means that the itergtiveess of trying
different strategies, predicting their consequences, modifyinglémeand
updating the consequences is simplified when using a bendhgark
framework.

Another common issue in applications is to take into acaditfetent
conditions without making managers responsible for aspeyscdmnot
control. This can also be supported by the choice of titirecThe envi-
ronmental factors that may either facilitate or compéiqgaroduction, e.g.,
a high socioeconomic index or a required minimum number ohileg
hours, can be included as non-controllable inputs or outpu&tting the
corresponding dimensions of the direction vector equal zero.

One of the advantages of non-parametric benchmarking midkiels
DEA is that they provide explicit peers to learn frams,discussed earlier
in the paper. In Figure 10, the peers are illustrateédardower part of the
screen shot. In particular, we see that Sorg Borgerskole shoutdesyri
from Rantzauminde Skole, Christinelystskolen, and Asmind&iaie.
We can also see the relative importance of these peenstifie length of
the horizontal bars.

It is noteworthy that the peers take into account theackeristics of
the evaluated school. Specifically, and assuming thatoveot use nega-
tive directions, the combination of peers produces moreach output
using less of each input than the evaluated school. Hpigies why
peers often seem intuitively sensible to industry. Thespakso take into
account the strategy that is reflected by the “Directidrwe change the
“Direction”, the relative importance of the peers will nga and some
new peers will become relevant

In practical applications of benchmarking, peers are studith in-
terest by managers and researchers alike. First, theangle of the
benchmarking approach is intuitively evaluated by the relevahdke
peers. Moreover, practical managers may have additiegairements
that they want to impose on the comparisons. There camabg reasons
for this. Some of these reasons are rational, for exampieparing one
school with another school that operates under a simitadation be-
cause this makes their conditions more comparable. @#amons are
more emotional or at least based on “softer” argumentaafager may
not trust the data from some schools or may already hasblisked
good relationships with the managers of some other schndlsnay thus
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be particularly interested in learning from these. Frdeaening perspec-
tive, it is acceptable to introduce additional restrictidrnthe managers
recognize that potentially attractive learning possibgitiare foregone
when such restrictions are introduced. In InteractivecBewarking 1B,

additional restrictions on potential peers are eagyttoduce. One possi-
bility is to define filters on the set of potential eeAnother is to elimi-
nate peers that are suggested by the mathematical zgdioni but that
the user dislikes. In the software, this is done witingle click on the
horizontal bar that shows the importance of a peer. A mtvofspeers
will be calculated based on the remaining set of potential peers.

If we are mainly interested in the cost savings aadtwo keep the
school responsible for allocation of the total time on teaclpirggaration
and other time, we could move to a simple model with one input only,
total hours used per student per year as in Figure 12 b@levsee that
by adjusting to best practice, Sorg Borgerskole is now estinatel/e a
saving potential of 24.6 percent and should learn from Grgnlgkkeskolen.

Figure 12. Sorg Borgerskole with cost saving object ive

Tputpop. | Ouputprop.  Add report pren. Hice peers Show IESL IEF,; 24.56%

Source: Own calculations.

If the manager is also concerned about the exam grades in the humani-
ties in particular, he could try to lower the hours $@erd, at the same
time, increase the school effect in the humanities. The outsosi®wn
in Figure 13 below. Note that increasing the average drade 6.46 to
7.21 comes at the marginal costs of increasing the benchroarg from
139.4 to 163.8 per student per year.
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Figure 13. Cost saving and increased school effect in humanities
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Source: Own calculations.

If the manager wants to extend his search for interegi®ys, he can
make a comparison for example to all peers, as shown ieieGroup
field. In this case, the saving potential increase33tpercent, cf. Figure
14.

Figure 14. Extending the search for peers
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Source: Own calculations.

This may seem like a dramatic saving and it may thezdfe interest-
ing to make a parallel analysis of all the schools urtkersame condi-
tions. The cumulative distribution from such a sectohyaigis shown in
Figure 15 below. The graph shows that Sorg Borgerskole is ranked
among the 33 percent most efficient schools.

Figure 15. Sector analysis

Generate || Hide graphs || Report.. Distribution

Source: Own calculations.

Interactive benchmarking can also support more structexsidns.
It is easy for a user to evaluate the scale efficiaiay given school. As
discussed above, the optimal scale depends on the composittba of
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resources, outcomes and environmental factors, including $tudeni-

oeconomic characteristics. This means that there isnmalesanswer to
the gquestion of optimal scale size. Rather, the spedifizacteristics of
the school, its environment and its strategy must be takeraaatount,
which is exactly what the interactive benchmarking apgraalows the
user to do. Moreover, the user can easily change thalleg-ceturns to
scale assumption in this framework.

Although the idea of optimal scale is useful, the concegyt not fully
reflect the reality faced by a manager, who may naalide to adjust to
optimal scale size. If a town has two schools and bothoaremall, we
cannot simply increase the size of each school becauseat®etoo few
students to do so in practice. The available option matp leerge the
two schools. This action may lead to a school that islaoge, but the
losses from the merger may be smaller than the beoéfitereasing the
size of the original schools. To support such evaluatibmsore specific
options for restructuring, one may once more use benchmarkirig§p-c
getoft and Wang (2005). In fact, the Interactive Benchmarking $Bf®
ware contains a mechanism for evaluating this optiositmply selecting
which schools to merge and then analyzing the potentiedeneSimilar
facilities are available in the R package “Benchmarkily comparing
the costs and results of the tentatively merged sahitolthe individual
costs and services of the original schools, we can obtain ficpegalua-
tion of the actual possibilities that are available igiaen town. Other
possibilities can also be analyzed. If, for example, onddiike to con-
sider outsourcing some services, it is possible to caéctie costs with
and without those services. If the difference excekdspaiyment to the
provider of the outsourced services, then outsourcing is edoalbm
attractive.

These few examples suffice to demonstrate how individuabgexs,
headmasters, superintendents and politicians can use tblentshking
model to support a series of managerial decisions. The indivehraing
perspective stands in sharp contrast to the use of benchmarkirayite
league tables. While the latter often — and sometime rightfol — cre-
ates organizational resistance to benchmarking singestirge as public
pillory, the learning perspective may be of interest to atigminvolved.
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7. Conclusion

Public schools are not all alike. The social composition ef dfudent
body varies substantially. Similarly, school size variebpsls prioritize
the use of teachers’ time differently, and schools ha¥erdift strengths
and weaknesses in teaching different subjects.

Given these differences, a fair and useful benchmarkirsgem of
school performance that takes into account the use ofinees must
incorporate many different aspects of schools. In thidyais, DEA is
applied in combination with multilevel modeling as a tool ‘ficralistic
benchmarking”, which is designed to identify relevant peersefarh
public school. These peers should be very similar to ttengiehool but
should perform better. This approach can strengthen thesefiio school
improvement by identifying the most relevant sources of iatph.

The major causes of variation in examination scoresraligidual-
level student characteristics, such as abilities, motinatind socioeco-
nomic background. However, differences with regard to schoality
also play a significant role. Therefore, there is reason to @i less
efficient schools can learn from the best schools. In adgithe consid-
erable costs of school resources make it relevant to optimizecesme.

With this purpose in mind, this paper introduced two moddis. first
model was designed to answer the question: How much catic publ
schools save without reducing quality, when they learn frioenrost
relevant peers? We found that by applying realistic benchinganublic
schools could save approximately 13 percent compared to thentcur
level of spending on school resources.

The other model addressed the problem: How much can public
schools that are inspired by learning from relevant pegpsove student
skills without increasing the use of resources? We fobhatl tealistic
benchmarking, which disseminates best practices among schagls,
to result in an increase in student skills by more than 10 peRasgd on
the OECD model for estimating the economic impact of improved stude
skills, the value for society of this increase wouldrbere than 3 000
billion Danish kroner over 80 years.

In relation to both models, we have examined the relevafinearious
general strategies for improving school efficiency. In sommicipali-
ties, changing school size has a large savings potemtiathér munici-
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palities, there is a major potential for improvemenatesl to a better
allocation of resources such that teachers spend ré¢yatiwere time

teaching. In this way, the model may allow managers tardete priori-

ties among the various strategies.

To support managerial decisions, it is also useful to “allowrtherag-
er back in”. Interactive benchmarking that combines multipleeria
decision making with benchmarking supports this. The benclmgark
model serves as a learning lab that the manager cato @stimate the
potential impacts of alternative decisions, both maigiaad non-
marginal ones. In particular, using a directional distaapproach, the
manager can easily experiment with different prefereandsplans to see
the possible consequences.

There is not much doubt that detailed data about schoarperfice
will increase in the future. If we are to benefit frone tihcreased data,
there is a need for strong tools to address multipleopaaince dimen-
sions. By combining DEA with multilevel modeling, we have introetl
such a tool and shown some of its applications. As stayed recent
government task force on public schools, if our public schoolsoabe
world class, decisions have to be made; money and resdaeeso be
reallocated; and functions, competencies and institutiame to be cut,
moved or rebuilt. Advanced benchmarking techniques may halpre
that we make the appropriate choices.
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Comment on Bogetoft and Wittrup:
Productivity and education:
Benchmarking of elementary and
lower secondary schools in Denmark

Timo Kuosmanen

There is a large and growing stream of literature onptioeuctivity of
educational institutions that overlaps such disciplinesdagational eco-
nomics, educational statistics, pedagogy, and operations Iesdde
simplest thinkable productivity measure of a school ispingil-teacher
ratio, which is frequently referred to in public disdoss However, such
simple ratios overlook such factors as the quality of edwet out-
comes, family background of pupils, economic resources of the school
and its operating environment.

Bogetoft and Wittrup approach this topic from a novel perspedtate t
combinesmulti-level modelingdMLM) from educational research (e.g.,
Raudenbush and Bryk, 2002) wittata envelopment analysi®EA,
Charnes et al., 1978) used in applied economics and openag@ach.
This allows the authors to take into account both the quaéitatid quan-
titative factors suggested above. | find this to be a vesfulisontribu-
tion towards further integration of this scattereddfief research that is
too much divided by disciplinary boundaries. However, | also the
scope for a more systematic and rigorous integrationeofmisthods. The
purpose of this note is to provide some thoughts for fudbgelopment
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of this line of research. | start from methodological éssand proceed to
practical implementation via scale efficiency.

1. Further integration of methodology

MLM is mainly confined to educational research, but it nalagous to
the standardixed effect{FE) andrandom effect¢§RE) models in econo-
metrics (e.g., Greene, 2012). While the FE and RE modelssaidiyu
applied to panel data wheneschools are observed ovEttime periods,
they could equally well be applied to a cross-sectiom sxfthools that are
observed from the perspectivesTpfindividual pupils (assume an unbal-
anced panel wherg differs across schools). The fixed effects of the FE
model can be used to estimate the “value added” of timok@analogous
to the MLM approach. Interestingly, in the literature stachastic fron-
tier analysis(SFA, e.g., Kumbhakar and Lovell, 2003), the econometric
panel data methods are similarly used for estimatiodumtivity differ-
ences across schools. Such SFA models could readily aratepboth
pupil-level and school-level information in a coherent afodly-
integrated framework.

The main advantage of DEA to SFA is that it does not require any pa
ticular functional form for the production frontier. WhIlEEA originated
as a mathematical programming approach, the statigtiopkrties of the
DEA estimator have been established (Banker, 1993; Simawdéedn,
2000). Recently, Kuosmanen and Johnson (2010) have shown that DEA
is a sign-constrained variant of convex regression (HaasdnPledger,
1976). This link between DEA and regression analysis enablisinote-
grate a DEA-style nonparametric frontier to the econometddels of
panel data (see Kuosmanen and Kortelainen, 2011 for details)cticala
challenge with such an integrated modeling approach isloemous
computational burden when the sample size (number of pupilgrys
large. However, more efficient computational algorithmsbeiag devel-
oped. Moreover, a clever use of modeling tools can significaaetyce
the computational burden.

The main disadvantage of DEA is that it does not takedotount an
explicit disturbance term and hence, any measuremens eomitted
variables and other noise that is attributed to inefficy. Incorporating a
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DEA-style axiomatic frontier in an econometric framewaalk in
Kuosmanen and Kortelainen (2011) can effectively solve this problem

Finally, the two-stage method, where DEA efficiency ss@ee re-
gressed on environmental variabeévhich Bogetoft and Wittrup con-
sider at the end of Section 5) has been sharply critidizeSimar and
Wilson (2007) who argue that the statistical inferencethé second-
stage regression are invalid. Integrating the DEA-stydb@parametric
frontier to the econometric model also solves this prol{kaa Johnson
and Kuosmanen, 2012).

2. Scale efficiency

An important issue from the policy perspective is thensgitischool size,
which is closely related to the optimal pupil-teachatior small schools
tend to have smaller classes than large schools. Snoalpgyiobviously
require more teacher resources than large groups, dret $bems to be a
tradeoff between group size and the quality of educationalomdts.
Further, if small schools are closed and pupils areoetd to larger
units, the transportation costs can increase significaaipecially in
sparsely populated areas. Estimating the economically optimal siheol
is a challenging task involving several tradeoffs.

Bogetoft and Wittrup address this issue using the DEA-bsssd ef-
ficiency measure. From a conceptual point of view, seffieiency is
perfectly appropriate for evaluating the most productivieosk size.
However, the input variables considered in this study es#icted to
labor inputs (teacher and staff hours). If the data so ferthie scale
efficiency analysis could easily be extended to inclisedapital stock
and other relevant inputs. However, to estimate the paterst saving
that can be obtained by scale efficient operation adalshfrom a social
point of view, one should look beyond the school-specific ingsdurces
and take into account external costs (e.g., transportatiih that are not
included in the school budget.
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3. Realizing the cost saving potential

Achieving the potential cost saving estimated by fesntnethods is a
challenge in practice. In this respect, Bogetoft and Wfitttevote consid-
erable attention to interactive benchmarking where inefficiehools can
learn from their efficient peers. Benchmarking is widelyoggized as a
useful strategy to facilitate the diffusion of best ficms. However,
benchmarking does involve an opportunity cost (consider the dewot-
ed to searching the appropriate peers, visiting the schadl®rganizing
meetings concerning school practices, etc.), whereas thétbeme un-
certain. It is not always self-evident that the benefitsveigh the cost.
To my knowledge, there is little evidence that DEA-based Hreadking
is more cost-effective than some simpler and chealpemative for the
diffusion of best practices. | would like to suggest this to batnesting
topic for further research.

The approach that | would propose is to first idengibpd practices
that schools have (e.g., pedagogical approach, extracurraxctigities,
the use of ICT), then collect data regarding the mest and finally ap-
ply an efficiency analysis to assess how differenttpras affect perfor-
mance. The effects of school practices (or local cilonalt policy) on
productivity could be estimated similar to theariables that represent
the operating environment (see Johnson and Kuosmanen (2012) for a
more detailed discussion). The results of such estimatoid provide
valuable information for both educators and policy malkassut the
productivity improving practices.
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