
Editor’s Overview
The 37th issue of the International Productivity Monitor contains seven articles.

The topics are a comparison of the productivity growth slowdown between Europe
and the United States; firm-level evidence on the impact of digitalization on produc-
tivity; the impact of the China shock on innovation and productivity in Canadian
manufacturing; productivity dispersion at the firm level in Canada; the role of R&D
in productivity improvement; consistency issues on the construction of productivity
indices; and the state of productivity research.

Productivity comparisons between coun-
tries have the potential to offer signifi-
cant insight into the explanation of pro-
ductivity developments. In the lead arti-
cle, Robert J. Gordon from Northwest-
ern University and Hassan Sayed from
Princeton University provide a detailed ex-
amination of productivity trends by in-
dustry in the United States and Europe.
Their analysis sheds much light on the
phenomenon of slower productivity growth.
The key finding is that productivity growth
in EU-10 countries, at both the aggregate
and industry level, has followed that in
the United States with a 20 year lag. In-
deed, the total economy labour productiv-
ity of slowdown of 1.67 percentage points in
the United States between 1950-1972 and
2005-2015 was virtually identical to that
in Europe between 1972-1995 and 2005-
2015 (1.68 points). The authors argue that
these transatlantic developments support
the view that the productivity slowdown
is due to a slowing of the pace of technical
change that has affected the same indus-
tries, by the same magnitude on both sides
of the Atlantic.

The slowdown in productivity growth
observed in the world economy has taken
place in a period of rapid development of
digital technologies. This is paradoxical as
many believe the adoption of these tech-

nologies should have a positive impact on
productivity. In the second article, Pe-
ter Gal, Giuseppe Nicoletti, Christina
von Rüden and Stéphanie Sorge from
the OECD and Théodore Renault from
the Graduate Institute of International and
Development Studies examine the impact
of digitalization on productivity in Eu-
rope. They find robust evidence that digi-
tal adoption is in fact associated with pro-
ductivity gains at the firm level, especially
in manufacturing, and for routine-intensive
activities and the more productive firms.
They note that compared to earlier waves
of innovation, digital technologies appear
more difficult to implement for less produc-
tive firms because of the increased impor-
tance of intangible capital and skills. This
has in turn has led to a slower pace of dif-
fusion for these firms and increased disper-
sion of productivity growth among firms
and may in part explain slower aggregate
productivity growth.

The rise of China has had a major effect
on many aspects of the global economy, in-
cluding productivity. In the third article,
Myeongwan Kim from the Centre for the
Study of Living Standards looks at the im-
pact of the China shock on innovation and
productivity in Canadian manufacturing at
the firm level. He finds that increased im-
port competition from China reduced prof-
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itability, especially in smaller firms, and
consequently decreased R&D expenditures
and total factor productivity growth within
firms. But the exit from the market of
many smaller less productive firms because
of Chinese imports had a positive reallo-
cation effect on TFP, more than offsetting
the negative direct effect. Had there been
no increase in Chinese import penetration,
TFP growth in Canadian manufacturing
would have been 0.2 percentage points per
year lower in 2005-2010.

Productivity researchers have greatly
benefited from the increased public avail-
ability of firm-level data in recent years.
These data have provided many new in-
sights, especially on the dispersion of pro-
ductivity and productivity growth across
firms. In the fourth article, Wulong Gu
from Statistics Canada presents data for
the firm time on the productivity of frontier
firms, the most productive 10 per cent of all
firms, and non-frontier firms in Canada. He
finds that labour productivity growth was
indeed faster for the former than the lat-
ter in the 1991-2015 period. But because
non-frontier firms account for 90 per cent
of total employment, these firms also ac-
counted for the lion’s share of the post-2000
productivity slowdown in Canada.

Research and development (R&D) has
long been considered a key driver of techno-
logical innovation and productivity growth.
But is R&D alone enough to improve
productivity or are complementary co-
investments also needed for a productiv-
ity payoff from R&D? In the fifth article,
Jianmin Tang from Innovation, Science
and Economic Development Canada and
Weimin Wang from Statistics Canada ex-
amine this issue by estimating a stochas-

tic frontier model based on firm-level data
for Canadian manufacturing. They find
that R&D does improve multifactor pro-
ductivity, but that the actual impact de-
pends of R&D efficiency. This in turn is
related to factors internal to the firm, in-
cluding management practices, ICT invest-
ment, a skilled workforce, firm size and
market power, and business strategy.

Many national statistical offices produce
both quarterly and annual estimates of pro-
ductivity in index form based on the same
data sources. This raises the question of
whether consistency between the two se-
ries can be expected. In the sixth article,
Bert M. Balk from Erasmus University
explores this issue from a theoretical per-
spective, concluding that consistency is in
fact unattainable. He then lays out the
choices open to statistical offices to deal
with the inconsistency, stressing the im-
portance of communicating clearly to data
users that there is at best an approxi-
mate relationship between annual and sub-
annual productivity series.

The literature on productivity topics has
burgeoned in recent years, making it in-
creasingly difficult for researchers to keep
up with the progress in the field. Fortu-
nately, the publication of the Oxford Hand-
book of Productivity Analysis, edited by
Emili Grifell-Tatjé, Knox Lovell, and Robin
Sickles, will make keeping abreast of new
developments easier. In the final article in
the issue, Marshall Reinsdorf from the
International Monetary Fund provides a re-
view article of the book, concluding that
the Handbook is an extremely valuable ref-
erence as both a general introduction to the
productivity field and as a source of author-
itative articles on key productivity topics.
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Online Appendix to “The Indus-
try Anatomy of the Transatlantic
Productivity Growth Slowdown:
Europe Chasing the American
Frontier”

Robert J. Gordon
Northwestern University and NBER

Hassan Sayed
Princeton University1

Datasets Utilized

The vintages of the annual data used in
this project were downloaded between May,
June, and early July of 2018, and consist
of the 2012 and 2017 releases of the EUK-
LEMS datasets. These data includes quan-
tities, indices, and pre-calculated growth
rates of output, capital, labor, and produc-
tivity, among other variables. With the ex-
ception of value added and a handful of in-
dices (usually labor and capital services),
labor productivity and growth rate data
generally start post-1995 in the 2017 re-
lease. However, these data were also avail-
able in the 2012 releases, which estimated
values back until 1970. To gain a full pic-
ture of the data for each country and indus-
try back us far as possible, it was necessary
to link the older release of the KLEMS from

2012 with the 2017 dataset.
Towards the end of July, EUKLEMS re-

vised the 2017 release, in the process elim-
inating many pre-1995 datapoints. Since
we downloaded the data prior to this re-
vision, we have retained many of the now-
missing pre-1995 values from the 2017 re-
lease, though these are likely available to
some extent in the 2012 releases.

Merging the KLEMS Data Old
to New

The primary method of merging was ra-
tio linking, which was used for merging in-
dices and quantities. For each variable in
a given industry and country, we took the
earliest value available in the 2017 data
and identified the observation in the older
dataset corresponding to the same variable.

1 The main article is available at http://www.csls.ca/ipm/37/Gordon.pdf.
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We then computed the ratio of the 2017
datapoint to the 2012 datapoint for that
year and multiplied all prior observations
by this ratio. The consequence of using this
procedure was that growth rates were pre-
served across the old and new data without
any jumps or discontinuities at the point of
merging.

In the case of pre-calculated growth
rates, datapoints were simply appended.
That is, if time t were the last year that
the growth rate for a variable was available
in the 2017 data, then at time t-1 and ear-
lier, the growth rates for 2012 were used
without any transformation. This method
of appending growth rates is equivalent
to ratio-linking indices, since ratio-linking
ultimately multiplies the earlier subset of
data by a uniform constant, preserving
growth rates.

Growth Accounting and Capi-
tal/Hour Contributions

The EUKLEMS data provide a hand-
ful of pre-calculated growth rates in its re-
leases. These include:

1. VA_Q, growth rate of real value
added;

2. VAConTFP, contribution of TFP
growth to real value added growth;

3. VAConLC, contribution of labor com-
position growth to VA_Q;

4. VAConH, contribution of hours
growth to VA_Q;

5. VAConKIT, contribution of ICT cap-
ital services growth to VA_Q;

6. VAConKNIT, contribution of non-
ICT capital services growth to VA_-
Q;

7. VAConK, contribution of capital ser-

vices growth to VA_Q, which is
the sum of VAConKIT and VA-
ConKNIT ;

8. and LP1_Q, the growth rate of value
added per hour as calculated by the
sum of contributions

These contributions to value added per
hour are governed by the following equa-
tion:

V AQt = V AConTFPt + V AConLCt

+ V AConHt + V AConKITt

+ V AConKNITt (1)

Let sIT be the share of ICT capital ser-
vices in production, sNIT the share of non-
ICT capital, y value added growth, lc la-
bor composition growth, h hours growth,
kIT ICT capital growth, and kNIT non-ICT
capital growth. Then, this equation can
also be written as:

yt = tfpt + (1 − sIT − sKIT ) (lct)

+ (1 − sIT − sKIT ) (ht)

+ sIT kIT
t + sNIT kNIT

t (2)

Extensive VAConKIT and VAConKNIT
data were not available for the U.S., so we
primarily utilized VAConK by adding to-
gether VAConKIT and VAConKNIT. For
consistency, we also did this with the Eu-
rope data. Because of the identity above,
this equation can be simplified to:

yt = tfpt + (1 − s) (lct)

+ (1 − s) (ht) + skt (3)

2 NUMBER 37, FALL 2019: Online Appendix



where s is defined so that skt = sIT kIT
t +

sNIT k
NIT
t .

On the other hand, LP1_Q (or lp),
which is value added per hour, can be writ-
ten as:

LP1Qt = lpt = yt − ht = tfpt

+ (1 − s) (lct) + (1 − s) (ht)

+ skt − ht = tfpt + (1 − s)(lct)

+ s(kt − ht)

= V AQt − ht = V AConTFPt

+ V AConLCt + s(kt − ht) (4)

Concretely, labor productivity growth is
TFP growth + the contribution of labor
composition + the contribution of capital
per hour, i.e. capital’s share multiplied by
the growth rate of capital less the growth
rate of hours. The contribution of capital
per hour will be denoted by ConK/H.

One way to calculate ConK/H is to use
nominal expenditure on labor and capital
to retrieve labor’s share, multiply the con-
tributions of hours by s

1−s , and subtract
this from VAConK. However, since LP1_-
Q, VAConTFP, and VAConLC are already
given by KLEMS, we can simply calculate
ConK/H as a residual. That is,

LP1Qt − V AConTFPt

− V AConLCt = ConK/Ht (5)

We indeed employ this method in the
data to calculate the contribution of capi-
tal per hour. Not only does this satisfy the
identity above and allow the given contri-

butions to add up to labor productivity, it
also prevents any error related to comput-
ing ConK/H by hand using labor’s share.

Calculating Earlier LP1_Q Val-
ues

There are two labor productivity vari-
ables of interest available in the KLEMS
data: “LP1_Q” and “LP_I” — while the
former is a growth rate calculated bottom-
up as a sum of contributions, the latter is
an index that directly divides value added
by the hours index. The former is avail-
able only in the 2017 release, while the
latter is available in both the 2012 and
2017 datasets. Since this project is con-
cerned with breaking down labor produc-
tivity growth into its components, we uti-
lize LP1_Q instead of LP_I.

However, since LP1_Q is unavailable in
the 2012 data, we use the growth of the
LP_I index to proxy for any earlier years
where LP1_Q is unavailable — we append
the growth rate of LP_I to any data points
prior to the earliest year where LP1_Q is
available.

A Note on Anomalous UK Data

Upon a cursory observation of the UK
KLEMS series for LP1_Q, the year 1995
sticks out as an anomaly: the data source
has labor productivity growth for the to-
tal economy listed at 23.5 percent, mining
at 58 percent, and much of manufactur-
ing above 15 percent. Although this re-
sult is likely due to an error in the orig-
inal dataset, the data cannot be properly
corrected if the source of that error is un-
known. To correct for this problem, we cal-
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culate the level of UK labor productivity in
1995 as the average of the values in 1994
and 1996.

Aggregating the Commodities
and Services industries

The KLEMS data are divided into two
types of industries: commodities produc-
ing, alphanumeric industries A through
F (Agriculture through Construction) and
services producing industries G through S
(Wholesale & Retail through Arts & En-
tertainment). To examine trends within
both of these types of industries, we create
aggregates for “Commodities” and “Ser-
vices” by combining data from different
subindustries into a single aggregate. In
the case of nominal variables like gross out-
put and value added, we simply add the
values of each sub-industry. For indices
and growth rates, we compute a weighted
sum of the values of each sub-industry’s
index or growth rate, where the weights
are the shares of nominal value added of
that industry in the entire value added of
an aggregate. For example, the weight
for the commodities producing “Agricul-
ture” industry would be the value-added
of Agriculture divided by the sum of value
added for industries Agriculture through
Construction, i.e. the total value-added of
commodities.

Creating the EU-10 Aggregate

To examine productivity behavior in
a European aggregate, we use the same
weighting technique as described above for
Commodities and Services. In this case,
the source of our weights are the real

PPP-adjusted GDPs of European coun-
tries, taken from the Conference Board To-
tal Economy (TED) database, divided by
the sum of those GDPs. We utilize a pro-
cedure of moving weights; since the data
for different European variables start at dif-
ferent times, we take account of whether
those countries are available in the dataset
before assigning weights. For example, for
the year 1974, only Germany, Italy, and the
UK have data available for TFP growth.
Because of this, we take the weight for Ger-
many in 1974 to be the GDP for Germany
divided by the sum of the GDPs of Ger-
many, Italy, and the UK (rather than the
entirety of the EU-10). As more countries
enter into the dataset, we incorporate these
new countries into the weights: when the
Netherlands enters the dataset in 1980, for
example, the weight for Germany is the
GDP for Germany divided by the sum of
the GDPs of Germany, Italy, the UK, and
the Netherlands.

European Value Added

Although it is straightforward to convert
growth rates or indices to aggregates with
the TED GDP weights, calculating nomi-
nal value added poses a challenge, as the
EU KLEMS country-level datasets are all
in terms of millions of national currency.
To circumvent this issue, we used the TED
GDP data as representative of the KLEMS
Total Economy aggregate (“TOT”) and
normalized each country’s industry’s value-
added to TED PPP units.

To calculate PPP adjusted value added
for country j and industry i, we took the
industry’s share of TOT value added and
multiplied it by the TED GDP for that
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country:

V Aadj
i,j =

V AKLEMS
i,j

V AKLEMS
T OT,j

GDP T ED
j

Then calculating aggregate value-added
for the EU-10 only required summing up
the VA terms of each individual country.

Extending the US Further: The
WorldKLEMS Dataset

Although EUKLEMS mostly has U.S.
growth rates back until 1977 (and some
nominal indices back to 1970), a dataset
from Dale Jorgensen and his collaborators
on the WorldKLEMS website provides de-
tailed data on the US back until 1947 in a
similar format to the EUKLEMS data. We
use the 2013 release of the data; the vin-
tage was downloaded in mid-July of 2018.
The range of this data is from 1947-2010.
Instead of linking these data directly to the
2017 release of EUKLEMS, we first linked
the earliest data in the 2017 release to the

earliest points in the 2012 release, and then
linked the WorldKLEMS data to the earli-
est point of the 2012 data.

The primary limitation of this World-
KLEMS data is that the industry cate-
gories use an older revision of the ICIS (Rev
3), while the EUKLEMS data uses Rev 4.
Hence, we have linked older industry cate-
gories into the newer ones. Table A1 details
those re-classifications of data — some were
left unlinked, while others were formed by
aggregation. Aggregation of smaller indus-
tries into larger ones was done in the same
way as the commodities and services aggre-
gates discussed above, using value added
weights for indices and growth rates and
direct addition for nominal quantities.

The only industries that were could not
be successfully merged were 58-60, 61, 62-
63, M-N, R, and S, indicated in orange in
Table A1. Of these, the only unmarked in-
dustry which was consequential to our anal-
ysis was M-N, Professional Services. For
that reason the Professional Services indus-
try is omitted for the period 1950-72 in sev-
eral of the tables and figures.

INTERNATIONAL PRODUCTIVITY MONITOR 5



Table A1: WorldKLEMS Industries and Merges with
EUKLEMS Data

WorldKLEMS Data EUKLEMS Data

WorldKLEMS Code EUKLEMS Code Industries Merged
from WorldKLEMS

TOT TOT TOT
MARKT MARKT MARKT

AtB A AtB
C B C
D C D

15t16 10-12 15t16
17t19 13-15 17t19

20 16-18 20, 21t22
21t22 19 23
23t25 20-21 24

23 22-23 25, 26
24 24-25 27t28
25 26-27 30t33
26 28 29

27t28 29-30 34t35
29 31-33 36t37

30t33 D-E E
34t35 F F
36t37 G G

E 45 50
F 46 51
G 47 52
50 H 60t63
51
52
H I H
I J 64

60t63 58-60
64 61

JtK 62-63
J K J
K L K
70 M-N

71t74 O-U LtQ
LtQ O L

L P M
M Q N
N R-S O
O R

S
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Online Appendix for “Digi-
talization and Productivity:
In Search of the Holy Grail
Firm-level Empirical Evidence
from European Countries”

Peter Gal, Giuseppe Nicoletti, Christina von Rüden, Stéphane Sorbe
OECD

Théodore Renault
Graduate Institute of International and development Studies1

1 The main article is available at http://www.csls.ca/ipm/37/OECD.pdf.
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Appendix A. Description of the data and variables used
Table A1: Description of variables and sources

Description Coverage Dimension
used in anal-
ysis

Source Link

Digital Technologies

High-speed Broad-
band

Maximum contracted down-
load speed of the fastest inter-
net connection is at least 30
Mb/s (e_ispdf_ge30)

2014-
2016

Sector, Coun-
try

Eurostat - Digital
economy and society
statistics - households
and individuals

http://ec.europa.
eu/eurostat/web/
digital-economy-and-society/
data/comprehensive-database

CC Buy cloud computing services
used over the internet (E_CC)

2014-
2016

Sector, Coun-
try

Eurostat - Digital
economy and society
statistics - households
and individuals

http://ec.europa.
eu/eurostat/web/
digital-economy-and-society/
data/comprehensive-database

ERP Enterprises who have ERP
software package to share in-
formation between different
functional areas (E_ERP1)

2010;
2012-15

Sector, Coun-
try, (Time)

Eurostat - Digital
economy and society
statistics - households
and individuals

http://ec.europa.
eu/eurostat/web/
digital-economy-and-society/
data/comprehensive-database

CRM Enterprises using software so-
lutions like Customer Relation-
ship Management (CRM)

2010;
2014-
2015

Sector, Coun-
try

Eurostat - Digital
economy and society
statistics - households
and individuals

http://ec.europa.
eu/eurostat/web/
digital-economy-and-society/
data/comprehensive-database

CC complex Buy high CC services (ac-
counting software applications,
CRM software, computing
power)(E_CC_HI)

2014-
2016

Sector, Coun-
try

Eurostat - Digital
economy and society
statistics - households
and individuals

http://ec.europa.
eu/eurostat/web/
digital-economy-and-society/
data/comprehensive-database

SCM Automatic linking of enter-
prises to their suppliers and/or
customers application

2010-15 Sector, Coun-
try, Time

Eurostat - Digital
economy and society
statistics - house-
holds and individuals
http://ec.europa.
eu/eurostat/web/
digital-economy-and-society/
data/
comprehensive-database

Firm-level variables

Frontier growth Average growth of the top 5
percent firms in each sector-
year cell

2009-
2015

Sector, Time ORBIS, based on Bu-
reau van Dijk (BvD)

N.A.

Gap to frontier Firms’ lagged distance to the
frontier

2009-
2015

Firm, Sector,
Country, Time

ORBIS, based on Bu-
reau van Dijk (BvD)

N.A.

Age Firms’ age 2009-
2015

Firm, Sector,
Country, Time

ORBIS, based on Bu-
reau van Dijk (BvD)

N.A.

Employees Firms’ number of employees
(log)

2009-
2015

Firm, Sector,
Country, Time

ORBIS, based on Bu-
reau van Dijk (BvD)

N.A.

Intangibles Stock of intangible capital
(log)

2009-
2015

Firm, Sector,
Country, Time

ORBIS, based on Bu-
reau van Dijk (BvD)

N.A.

Capex Capital expenditures (log) 2009-
2015

Firm, Sector,
Country, Time

ORBIS, based on Bu-
reau van Dijk (BvD)

N.A.

Other

Routine tasks Routine content intensity (US) 2010-15 Sector Marcolin et al. (2016), based on the OECD Pro-
gramme for the International Assessment of Adult
Competencies (PIAAC) and European Labour Force
Survey (1995-2015).

Knowledge Inten-
sity

Share of labour compensation
of personnel with tertiary edu-
cation (US)

1995-
2000

Sector OECD (2013) http://dx.doi.org/10.1787/
9789264193307-en

Occupational
shortages

General skill shortage 2011-15 Sector, Coun-
try

OECD, 2018 http://dx.doi.org/10.1787/
9789264277878-en.

Resource manage-
ment skills

Ability to allocate resources ef-
ficiently

2011-15 Sector, Coun-
try

OECD, 2018 http://dx.doi.org/10.1787/
9789264277878-en.

Management of
personnel resources

Ability of managers to moti-
vate, develop and direct people
as they work, and identify the
best people for each job

2011-15 Sector, Coun-
try

OECD, 2018 http://dx.doi.org/10.1787/
9789264277878-en.

Computer and
electronics

Knowledge of circuit boards,
processors, chips, electronic
equipment, computer hard-
ware and software, including
application and programming

2011-15 Sector, Coun-
try

OECD, 2018 http://dx.doi.org/10.1787/
9789264277878-en.

Technical skills Worker’s capacity to design,
set-up, operate and correct
malfunctions, involving appli-
cation of machines or techno-
logical systems

2011-15 Sector, Coun-
try

OECD, 2018 http://dx.doi.org/10.1787/
9789264277878-en.
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Table A2: Country coverage

Austria Belgium Denmark Estonia Finland
France Germany Greece Hungary Ireland
Italy Latvia Netherlands Poland Portugal
Slovenia Spain Sweden Turkey United Kingdom

Table A3: Average adoption rates by sector (2010-2016)

NACE
Rev 2

Description ERP CRM CC CC (complex)

10-12 Manufacture of beverages, food and to-
bacco products

0.271245 0.188223 0.179248 0.099456

13-15 Manufacture of textiles, wearing apparel,
leather and related products

0.308204 0.212234 0.181328 0.084579

16-18 Manufacture of wood & products of wood
& cork, except furniture; articles of straw &
plaiting materials; paper & paper products;
printing & reproduction of recorded media

0.291412 0.26719 0.188538 0.090067

19-23 Manufacture of coke, refined petroleum,
chemical & basic pharmaceutical products,
rubber & plastics, other non-metallic min-
eral products

0.42955 0.326845 0.227648 0.112065

24-25 Manufacture of basic metals & fabri-
cated metal products excluding machines
& equipments

0.333373 0.248728 0.178942 0.080149

26 Manufacture of computer, electronic and
optical products

0.556172 0.447013 0.278731 0.147594

27-28 Manufacture of electrical equipment, ma-
chinery and equipment n.e.c.

0.455789 0.352506 0.187869 0.086747

29-30 Manufacture of motor vehicles, trailers and
semi-trailers, other transport equipment

0.501986 0.276797 0.212032 0.095408

31-33 Manufacture of furniture and other manu-
facturing; repair and installation of machin-
ery and equipment

0.272652 0.228846 0.191396 0.094772

35_39 Electricity, gas, steam, air conditioning and
water supply

0.341647 0.32225 0.259049 0.133773

41_43 Construction 0.156103 0.144789 0.199024 0.112612
45 Trade of motor vehicles and motorcycles 0.301579 0.427382 0.182405 0.115079
46 Wholesale trade, except of motor vehicles

and motorcycles
0.402495 0.393588 0.235896 0.130059

47 Retail trade, except of motor vehicles and
motorcycles

0.22922 0.238353 0.177975 0.103962

49_53 Transportation and storage 0.198024 0.203841 0.195679 0.103173
55_56 Accommodation and Food and beverage

service activities
0.111989 0.16216 0.165641 0.104095

58-60 Publishing activities; motion picture, video
& television programme production, sound
recording & music publishing; program-
ming & broadcasting

0.330037 0.42285 0.385612 0.247627

61 Telecommunications 0.480137 0.659599 0.389523 0.254364
62-63 Computer programming, consultancy and

related activities, information service activ-
ities

0.445565 0.605442 0.555143 0.402173

68 Real estate activities 0.225138 0.284749 0.256101 0.153134
69-74 Professional, scientific and technical activi-

ties
0.256945 0.333358 0.337497 0.203696

77-82 Administrative and support service activi-
ties

0.199038 0.279514 0.250756 0.161046

This table reports average adoption rates across industries for a set of 20 countries over the time period 2010-
2016 (depending on data availability).
Source: based on Eurostat, Digital Economy and Society (database), http://ec.europa.eu/eurostat/web/digital-
economy-and-society/data/comprehensivedatabase (accessed September 2017).
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Table A4: Correlations across digital technologies

High-
speed
broad-
band

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud
Comput-
ing

Cloud
Computing
(complex)

High-speed broadband 1
Enterprise Resource Planning 0.152*** 1
Customer Relationship Management 0.3252*** 0.5318*** 1
Cloud Computing 0.2312*** 0.0744*** 0.4108*** 1
Cloud Computing (complex) 0.1331*** 0.0791*** 0.4582*** 0.762*** 1
Note: ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively. Estimates are purged of country and
industry fixed effects.

Table A5: Principal Component Analysis

Panel A: Eigenvalue
Component Eigenvalue Difference Proportion Cumulative

Comp1 3.05223 1.93051 0.6104 0.6104
Comp2 1.12172 0.547131 0.2243 0.8348
Comp3 0.574586 0.375566 0.1149 0.9497
Comp4 0.19902 0.146568 0.0398 0.9895
Comp5 0.0524514 . 0.0105 1

Panel B: Eigenvector

High-speed
broadband

Enterprise
Resource
Planning

Customer Rela-
tionship Man-
agement

Cloud
Comput-
ing

Cloud
Computing
(complex)

1st principal component 0.4207 0.3088 0.4816 0.4917 0.5039
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Table A6: The correlation between skill shortages and digital adoption

Computer
skills

Technical skills Management of
Personnel Re-
sources

Resource Man-
agement skills

High-speed broadband 0.0645*** 0.079*** 0.0894*** 0.0932***
Enterprise Resource Planning -0.0807*** -0.0918** -0.0602*** -0.0557***
Customer Relationship Man-
agement

-0.0484*** -0.0399*** -0.04*** -0.036***

Cloud Computing 0.0529*** 0.0555*** 0.0413*** 0.0415***
Cloud Computing (complex) 0.0097*** -0.0096*** -0.023** -0.0208***
Note: ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively. Estimates are purged of country and
industry fixed effects.
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Appendix B. Additional regression results

Table B1: Cross-sectional regression (2014-15)

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.0485 0.0543 0.0554 0.0626 0.0711 0.0598
(0.0435) (0.0431) (0.0432) (0.0442) (0.0452) (0.0453)

Gap to frontier 0.102*** 0.102*** 0.103*** 0.0995*** 0.102*** 0.102***
(lagged) (0.0126) (0.0126) (0.0126) (0.0120) (0.0121) (0.0129)

Age -0.000350*** -0.000357*** -0.000342*** -0.000315*** -0.000356*** -0.000358***
(6.30e-05) (6.22e-05) (6.27e-05) (5.79e-05) (6.14e-05) (6.53e-05)

Employees (log) 0.0202*** 0.0203*** 0.0205*** 0.0195*** 0.0208*** 0.0211***
(0.00287) (0.00287) (0.00287) (0.00272) (0.00274) (0.00290)

Digital 0.175*** 0.119*** 0.195*** 0.158*** 0.0668 0.0167***
Technologies (0.0454) (0.0364) (0.0327) (0.0455) (0.0494) (0.00347)

Observations 470,813 474,425 476,635 476,480 467,091 443,077
R-squared 0.059 0.059 0.060 0.057 0.058 0.059
Note: This table reports the estimates of the baseline equation where firm-level multifactor productivity growth is re-
gressed on growth of the top 5 percent frontier firms in each sector-year cell, the firm’s gap to this frontier, age and size
(measured by the number of employees), and the average country-sector level adoption rates of individual digital tech-
nologies. The last column shows results for the 1st principal component of the five technologies. Firms at the sector-year
frontier are excluded from the regressions. All regressions include sector and country-year fixed effects and are clustered at
the country-sector level. Regressions are based on firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82)
over the period 2014-15 for firms with more than 10 employees. Unweighted averages of each digital technology variable
are used over the period 2014-15. ***, ** and * represent p < 0.01, p < 0.05 and p < 0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive
database.
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Table B2: Robustness to endogeneity concerns

Dependent variable: MFP growth. Digital technology: ERP software

Lagged adop-
tion rate

Initial (2010)
adoption rate

Lagged adop-
tion rate (by
prod. quartile)

Initial adoption
rate (by prod.
quartile)

Frontier growth 0.118** 0.124*** 0.109** 0.110***
(0.0500) (0.0352) (0.0495) (0.0351)

Gap to frontier (lagged) 0.0931*** 0.0990*** 0.0723*** 0.0725***
(0.00508) (0.0116) (0.00871) (0.0191)

Age -0.000341*** -0.000335*** -0.000324*** -0.000324***
(3.29e-05) (5.88e-05) (3.04e-05) (5.13e-05)

Employees (log) 0.0170*** 0.0199*** 0.0180*** 0.0179***
(0.00119) (0.00261) (0.000908) (0.00171)

ERP 0.0410** 0.0479**
(0.0197) (0.0228)

Quartile 2 (dummy) -0.0608*** -0.0585***
(0.00630) (0.0126)

Quartile 3 (dummy) -0.0659*** -0.0627***
(0.00930) (0.0192)

Quartile 4 (dummy) -0.0799*** -0.0744***
(0.0133) (0.0281)

ERP (Quartile 1) -0.0424* -0.0330
(0.0248) (0.0305)

ERP (Quartile 2) 0.0438** 0.0574**
(0.0214) (0.0232)

ERP (Quartile 3) 0.0529*** 0.0644**
(0.0205) (0.0251)

ERP (Quartile 4) 0.0698*** 0.0746***
(0.0200) (0.0265)

Observations 1,182,855 1,226,046 1,182,855 1,184,608
R-squared 0.055 0.058 0.058 0.057
Note: This table reports estimates of the baseline equation where firm-level multifactor productivity growth
is regressed on growth of the top 5 percent frontier firms in each sector-year cell, the firm’s gap to this frontier,
age and size (measured by the number of employees) and a digital adoption variable. The adoption variable
in this table always relates to ERP software (time variation not being available for the other variables in
the sample). Results are presented for the the adoption rate lagged by one year (column 1) and the initial
adoption rate in the sample (year 2010, column 2). In the last two columns, the digital adoption variable
is interacted with a dummy for each productivity quartile, as in Table 6. All regressions include sector
and country-year fixed effects and are clustered at the country-sector level (except columns 1 and 3, which
are clustered at the country-industry-year level since the digital variable varies at this level in these cases).
Firms at the sector-year frontier are excluded from the regressions. Regressions are based on firm-level data
from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period 2010-15 for firms with more than 10
employees. ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, com-
prehensive database.

INTERNATIONAL PRODUCTIVITY MONITOR 7



Table B3: Replacing routine intensity with knowledge intensity

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.222*** 0.212*** 0.218*** 0.213*** 0.230*** 0.235***
(0.0382) (0.0374) (0.0379) (0.0373) (0.0381) (0.0392)

Gap to frontier (lagged) 0.104*** 0.104*** 0.105*** 0.104*** 0.107*** 0.108***
(0.0118) (0.0114) (0.0117) (0.0115) (0.0118) (0.0127)

Age -0.000304*** -0.000306*** -0.000295*** -0.000303*** -0.000372*** -0.000373***
(5.89e-05) (5.49e-05) (5.86e-05) (5.63e-05) (5.75e-05) (6.24e-05)

Employees (log) 0.0216*** 0.0216*** 0.0221*** 0.0218*** 0.0233*** 0.0235***
(0.00275) (0.00267) (0.00274) (0.00269) (0.00277) (0.00297)

Digital technology 0.114* 0.121* 0.282*** 0.202*** 0.113 0.0309***
(0.0642) (0.0719) (0.0625) (0.0708) (0.134) (0.00633)

Digital technology 0.0476 -0.0554 -0.234* -0.232** -0.121 -0.0263***
# knowledge intensity (0.0920) (0.144) (0.129) (0.109) (0.199) (0.00892)

Observations 1,453,519 1,503,462 1,485,781 1,505,867 1,435,145 1,348,670
R-squared 0.062 0.062 0.063 0.062 0.064 0.064
Note: This table reports estimates of the baseline equation augmented with an interaction between digital technologies and
knowledge intensity, defined as the share of labour compensation of personnel with tertiary education (see Annex A). All regressions
include sector and country-year fixed effects and are clustered at the country-sector level. The last column shows results for the 1st
principal component of the five technologies. Firms at the sector-year frontier are excluded from the regressions. Regressions are
based on firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period 2010-15 for firms with more than
10 employees. To maximise coverage, unweighted averages of each digital technology variable are used over the period 2010-15 and
routine intensity refers to the average over the period 2010-15. ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database.
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Table B4: Assessing the effects of skill shortages and routine intensity simultaneously

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.162*** 0.133*** 0.147*** 0.142*** 0.138*** 0.150***
(0.0377) (0.0385) (0.0380) (0.0382) (0.0381) (0.0382)

Gap to frontier
(lagged)

0.107*** 0.105*** 0.107*** 0.106*** 0.106*** 0.107***

(0.0137) (0.0131) (0.0134) (0.0131) (0.0130) (0.0141)
Age -0.000391*** -0.000394*** -0.000395*** -0.000394*** -0.000404*** -0.000404***

(6.31e-05) (6.21e-05) (6.33e-05) (6.17e-05) (6.26e-05) (6.79e-05)
Employees (log) 0.0230*** 0.0227*** 0.0234*** 0.0228*** 0.0229*** 0.0233***

(0.00312) (0.00298) (0.00308) (0.00299) (0.00297) (0.00321)
Occupational
shortage

-0.0372*** -0.0234 -0.0247** -0.0223 -0.0215 -0.0269**

(0.0130) (0.0148) (0.0117) (0.0142) (0.0145) (0.0126)
Digital technology 0.147*** 0.0310 0.207*** 0.118** 0.0487 0.0216***

(0.0491) (0.0501) (0.0429) (0.0507) (0.0848) (0.00478)
Occupational
shortage X digital
technology

-0.306*** -0.110 -0.228** 0.00283 -0.158 -0.0129**

(0.0861) (0.111) (0.0940) (0.0663) (0.0995) (0.00537)
Routine intensity x
digital technology

-0.130* 0.334*** 0.369*** 0.198** 0.0397 0.0199**

(0.0706) (0.102) (0.114) (0.0855) (0.154) (0.00780)

Observations 1,090,287 1,125,495 1,112,295 1,133,648 1,134,856 1,065,403
R-squared 0.063 0.062 0.063 0.063 0.062 0.063
Note: This table reports the estimates of the baseline equation where firm-level multifactor productivity growth is regressed
on growth of the top 5 percent frontier firms in each sector-year cell, the firm’s gap to this frontier, age and size (measured by
the number of employees), average country-sector level adoption rates of individual digital technologies, an index capturing
sector-level general occupational shortages, their interaction with the digital adoption variable, and an interaction between
digital technology and routine intensity. All regressions include sector and country-year fixed effects and are clustered at
the country-sector level. The last column shows results for the 1st principal component of the five technologies. Firms at
the sector-year frontier are excluded from the regressions. Regressions are based on firm-level data from 20 countries and
22 sectors (NACE Rev 2, 10-82) over the period 2011-15 for firms with more than 10 employees. To maximise coverage,
unweighted averages of each digital technology variable are used over the period 2010-15. ***, ** and * represent p<0.01,
p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database
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Table B5: Baseline estimates controlling for additional variables

Panel A: controlling for intangible capital

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.220*** 0.211*** 0.218*** 0.214*** 0.231*** 0.238***
(0.0384) (0.0373) (0.0378) (0.0377) (0.0383) (0.0394)

Gap to frontier 0.103*** 0.103*** 0.104*** 0.103*** 0.107*** 0.107***
(lagged) (0.0131) (0.0127) (0.0129) (0.0127) (0.0132) (0.0140)

Age -0.000292*** -0.000292*** -0.000279*** -0.000291*** -0.000358*** -0.000358***
(6.21e-05) (5.83e-05) (6.11e-05) (5.98e-05) (6.12e-05) (6.63e-05)

Employees (log) 0.0198*** 0.0198*** 0.0201*** 0.0198*** 0.0218*** 0.0221***
(0.00289) (0.00279) (0.00285) (0.00281) (0.00288) (0.00307)

Digital technology 0.139*** 0.111*** 0.172*** 0.0795* 0.0404 0.0161***
(0.0342) (0.0371) (0.0349) (0.0427) (0.0542) (0.00382)

Intangible capital 0.00159*** 0.00155*** 0.00154*** 0.00165*** 0.00148*** 0.00136***
stock (log) (0.000413) (0.000402) (0.000404) (0.000404) (0.000437) (0.000457)

Observations 1,229,670 1,269,595 1,255,462 1,270,278 1,203,570 1,136,071
R-squared 0.062 0.062 0.062 0.062 0.064 0.064

Panel B: controlling for capital expenditures

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.201*** 0.195*** 0.201*** 0.198*** 0.216*** 0.219***
(0.0433) (0.0420) (0.0424) (0.0426) (0.0430) (0.0441)

Gap to frontier 0.102*** 0.102*** 0.103*** 0.102*** 0.106*** 0.106***
(lagged) (0.0138) (0.0135) (0.0138) (0.0135) (0.0139) (0.0147)

Age -0.000399*** -0.000392*** -0.000383*** -0.000395*** -0.000494*** -0.000495***
(7.94e-05) (7.55e-05) (7.83e-05) (7.71e-05) (8.20e-05) (8.79e-05)

Employees (log) 0.0183*** 0.0181*** 0.0186*** 0.0181*** 0.0198*** 0.0200***
(0.00269) (0.00261) (0.00267) (0.00264) (0.00270) (0.00284)

Capital 0.00207*** 0.00220*** 0.00214*** 0.00226*** 0.00240*** 0.00225***
expenditures (log) (0.000651) (0.000632) (0.000638) (0.000641) (0.000679) (0.000698)

Digital technology 0.137*** 0.110*** 0.182*** 0.0638 0.0137 0.0149***
(0.0392) (0.0401) (0.0359) (0.0473) (0.0651) (0.00404)

Observations 512,728 528,586 523,247 528,936 497,239 470,143
R-squared 0.065 0.065 0.066 0.065 0.068 0.068

Panel C: controlling for omitted variables bias

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.169*** 0.152*** 0.161*** 0.161*** 0.163*** 0.171***
(0.0436) (0.0432) (0.0430) (0.0436) (0.0437) (0.0444)

Gap to frontier 0.102*** 0.102*** 0.103*** 0.102*** 0.103*** 0.103***
(lagged) (0.0166) (0.0162) (0.0166) (0.0162) (0.0162) (0.0171)

Age -0.000492*** -0.000473*** -0.000479*** -0.000482*** -0.000501*** -0.000502***
(9.56e-05) (9.35e-05) (9.53e-05) (9.27e-05) (9.44e-05) (0.000101)

Employees (log) 0.0213*** 0.0210*** 0.0216*** 0.0211*** 0.0217*** 0.0216***
(0.00329) (0.00325) (0.00335) (0.00325) (0.00322) (0.00341)

Regulatory impact 0.0114 0.0132 0.0303 0.0471 0.0224 0.0397
(0.0454) (0.0485) (0.0424) (0.0530) (0.0503) (0.0484)

Occupational -0.0353*** -0.0311** -0.0266** -0.0344** -0.0318** -0.0333**
shortage (0.0132) (0.0136) (0.0127) (0.0138) (0.0143) (0.0132)

Capex (log) 0.00164** 0.00175** 0.00167** 0.00178** 0.00176** 0.00170**
(0.000767) (0.000748) (0.000756) (0.000751) (0.000754) (0.000785)

Digital Technology 0.164*** 0.0695 0.214*** 0.0861* -0.0458 0.0162***
(0.0533) (0.0508) (0.0510) (0.0487) (0.0848) (0.00494)

Observations 343,890 352,794 348,719 355,672 354,379 335,739
R-squared 0.067 0.067 0.068 0.067 0.067 0.067
Note: These tables report estimates of the baseline equation where firm-level multifactor productivity growth is regressed on growth
of the top 5 percent frontier firms in each sector-year cell, the firm’s gap to this frontier, age and size (measured by the number
of employees), augmented with the firm-level stock of intangible capital (Panel A), firm-level capital expenditures (Panel B), or
a set of control variable accounting for the potential omitted variables bias (i.e. impact of regulatory barriers to competition,
firm-level capital expenditures, and occupational shortages). The indicator of regulatory impact quantifies the potential costs of
anti-competitive regulations in non-manufacturing sectors on all industries the United States that use the output of these sectors
as intermediate inputs (see Égert and Wanner, 2016). The 1st principal component is based on the five technologies of column 1-5.
Firms at the sector-year frontier are excluded from the regressions. Regressions are based on firm-level data from 20 countries and
22 sectors (NACE Rev 2, 10-82) over the period 2010-15 for firms with more than 10 employees. To maximise coverage, unweighted
averages of each digital technology variable are used over the period 2010-15. ***, ** and * represent p<0.01, p<0.05 and p<0.1
respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database and
the OECD Indicators of Product Market Regulations.
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Table B6: Digital technology productivity benefits are diminished by technical and
managerial skill shortages

Panel A: Testing for the effect of different skill shortages on the returns from high speed broadband

Dependent variable: MFP
growth

Resource Man-
agement Skills

Management
of Personnel
Resources

Computers and
Electronics

Technical Skills

Frontier growth 0.159*** 0.160*** 0.155*** 0.152***
(0.0372) (0.0373) (0.0368) (0.0369)

Gap to frontier (lagged) 0.105*** 0.105*** 0.105*** 0.105***
(0.0133) (0.0133) (0.0132) (0.0132)

Age -0.000392*** -0.000392*** -0.000393*** -0.000394***
(6.31e-05) (6.31e-05) (6.32e-05) (6.30e-05)

Employees (log) 0.0227*** 0.0227*** 0.0227*** 0.0227***
(0.00303) (0.00303) (0.00303) (0.00301)

High-speed broadband 0.164*** 0.164*** 0.149*** 0.151***
(0.0435) (0.0429) (0.0446) (0.0443)

Skill shortage -0.273*** -0.227*** -0.197*** -0.339***
(0.0724) (0.0597) (0.0539) (0.124)

Skill shortage -1.020** -0.898** -0.705** -2.236***
# High-speed broadband (0.435) (0.371) (0.318) (0.645)

Observations 1,106,487 1,106,487 1,106,487 1,106,487
R-squared 0.062 0.062 0.062 0.062

Panel B: The role of knowledge about computers and electronics for productivity returns

Dependent variable: MFP
growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Manage-
ment

Cloud Com-
puting

Cloud Com-
puting
(complex)

1st principal
component

Frontier growth 0.155*** 0.134*** 0.145*** 0.142*** 0.142*** 0.152***
(0.0368) (0.0374) (0.0369) (0.0376) (0.0374) (0.0374)

Gap to frontier (lagged) 0.105*** 0.104*** 0.106*** 0.105*** 0.105*** 0.106***
(0.0132) (0.0126) (0.0130) (0.0126) (0.0126) (0.0135)

Age -0.0003*** -0.0003*** -0.0003*** -0.0003*** -0.0004*** -0.0004***
(6.32e-05) (6.16e-05) (6.27e-05) (6.12e-05) (6.15e-05) (6.69e-05)

Employees (log) 0.0227*** 0.0224*** 0.0230*** 0.0226*** 0.0229*** 0.0231***
(0.00303) (0.00289) (0.00298) (0.00289) (0.00290) (0.00310)

Digital Technology 0.149*** 0.0584 0.195*** 0.103** 0.0252 0.0166***
(0.0446) (0.0438) (0.0406) (0.0436) (0.0668) (0.00419)

Computers and electronics -0.197*** -0.180*** -0.164*** -0.186*** -0.169*** -0.176***
skill shortage (0.0539) (0.0581) (0.0508) (0.0656) (0.0635) (0.0611)

Computers and electronics -0.705** 0.141 -0.689* 0.0250 -0.287 -0.0363**
skill shortage (0.318) (0.360) (0.352) (0.202) (0.244) (0.0163)
# Digital Technology

Observations 1,106,487 1,142,249 1,128,495 1,149,976 1,151,662 1,080,849
R-squared 0.062 0.062 0.062 0.062 0.062 0.062
Note: These tables reports the estimates of the baseline equation where firm-level multifactor productivity growth is regressed
on growth of the top 5 percent frontier firms in each sector-year cell, the firm’s gap to this frontier, age and size (measured
by the number of employees), average country-sector level adoption rates of individual digital technologies, an index capturing
sector-level skill shortages, and their effect on the productivity returns from digitalisation. Resource management skills refer the
ability to allocate resources efficiently; management of personnel resources identifies how well managers motivate, develop and
direct people as they work, and identify the best people for each job; computer and electronics refers to the knowledge of circuit
boards, processors, chips, electronic equipment, computer hardware and software, including application and programming; and
technical skills are associated with worker’s capacity to design, set-up, operate and correct malfunctions, involving application
of machines or technological systems (see OECD (2018), for more information). Firms at the sector-year frontier are excluded
from the regressions. Regressions are based on firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the
period 2011-15 for firms with more than 10 employees. To maximise coverage, unweighted averages of each digital technology
variable are used over the period 2010-15. ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database.
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Table B7: Interacting lagged gap with digital technologies

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.222*** 0.211*** 0.215*** 0.215*** 0.229*** 0.235***
(0.0382) (0.0375) (0.0382) (0.0372) (0.0381) (0.0394)

Gap to frontier 0.104*** 0.103*** 0.103*** 0.106*** 0.107*** 0.108***
(lagged) (0.0114) (0.0111) (0.0113) (0.00992) (0.0116) (0.0120)

Age -0.000301*** -0.000308*** -0.000289*** -0.000294*** -0.000366*** -0.000355***
(6.42e-05) (5.45e-05) (5.59e-05) (5.42e-05) (5.57e-05) (5.94e-05)

Employees (log) 0.0216*** 0.0214*** 0.0219*** 0.0222*** 0.0234*** 0.0235***
(0.00273) (0.00262) (0.00268) (0.00246) (0.00272) (0.00288)

Digital technology 0.149*** 0.0761* 0.157*** 0.0757* 0.0155 0.0139***
(0.0425) (0.0416) (0.0361) (0.0434) (0.0593) (0.00394)

Digital technology -0.0192 -0.0827** -0.0933** -0.0853 -0.0816 -0.00763**
# Lagged gap (0.0494) (0.0378) (0.0393) (0.0523) (0.0652) (0.00323)

Observations 1,453,519 1,503,462 1,485,781 1,505,867 1,435,145 1,348,670
R-squared 0.062 0.063 0.064 0.063 0.064 0.065
Note: This table shows the results of the baseline equation where firm-level multifactor productivity growth is regressed
on growth of the top 5 percent frontier firms in each sector-year cell, the firm’s gap to this frontier, age and size (measured
by the number of employees), augmented by an interaction term between digital technologies and the lagged gap to the
frontier. All regressions include sector and country-year fixed effects and are clustered at the country-sector level. The 1st

principal component refers to the five technologies of column 1-5. Firms at the sector-year frontier are excluded from the
regressions. Regressions are based on firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period
2010-15 for firms with more than 10 employees. To maximise coverage, unweighted averages of each digital technology
variable are used over the period 2010-15. ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database.
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Table B8: By productivity quartile without gap

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.174*** 0.164*** 0.170*** 0.168*** 0.181*** 0.186***
(0.0367) (0.0358) (0.0363) (0.0363) (0.0372) (0.0384)

Age -0.000309*** -0.000326*** -0.000312*** -0.000323*** -0.000398*** -0.000388***
(4.75e-05) (4.72e-05) (4.75e-05) (4.73e-05) (4.75e-05) (5.02e-05)

Employees (log) 0.0178*** 0.0176*** 0.0180*** 0.0177*** 0.0188*** 0.0192***
(0.00141) (0.00136) (0.00138) (0.00140) (0.00147) (0.00154)

Quartile 2 -0.110*** -0.115*** -0.108*** -0.0767*** -0.0827*** -0.0879***
(dummy) (0.00934) (0.00779) (0.00887) (0.00682) (0.00650) (0.00492)

Quartile 3 -0.143*** -0.144*** -0.142*** -0.109*** -0.116*** -0.123***
(dummy) (0.0113) (0.0106) (0.0114) (0.00819) (0.00786) (0.00610)

Quartile 4 -0.207*** -0.210*** -0.208*** -0.170*** -0.178*** -0.186***
(dummy) (0.0139) (0.0143) (0.0153) (0.0111) (0.0105) (0.00803)

Digital (Quartile 1) 0.0694** -0.0275 0.0780* 0.146*** 0.108 0.00981**
(0.0300) (0.0412) (0.0410) (0.0531) (0.0681) (0.00387)

Digital (Quartile 2) 0.155*** 0.0699* 0.154*** 0.102** 0.0709 0.0142***
(0.0305) (0.0366) (0.0316) (0.0427) (0.0585) (0.00354)

Digital (Quartile 3) 0.155*** 0.0559 0.152*** 0.0962** 0.0673 0.0136***
(0.0323) (0.0347) (0.0282) (0.0396) (0.0538) (0.00311)

Digital (Quartile 4) 0.161*** 0.0701** 0.165*** 0.0914** 0.0593 0.0140***
(0.0358) (0.0336) (0.0297) (0.0401) (0.0507) (0.00314)

Observations 1,419,356 1,468,278 1,450,888 1,470,164 1,398,222 1,313,619
R-squared 0.057 0.056 0.057 0.056 0.056 0.057
Note: This table shows the results of the equation where firm-level multifactor productivity growth is regressed on
growth of the top 5 percent frontier firms in each sector-year cell, age and size (measured by the number of employees),
a dummy for each productivity quartile (omitting the first quartile for reference), and the interaction between digital
technology adoption rates and each productivity quartile. Compared with the baseline equation the gap to the frontier
is omitted from this regression. Quartile 1 refers to the bottom of the distribution (i.e. low productive firms), quartile 4
to the top. All regressions include sector and country-year fixed effects and are clustered at the country-sector level. The
coefficient estimates of quartile 1 and 4 are always statistically different. The 1st principal component refers to the five
technologies of column 1-5. Firms at the sector-year frontier are excluded from the regressions. Regressions are based on
firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period 2010-15 for firms with more than
10 employees. To maximise coverage, unweighted averages of each digital technology variable are used over the period
2010-15. ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive
database.
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Table B9: The effects of digital adoption on productivity by size group

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.222*** 0.211*** 0.218*** 0.215*** 0.229*** 0.236***
(0.0383) (0.0373) (0.0378) (0.0376) (0.0381) (0.0393)

Gap to frontier 0.103*** 0.103*** 0.104*** 0.103*** 0.106*** 0.107***
(lagged) (0.0116) (0.0112) (0.0115) (0.0112) (0.0116) (0.0124)

Age -0.000283*** -0.000288*** -0.000269*** -0.000281*** -0.000348*** -0.000346***
(5.89e-05) (5.57e-05) (5.82e-05) (5.71e-05) (5.79e-05) (6.30e-05)

Size class 2 0.0157*** 0.0133*** 0.0159*** 0.0206*** 0.0212*** 0.0186***
(dummy) (0.00343) (0.00424) (0.00398) (0.00349) (0.00316) (0.00275)

Size class 3 0.0490*** 0.0318*** 0.0451*** 0.0516*** 0.0558*** 0.0486***
(dummy) (0.00727) (0.00776) (0.00800) (0.00696) (0.00656) (0.00576)

Size class 4 0.0756*** 0.0517*** 0.0735*** 0.0844*** 0.0836*** 0.0716***
(dummy) (0.00920) (0.00831) (0.00925) (0.00927) (0.00816) (0.00724)

Digital 0.142*** 0.0753* 0.184*** 0.110** 0.0906 0.0172***
(Size class 1) (0.0343) (0.0425) (0.0365) (0.0463) (0.0600) (0.00409)

Digital 0.149*** 0.0909** 0.191*** 0.0974** 0.0658 0.0169***
(Size class 2) (0.0347) (0.0411) (0.0347) (0.0444) (0.0559) (0.00392)

Digital 0.128*** 0.121*** 0.188*** 0.0842* 0.0191 0.0156***
(Size class 3) (0.0359) (0.0370) (0.0351) (0.0447) (0.0572) (0.00387)

Digital 0.113*** 0.128*** 0.167*** 0.0349 -0.0278 0.0126***
(Size class 4) (0.0385) (0.0375) (0.0360) (0.0439) (0.0565) (0.00382)

Observations 1,453,519 1,503,462 1,485,781 1,505,867 1,435,145 1,348,670
R-squared 0.062 0.062 0.063 0.062 0.064 0.064
Note: This table shows the results of the equation where firm-level multifactor productivity growth is regressed on
growth of the top 5 percent frontier firms in each sector-year cell, age and size (measured by the number of employees),
a dummy for each size group (omitting the first group for reference), and the interaction between digital technology
adoption rates and each size group. All regressions include sector and country-year fixed effects and are clustered at
the country-sector level. Compared with the baseline equation the gap to the frontier is omitted from this regression.
Size group 1 captures firms with 10-20 employees, size group 2 firms from 21-50 employees, size group 3 firms with
51-250 employees, and size group 4 capture very large firms with more than 250 employees. In all cases, the coefficient
estimates of size group 1 and 4 are statistically different. The 1st principal component refers to the five technologies of
column 1-5. Firms at the sector-year frontier are excluded from the regressions. Regressions are based on firm-level data
from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period 2010-15 for firms with more than 10 employees.
To maximise coverage, unweighted averages of each digital technology variable are used over the period 2010-15. ***,
** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive
database.
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Table B10: The effects of digital adoption on productivity by productivity quartile and size group

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.220*** 0.205*** 0.213*** 0.210*** 0.224*** 0.231***
(0.0391) (0.0393) (0.0400) (0.0402) (0.0404) (0.0409)

Gap to frontier (lagged) 0.0985*** 0.102*** 0.102*** 0.102*** 0.107*** 0.104***
(0.0253) (0.0251) (0.0252) (0.0248) (0.0263) (0.0270)

Age -0.000503*** -0.000554*** -0.000518*** -0.000541*** -0.000684*** -0.000666***
(9.24e-05) (8.72e-05) (8.91e-05) (9.02e-05) (9.46e-05) (0.000101)

Employees (log) 0.00851*** 0.00813*** 0.00849*** 0.00829*** 0.0107*** 0.0105***
(0.00281) (0.00266) (0.00279) (0.00280) (0.00308) (0.00312)

Dummy -0.0650* -0.0724* -0.0817** -0.0221 -0.0241 -0.0245
(High productive; Small) (0.0352) (0.0388) (0.0389) (0.0367) (0.0367) (0.0363)

Dummy 0.113*** 0.0720*** 0.109*** 0.122*** 0.119*** 0.0852***
(Low productive; Large) (0.0148) (0.0174) (0.0154) (0.0122) (0.0116) (0.00720)

Dummy -0.00980 -0.0287 -0.0156 0.0227 0.0213 0.0139
(High productive; Large) (0.0337) (0.0345) (0.0366) (0.0361) (0.0364) (0.0358)

Digital technology 0.126*** 0.0236 0.0965** 0.0277 0.0165 0.00789
(Low productive; Small) (0.0339) (0.0514) (0.0456) (0.0758) (0.0793) (0.00490)

Digital technology 0.279*** 0.205*** 0.299*** 0.0350 0.0898 0.0193***
(High productive; Small) (0.0673) (0.0573) (0.0522) (0.0624) (0.0658) (0.00468)

Digital technology 0.0352 0.0706 0.0110 -0.134 -0.316** -0.00413
(Low productive; Large) (0.0501) (0.0811) (0.0719) (0.0985) (0.137) (0.00639)

Digital technology 0.216*** 0.185*** 0.210*** 0.00977 -0.00122 0.0137***
(High productive; Large) (0.0553) (0.0455) (0.0440) (0.0565) (0.0598) (0.00448)

Observations 292,650 307,626 301,775 309,532 297,656 272,312
R-squared 0.083 0.084 0.084 0.082 0.084 0.085
Note: This table shows the results of the equation where firm-level multifactor productivity growth is regressed on growth of
the top 5 percent frontier firms in each sector-year cell, age and size (measured by the number of employees), a dummy for
each four different size/productivity groups ( low productive and small; high productive and small; low productive and large;
high productive and large),omitting the first group for reference, and the interaction between digital technology adoption rates
and each group. All regressions include sector and country-year fixed effects and are clustered at the country-sector level. The
1st principal component refers to the five technologies of column 1-5. Firms at the sector-year frontier are excluded from the
regressions. Regressions are based on firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period
2010-15 for firms with more than 10 employees. To maximise coverage, unweighted averages of each digital technology variable
are used over the period 2010-15. ***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database.
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Table B11: Skill shortages disproportionately curb the returns from digitalisation in low productive
firms

Dependent variable: MFP growth

High-speed
broadband

Enterprise
Resource
Planning

Customer
Relationship
Management

Cloud Com-
puting

Cloud Com-
puting (com-
plex)

1st principal
component

Frontier growth 0.136*** 0.115*** 0.125*** 0.117*** 0.119*** 0.125***
(0.0366) (0.0372) (0.0366) (0.0370) (0.0371) (0.0385)

Gap to frontier (lagged) 0.0777*** 0.0777*** 0.0788*** 0.0788*** 0.0795*** 0.0770***
(0.0217) (0.0206) (0.0212) (0.0209) (0.0211) (0.0216)

Age -0.000355*** -0.000374*** -0.000366*** -0.000371*** -0.000387*** -0.000386***
(5.09e-05) (5.12e-05) (5.09e-05) (4.98e-05) (5.08e-05) (5.50e-05)

Employees (log) 0.0207*** 0.0200*** 0.0208*** 0.0201*** 0.0205*** 0.0212***
(0.00194) (0.00186) (0.00190) (0.00183) (0.00191) (0.00203)

Digital (Quartile 1) 0.0969*** -0.0717 0.121** 0.168** 0.140 0.00602
(0.0364) (0.0519) (0.0537) (0.0695) (0.108) (0.00515)

Digital (Quartile 2) 0.208*** 0.0470 0.201*** 0.0839* 0.0336 0.0144***
(0.0375) (0.0448) (0.0373) (0.0464) (0.0696) (0.00407)

Digital (Quartile 3) 0.208*** 0.0433 0.204*** 0.0804* 0.0247 0.0157***
(0.0425) (0.0441) (0.0377) (0.0440) (0.0660) (0.00391)

Digital (Quartile 4) 0.239*** 0.0648 0.234*** 0.0961** 0.0519 0.0180***
(0.0534) (0.0431) (0.0430) (0.0471) (0.0724) (0.00432)

Digital (Quartile 1) -0.269*** -0.153* -0.213** -0.307*** -0.581** -0.00877
X Occupation shortage (0.0730) (0.0870) (0.0912) (0.116) (0.244) (0.0141)

Digital (Quartile 2) -0.215*** -0.174*** -0.187*** -0.155*** -0.334*** -0.0210**
X Occupation shortage (0.0401) (0.0424) (0.0356) (0.0443) (0.0890) (0.00815)

Digital (Quartile 3) -0.102** -0.0461 -0.0451 -0.0327 -0.116 -0.0177***
X Occupation shortage (0.0404) (0.0494) (0.0481) (0.0587) (0.105) (0.00660)

Digital (Quartile 4) 0.0854 0.0933 0.122* 0.142* 0.239 -0.0160
X Occupation shortage (0.0535) (0.0674) (0.0682) (0.0794) (0.146) (0.0120)

Observations 1,067,412 1,102,176 1,088,798 1,109,472 1,110,981 1,042,252
R-squared 0.063 0.062 0.062 0.061 0.061 0.061
Note: This table shows the results of the equation where firm-level multifactor productivity growth is regressed on growth of
the top 5 percent frontier firms in each sector-year cell, age and size (measured by the number of employees), an interaction
between each productivity quartile and digital technologies, and the interaction between the latter and occupational shortages.
Quartile 1 refers to the bottom of the distribution (i.e. low productive firms), quartile 4 to the top. All regressions include
sector and country-year fixed effects and are clustered at the country-sector level. The 1st principal component refers to the
five technologies of column 1-5. Firms at the sector-year frontier are excluded from the regressions. Regressions are based on
firm-level data from 20 countries and 22 sectors (NACE Rev 2, 10-82) over the period 2010-15 for firms with more than 10
employees. To maximise coverage, unweighted averages of each digital technology variable are used over the period 2010-15.
***, ** and * represent p<0.01, p<0.05 and p<0.1 respectively.
Source: OECD calculations based on ORBIS and Eurostat, Digital Economy and Society Statistics, comprehensive database.
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