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Abstract

Research background:The paper presents the issue of total factor mtddty in the manufac-
turing industry in Poland. It has been assumed tttat factor productivity (TFP) is a synthetic
measure of efficiency of the production processanaeasure of the impact of technical progress
on the rate of economic growth.

Purpose of the article: The main aim of the paper is to assess the diffexteoon in the level of
total factor productivity (TFP) occurring among tBection C manufacturing divisions in Poland.
In particular, the paper raises the issue of méaguand analysing the relationship between
expenditure on research and development and tre &§VTFP in manufacturing divisions in
Poland.

Methods: In the presented research, the TFP level wasrdited by using the two-factor Cobb-
Douglas production function, while econometric damedels were used to assess the studied
relationship.

Findings & Value added: The presented considerations show that manufagtuivisions in
Poland are diversified in terms of total factor quotivity. Generally, manufacturing divisions
with high R&D intensity, i.e. divisions classified so-called high-tech ones, are characterised by
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a high TFP level. The econometric analysis caroedallows us to conclude that expenditure on
R&D incurred in manufacturing enterprises signifitig affects the level of TFP.

Introduction

The results of the global crisis affected Poland tauch lesser extent than
other countries of Central and Eastern Europe. &ltttbugh, as in all of
Europe, the economic growth rate in Poland dectkabe effects of the
recession were less significant than in HungartherBaltic states. Emerg-
ing unscathed from the crisis was largely the tesiuhot allowing a huge
increase in credit at the expense of foreign dBi. maintenance of a sta-
ble economic situation in Poland expressed by arease in the value of
GDP in the entire 2008—-2017 period was also reftbah changes in total
factor productivity. Only a few years ago, the Rafitates were the leaders
in TFP growth. Prior to the global crisis, theyamted very rapid economic
growth, which was difficult to explain by changeslabour and physical
capital, which is why it was attributed to TFP. &ual’'s position, though
moderate, was not as good as that of the Baltiestd he results of the
latest research covering the aforementioned timezdmo indicate signifi-
cant changes in the rankings of individual coustriend definitely show
Poland’s favourable position, with the relativeateiration of the situation
of the Baltic states.

The recognition of total factor productivity (TFB)owth as one of the
most important sources of economic growth has tedhe situation in
which a rise in TFP has become a nationwide goslaAesult, TFP has
been growing in popularity as the subject of irged economic theorists
as well as economic practitioners, and has arisemreasing inquisitiveness
of researchers (Griliches & Mairesse, 1984; FldkczaNelfe, 2001; Asca-
ri & Di Cosmo, 2004; Meister & Verspagen, 2004; INisure, 2004;
Crispolti & Marconi, 2005; Roszko-Wajtowicz al, 2018). The efficiency
of production processes identified with the effeatdroadly understood
technical progress is reflected in the changesftal factor productivity
(TFP). Therefore, an increase in TFP makes it plessd assess the effi-
ciency of the production process resulting fronhtecal progress.

The literature, comprising quite numerous publmadi regarding re-
search on TFP, focuses most often on assessinghigmenon on a mac-
roeconomic scale, and it concerns less often seofathe economy under-
stood as divisions, groups or classes (in accoslavith the Statistical
Classification of Economic Activities in the EU —AE). Even less at-
tention is paid to identifying factors determinifigtP growth and, above
all, to quantifying this impact.

712



Equilibrium. Quarterly Journal of Economics and Boonic Policy 14(4), 711-737

In the paper, an attempt is made to fill the gapceoning analysis of to-
tal factor productivity at the level of manufachgidivisions in Poland
((list of manufacturing divisions covered by theabysis presents Table 1).

The main aim of the paper is to assess the diffetén in the level of
total factor productivity (TFP) occurring among tBection C manufactur-
ing divisions in Poland. In particular, the papaises the issue of measur-
ing and analysing the relationship between experalibn research and
development and the level of TFP in manufacturingibns in Poland.

Two research hypotheses were formulated for thpgagr of implementing
empirical proceedings.

H1: Manufacturing divisions in Poland are diversifiadterms of the level
of total factor productivity (TFP).

H2: R&D expenditure is an important determinant of TiRFmanufactur-
ing divisions in Poland.

The article is divided into introduction, five sadstively related parts
and conclusions. The first section is the Introaunctwhich sets out the
main aim of the paper and its research hypoth&dss.next section pro-
vides definitions of TFP (its essence is defined) presents selected stud-
ies on TFP. It was decided that the implementatibthe main aim, i.e.
TFP assessment at the level of manufacturing divgsin Poland, should
be preceded by the presentation of TFP changekeatnaicroeconomic
level (economy/country level). The results for Polaconcerning changes
in total factor productivity in the years 2008—2QGiré presented against the
background of the EU-11 group, i.e. the countries foined the EU at
a similar time as Poland. The subsequent sectibrtheopaper concern
directly manufacturing divisions. First, manufaatgris characterised, then
research methodology is described and empiricéficestion of TFP mod-
els is carried out at the level of manufacturingigions in Poland. The
conclusions drawn from the research complete tpermpa

Literature review on total factor productivity

Productivity growth is seen in the modern worldoa®e of the most im-
portant sources of economic growth, social progeeskimproving socie-
ty's standard of living. The widest definition ofgoluctivity states that it is
a measure of the efficiency of production expragéie number of product
units per one unit of input (Krugman, 1990; Eatw&llNewman, 1991;
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Yadav & Marwah, 2015). This measure is most ofteedufor capital and
labour (separately and jointly), and it shows hdfedively these factors
of production are transformed into the final pradaed where to look for
potential determinants of an increase in this fficy (Syverson, 2011).
Numerous studies have made an attempt to answéollibving questions:
to what extent does economic growth result fronnglea occurring within
measurable factors of production (capital, labamg to what extent does it
result from changes in the level of technology, suead by the rate of
growth of total factor productivity (TFP)? The cept of total factor
productivity was developed in the 1960s, origingtirom the research of
the neoclassical economist Solow (1956, 1957), athoned that part of
productivity growth could not be explained by thapital and labour input.
Using the macroeconomic function of production difterential calculus,
he showed how to split the economic growth rate &part resulting from
increased input of production factors and the redidalue, the so-called
Solow residual. It shows what proportion of ecoromiowth cannot be
attributed to specific factors. Thus, this valueliiles various factors, in-
cluding those not directly related to the accumartabf production factors
(Barro & Sala-i-Martin, 2003). It is, thereforengeasure of technical pro-
gress, i.e. TFP growth. In practice, determining tbsidual value, i.e. the
Solow residual, from the production function is tmest commonly used
TFP calculating method. However, because of itslues nature, total fac-
tor productivity remains difficult to assess, whigfakes it dependent on
changes in non-observable inputs as the dimengioapatal or labour.

In the following years, further publications in tfield of TFP appeared,
introducing new approaches and extensions of pusvétudies, containing
new elements of empirical analysis (Artige & Niowli2006; Caselli &
Coleman, 2006:Swieczewska, 2007; Tokarski, 2008: Helpman, 2004;
Danska-Borsiak, 2011; Florczak, 2011; Syverson, 20Aghion et al.,
2015; Préchniak, 2018). Most of the existing anedysise panel data in-
formation, pooling together data on TFP levels grath rates over sev-
eral years and countries. There are also papersiseainformation at the
sectoral/industry level, with the datasets (NidotScarpetta, 2003, 3005;
Griffith et al, 2004; Conwat al, 2006).

The literature indicates various factors that aceial for the growth of
TFP.

1. Knowledge and technology discussed, among otherSpiow (1957);

Romer (1990); Prescott (1998).

2. R&D activities (Guellec & van Pottelsberghe de @terie, 2001; Ulku,

2004, Bronzini & Piselli, 2009) including:
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a. patents e.g. Chen and Dahlman (2004)

b. knowledge creation e.g. Abdih and Joutz (2005).

3. The production and use of information and commuiwoaechnologies

(Jorgenson & Stiroh, 2000).

4. FDI together with transfer of technology describathong others, by

(Keller & Yeaple, 2003; Griffithet al, 2003).

5. Human capital quality (Romer, 1990; Barrett & O'Geil, 1999;

Fleisheret al, 2010).

6. The physical infrastructure (Bronzini & Piselli, @8 Fleisheret al,

2010).

7. Effective innovation system Chen and Dahlman (2004)

Results of numerous studies show that a long-tésmin total factor
productivity is based on innovations, and innovaioin turn, depend,
among others, on investments in research and dawelat (R&D) (Aghion
et al, 2015). They enhance companies’ innovative caypadaitl their ability
to gain and sustain a competitive advantage, toagributing directly to
the rate of TFP growth. Moreover, R&D improves apswe capacity of
companies and industries as well as facilitates ath@ption of existing
technologies, spurring TFP convergence. Total faatoductivity is there-
fore a useful measure of the impact of technicagp¥ss on the rate of
economic growth. In the opinion of many economigitl factor produc-
tivity has become a proper measure of differennesfficiency, as it can
explain why lower-TFP producers will obtain smalleutputs with the
same set of observable inputs than higher-TFP @a®rson, 2011).

TFP in Poland and selected CEE countries

Empirical research related to economic growth issi#eg. Klenow and
Rodriguez-Clare (1997), Easterly and Levine (20(Hg¢/pman (2010),
Hulten and Isaksson (2007) indicates that moshefdabserved differentia-
tion in countries’ GDP per capita is due to thdetégnce in TFP which
reflects changes in the efficiency of productiongasses taking place un-
der the influence of broadly understood technicagjpess.

The results of cyclical research carried out faresal years by Prochni-
ak (2018) are an important source of informationuttthanges in TFP in
Poland in comparison with selected EU countrieghinlatest edition, the
author analyses 11 countries of Central and Eagterope, i.e. the EU-11

1 Cohen and Levinthal (1990, p. 28) define absoeptiapacity asthe ability of the firm
to recognize the new value of new, external infeiona assimilate it, and apply it to com-
mercial ends.
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group (Poland, Bulgaria, Croatia, the Czech Repulfstonia, Lithuania,
Latvia, Romania, Slovakia, Slovenia and Hungarg)the period 2008—
2017. It turns out that in the period under revile highest TFP growth
rate was recorded by Poland, Romania, Slovakiagaia, and Lithuania.
Total factor productivity increased in the year©@82017 at an average
rate of 1.1% per year in Poland, 0.4% in Romani Sllovakia, and 0.2%
in Bulgaria and Lithuania. In other EU-11 countriestal factor produc-
tivity growth was negative (mainly due to negatieductivity growth
rates during the global crisis). Prochniak (20183 documented that over
the entire 10-year period, Slovenia recorded amagesdecline in TFP of
0.1%, the Czech Republic — 0.4%, Hungary and Latvi®.6%, Croatia
— 1.0%, and Estonia — 1.1% per year (Figure 1)

Analysing the above-presented information. it cambted that in 2017
there was a further acceleration of TFP growth odeskin the EU-11
group. The Baltic states and Poland were at thefrfmmt. Poland achieved
a TFP growth rate of 1.7% (the same as Hungaryyamked & (ex aequo
with Hungary). Higher total factor productivity guth rates comparable to
Poland’s rate were achieved by the Baltic statésRomania.

In their study based on a comprehensive data sty & al. (2006) in-
dicate that TFP growth contributes modestly toaherage performance of
output growth across all 145 countries they studidee study shows that
weighted-average TFP growth is only about 0.22%ypar, which is about
14% of growth of output per worker. Similar conétuss are provided in
the analysis carried out by Préchniak (2018). Basedtatistical data cov-
ering the period 2008-2017, a direct assessmeiitF&f contribution to
economic growth in CEE countries may be ambiguduss is due to,
among others, the fact that the positive TFP dynamuring the recession
period means a negative TFP contribution to ecoogmnowth, whereas
during a strong economic slowdown when the GDP traate is close to
0%, changes of total factor productivity of seveapakcent translate into
several thousand of TFP contributions to economoevth. It is worth not-
ing that, according to the conclusions of the thierendogenous growth,
sustainable economic growth should be expecteddriang run under the
influence of TFP. However, other factors also daire macroeconomic
management efficiency, which means that long-terawth is not a fore-
gone conclusion. Positive effects associated wiP €an be weakened or
even eliminated by deteriorating indicators of abalemographic or insti-
tutional development. Therefore, non-economic deteants should be
included in the analysis of economic growth deteanis in an equal
measure to strictly economic factors, which alssuits from theoretical
models of endogenous growth, e.g. (Aghion & Howlifi98).
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Nevertheless, it can be said that in the years 20087 TFP contribu-
tions to economic growth were in most CEE countféexluding the Czech
Republic and Bulgaria) at the level of 28-85% (lRroak, 2018). This
confirms the important role of TFP in the econogriowth of the analysed
countries in the years of their membership in tiieofean Union. In Po-
land, the TFP contribution to GDP growth averag@&d62in the years
2008-2017.

Reflections on the general economic situation ofEGEbuntries are
summarised in Table 2 presenting the dynamics dP Gjposs value added,
gross (fixed) capital formation, and total employitnehanges. The pre-
sented data show that GDP increased in all 11 desnh the years 2008—
2017. The largest average annual changes weredestor Estonia (4.1%)
and Bulgaria (3.7%), Hungary, the Czech Republaafd and Slovakia.
i.e. the members of the Visegrad Group, are ofiquaar note, as only in
these countries stable average annual GDP and gatss added growth
translates into an increase in total employment.

It is worth mentioning here that Polish researctensge made a signifi-
cant contribution to the development of empiricadlgsis dedicated to the
research on decomposition of economic growth an@ &gtimates (Flor-
czak & Welfe, 2000; Welfe, 2001; 2002; Florczak, 12D In studies on
identifying the factors that determine changetaltfactor productivity at
the level of the Polish economy (Welfe, 2009), oradl knowledge re-
sources represented by the amount of R&D expemdias well as
knowledge capital resources from abroad are ofifsignt importance
(Swieczewska, 2013). For example, Florczak and W@890) and Welfe
(2001) calculated TFP in Poland in the years 198R62n the basis of the
standard growth accounts, taking into consideratiom factors of produc-
tion: labour and physical capital (machinery andigepent or total fixed
assets). In their study, the elasticity of produttielative to fixed assets.
i.e. the share of return on tangible equity, isbcated at 0.5 or estimated
on the basis of the production function. In thedgtby Welfe (2002), TFP
for Poland in the years 1986—2000 was estimatatjusrious alternative
values of the share of return on tangible equitgnif 0.25 to 0.7). In turn,
Florczak (2011) estimated the TFP values devoidhairt-term demand
fluctuations for Poland in the years 1970-2008&gishe Wharton method.
and then examined determinants of total factor getidity (Prochniak,
2018).
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Manufacturing in Poland

An in-depth analysis of data from the last few ge@onfirms that manufac-
turing in Poland is an important element of thearatl economy, which is
reflected in newly created jobs and increasinggxadue of fixed assets. In
2017, compared to 2010, the number of people wgrkinindustry in-
creased by almost 5.5%, and the value of fixedta&se39%. The role and
importance of manufacturing in the Polish econo2y1{) is demonstrat-
ed, among others, by its share: in the creatiogrofs domestic product
(22.8% compared to 23.5% in 2016), in investmempieexiture (36.9% in
relation to 38.4% in 2016), and in the gross valtiéixed assets (32.6%
compared to 32.5% in 2016). Employment in manufaoguin Poland
remains stable. In both 2016 and 2017, the pergerdhemployed persons
in industry was 20.8% of the total number of emplbyin the country
(GUS 2017, pp. 30-37; GUS 2018, pp. 30-31). Furtimeiinnovation activ-
ity of the manufacturing divisions in Poland strgndepends on the scale
of operations of enterpriseSwiadek, 2018). Due to this, the dynamics in
sold production are also presented here and thi#iveospward trend is
confirmed in all the manufacturing divisions (TaB)e

The latest CSO data published show that industrigbut in Poland af-
ter 2010 increased at a double-digit rate onlyoar fmonths — most re-
cently in July 2018, when production growth was3% (year on year), and
the increase in sold production was recorded intm@nufacturing divi-
sions (Table 1). Manufacture of machinery and egeipt recorded the best
performance — 25% growth (year on year) as weMasufacture of other
transport equipment (e.g.: shipyards) — 20.6% ywayear. This is con-
firmed by favourable assessments of the generalogaiz climate regis-
tered in all manufacturing divisions. The indicatbrthe general economic
climate in March 2018 was at the level of + 1811 ¢ghe improvement in
the economic situation was signalled by 26.0% oémmises, and its dete-
rioration by only 7.3% (GUS, 2018). The most opstia opinions on the
economic situation were formulated in March 2018 rbgnufacturers of
rubber and plastic products, pharmaceutical pradumier non-metallic
mineral products, chemicals and chemical prodwuagsyell as those con-
ducting activities in the field of printing and reduction of recorded me-
dia.

In the long-term perspective, in the years 2010#2Qke largest in-
creases were recorded in Manufacture of paper apdrgproducts (Divi-
sion 17). In this division, in 2017, compared td.@0more than 10 times
higher expenditure on innovative activity in theaof product and process
innovations in industry (in PLN million) as well &5 times higher ex-
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penditure (internal and external) on research aldpment activity (in

PLN million) was recorded. For Manufacture of protduof wood and

cork, excluding furniture; manufacture of articlfsstraw and plaiting ma-
terials, expenditure on research and developmen¢ased by over 800%
(in PLN million). Decreases in the values of thecdissed diagnostic varia-
bles in individual manufacturing divisions weregdrable 3, Table 4).

Research methodology and data
Data sources

The paper uses data published by the Central tg&tati©ffice. For the
needs of conducted analyses, data were obtaineatticular from the Sta-
tistical Yearbooks of Industry for the years 20102 and from the Local
Data Bank. Changes in time in the level of indicateelected for analysis
covered the years 2009-2017. The database prefmrdte needs of the
empirical study the results of which are presentethe paper includes
seven diagnostic variables (see Table 5). Six eddhvariables are present-
ed in terms of value, in constant prices from 200fh the investment
expenditure price index, the GDP price index arelglice index of sold
production of individual manufacturing divisionseglsas a deflator.

According to the Polish Classification of Economictivity, the initial
database was prepared at a two-digit level of aggien. i.e. for all 24
divisions of Section C — Manufacture. Due to theklaf data, resulting,
among others, from statistical confidentiality,dily 5 divisions were ex-
cluded from the analyses presented in the subsegaetions of the paper.
i.e. 11 — Manufacture of beverages, 12 — Manufactifrtobacco prod-
ucts, 14 — Manufacture of wearing apparel, 15 — Macture of leather
and related products, as well as 19 — Manufactadepaiocessing of coke
and refined petroleum products.

TFP measurement methodology

It is widely accepted that total factor producyv{iTFP) is a synthetic
measure of the efficiency of the production proéedbe country resulting
from technical progress (Ferndndez-Arias, 2017)clican be estimated
using one of two alternative approaches.

First of all, a starting point in such analysesussially the macroeco-
nomic function of production (CES) or the Cobb-Dlasgproduction func-
tion, taking into account two or three measuralgletdrs of production,
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namely: labour, physical capital and possibly huroapital. In this case,
the function (model) parameters are estimated lidrrated based on avail-
able statistical data (Welfe, 2001; 2009). In ddditif the function is in
the form of a two-factor Cobb-Douglas function ($guare root version)
with neutral technological progress in the senselioks, then TFP corre-
sponds to the factor describing the productionreldgy, and its calcula-
tion requires estimation of production elasticitefficients relative to se-
lected factors, i.e. labour and capital (Ascari &s@o, 2004; Tokarski,
2008; Daska-Borsiak, 2011). Secondly, there are index nuhioat allow
us to build synthetic statistical indices of toiattor productivity, such as
are the Laspayres. Paasche and Fisher indicebearetently commonly
used Tornquist or Malmquist indices (Kuosmanen &il&inen, 2004;
Swieczewska, 2007).

In the presented studies, the TFP level was deteahidy using the two-
factor Cobb-Douglas production function (Tokarsd10; Daska-Borsiak
& Laskowska, 2012):

Yie = Ape9' KL * 1)

where:

Y — gross value added in million PLN in thth division in yeat,

L — labour input (expressed in thous. employees),

K — capital input (measured by the value of graesdf assets in PLN million).
Aye9t > 0 — total factor productivity (TFP),

g — the technical progress rate in the sense dsHic

a — elasticity of the Y variable relative to the Kriable.

Parameters. and (1 —a) are the elasticity of the production function in
relation to (respectively) capital and labour irgout

By dividing equation (1) on both sides by the numifeemployed.;; >
0, we obtain:

Vit = Aoegtkfé (2)
where:

v+ = Y;/Li; — labour productivity,
k;; = K;;/L;; — the technical infrastructure of labour

2 That is, technical progress which does not chadngenarginal rate of substitution be-
tween labour and capital inputs (Tokarski, 2010).
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In addition, by logarithmising the side of equat{@j. we obtain:
In(y;) = In(4o) + gt + aln(k;) 3

The expressioin(4,) + gt is the logarithm of total factor productivity
(TFP).

It follows that the estimation of the parameterseqtiation (3) will al-
low for estimating the value of the parametgrby means of which the
value of total factor productivity can be deternairaes:

TFP, =& 4)

a
ki

Due to the panel structure in which the basic geisahe calendar year,
and the objects are manufacturing divisions, mosiiable for panel data
were used in the study. The most general modeldbasecross-sectional
and time series data can be written in the follgaorm:

Yo =a; + X' Btg, ®)

where: index=1.....Ndenotes the objedtsl.....T —the period, whileX’; is
the vector of observations of explanatory variablesthe fixed effects
model, a; is a specific effect for the object, with the sadistribution in
groups and over time. In the random effects madare treated as random
variables (Maddala, 2006).

Results
Labour productivity model

The presented research used two most popular ap@edo take into ac-
count the heterogeneity of studied objects: thedirffects model (FEM)
and the random effects mod&EM). The results are presented in Table 6.
The results obtained, presented in Table 6, seésfagdory. All varia-
bles are statistically significant and a very gdibdf the model, measured
with the coefficient of determination, allows usrexognise that the TFP
values that will be determined on the basis of fden{4) will be reliable.
The results of Hausman test indicate that the nanelffects model (REM)
has a higher statistical value. The rate of tealmpcogress in the sense of
Hicks estimated on the REM basis is about 2.7%,thacdkelasticity of la-
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bour productivity relative to technical labour iaftructure is equal te
0.2986.

Based on the results of the REM estimation. the V&Bes were then
estimated in théth division in the yeatraccording to the formula:

TFPy = kp.2y9iz§656 (6)

it

Figure 2 presents the average TFP value in thes\2&39—2017 in the
analysed manufacturing divisions.

As the presented data indicate, total factor pridtc varied among
the divisions. A particularly high TFP value indtperiod was observed in
Manufacture of basic pharmaceutical substancesnaetticines and other
pharmaceutical products. According to the classiin of manufacturing
activity and services, based on the intensity oCR&KD 2007) Sectoral
approach: Classification of manufacturing and sees sector according to
R&D intensity (NACE Rev.)ZGUS, 2019), this division is one of high-
tech divisions. The following divisions are als@ddcterised by a high TFP
level: Manufacture of chemicals and chemical préslugnedium-high
technology) and Manufacture of other transport gapeint (medium-high
technology). Interestingly, Repair, maintenance iasthllation of machin-
ery and equipment, classified as one of mediumikstinology divisions,
is also characterised by a high TFP level. In thgecof this division, the
high level of TFP results from the relatively logchnical labour infrastruc-
ture measured by the value of gross fixed asseterpployee in the con-
sidered period.

The lowest TFP level is characteristic for low oedium-low technolo-
gy divisions: Manufacture of textiles (low techngyy; Manufacture of
products of wood and cork except furniture; Mantdee of articles of
straw and plaiting materials (low technology); M&auature of metals (me-
dium-low technology).

The presented figure indicates that divisions withher intensity of
R&D expenditure have a higher TFP level. In theHer part of the pre-
sented research, an attempt was made to constrdatstimate an econo-
metric model describing the impact of expendituneR&D on total factor
productivity by division.
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Total factor productivity model

The importance of expenditure on R&D for the TFRelan manufac-
turing in Poland in the years 2009-2017 in thetlmftempirical research is
discussed in this section.

According to the literature review presented egrlie the light of re-
search conducted worldwide, it can be said thatwkedge capital re-
sources related to expenditure on R&D are the piateteterminant of the
level of total factor productivity in a given ecang. An important role is
attributed to the absorption of scientific and td@chl knowledge from
abroad and to human capital resourcﬁmiéczewska, 2007; Brzozowski,
2018). The last two variables are not availablenfianufacturing divisions.
At this level of analysis, it is also not possiltteuse a number of other
variables that may determine the level of TFP Gestion 1).

Considering the aim of the research and the avkiijabf relevant sta-
tistical material, in the presented analysis, tédator productivity in indi-
vidual manufacturing divisions was associated veitpenditure on R&D
(current and lagged by one period). Investmentagsthre also considered
among the factors determining total factor prodiitstiDanska-Borsiak &
Laskowska, 2013). This variable was also includethe model presented
below.

Finally, the model explaining the TFP level in th#h division in the
yeart has the following form in the analysed manufacigidivisions:

ln(TFPLt = a;+ o+ ln(EMPL)
(7)
where:
(ER;‘;) )it — Natural logarithm of expenditures on R&D at 2@@Histant prices in

PLN million (the CSO price index of GDP was usedatfjust the data) per em-
ployee;

R&D

ln(EMpL)”—l_ natural logarithm of expenditure on R&D per enygle in the
periodt-1;
(INVT)lt natural logarithm of investment outlays at 20@mstant prices in

EMPL
PLN million (the CSO price index of investment @yt was used to adjust the

data) per employee.

The FEM and REM results of total factor productivéire shown in Ta-
ble 7.
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The research conducted on the relationship bet#&SdDd expenditure
and total factor productivity confirms the importanof internal expendi-
ture on research and development in manufacturiteygrises for increas-
ing TFP, regardless of the panel model. The Haugasnndicates that the
REM has a higher statistical value. The resultsiabtl for this model al-
low us to state that 1% growth of current R&D exgiare may result in
TFP growth of 0.039%. Expenditure on R&D incurradhe previous peri-
od also plays an important role. Its 1% increaselte in an average TFP
increase of 0.043%. It should be emphasised tigirtipact is higher than
the impact of the current expenditure on R&D, whitlggests that their
positive effect in the form of an increase in TKipears with some lag.

According to the conducted research, expendituetstad to research
and development activities (current and laggedgrddhe changes in total
factor productivity to a much lower degree thanestment expenditure
incurred in individual manufacturing divisions. lffcrease in the latter
translates into an increase of 0.17% in TFP.

Discussion

Every society strives to improve its quality oklifand economic growth is
a prerequisite for achieving this goal. In the ligh endogenous growth
theory, the propensity of individual economiesrtedst in sectors related to
research and development activity and educatiarf ey importance in
the process of generating technical progress. #smimed that technical
progress is primarily the result of innovationsseng from domestic and
foreign research and development activity (Rom8g01 Aghion-Howiitt,
1998;Swieczewska, 2007).

An attempt to determine factors influencing an éase in productivity
and a quantitative assessment of the relationsttiwe®n productivity and
research and development activity are importane@spof the research on
productivity of factors of production, including PF carried out by the
authors. In the past, mainly productivity of indiual factors of production
(labour and capital) was analysed on a macroecansaaile. Griffithet al.
(2004) in a study on TFP determinants conductec dime series from
1970 and 1992 across 13 manufacturing sectorgpamal of OECD coun-
tries indicate that R&D has a direct impact on TgFéwth and plays a role
in facilitating the cross-country convergence ofPTkevels. This article
focuses on measuring total factor productivity (TERd analysing the
relationship between expenditure on research anelajment activity and
the level of TFP in manufacturing divisions. It wassumed that in Poland,

724



Equilibrium. Quarterly Journal of Economics and Boonic Policy 14(4), 711-737

due to the great importance of industry in thearati economy, the TFP
level would be primarily a derivative of the TFR/dé in manufacturing
enterprises. The study of TFP (in Poland) at #énell of aggregation should
be considered as innovative. The conclusions taguitom the analysis of
the results of the research conducted at the @uwelanufacturing divisions
seem to clearly confirm the existence of a positalationship between the
amount of expenditure on R&D and the TFP level. Tdwults of the pre-
sented research for manufacturing divisions aresistent with the results
of research conducted globally at various levelagiregation (Griliches,
1981; Cameroret al, 2005; Daska-Borsiak, 2011). According to these
studies, changes in total factor productivity (TEIR® the result of invest-
ment in the R&D sphere, increasing the existingwedge capital re-
sources in the economy, represented by R&D expanedie.g. Guellec &
van Pottelsberghe de la Potterie, 2001; BronziRigelli, 2009).

An important value of this study is the observatibat the use of panel
models makes it possible to draw a conclusion ath@uéexistence of heter-
ogeneity of manufacturing divisions, which shou&dn indication for the
future policy aimed at supporting manufacturingslons. It seems that it
is necessary to support primarily those industtied have development
potential and may become our national specialty.

Understanding the causes of TFP diversity in martufang divisions
requires further research which will take into agwoother important vari-
ables describing determinants of and barriers tB gfowth. The level of
TFP in manufacturing divisions depends not onlytloa research and de-
velopment activity of a given division, but also the activity of related
enterprises and divisions. The process of transfeR&D effects between
enterprises or industry sectors is referred tohm literature as an R&D
spillover. However, measuring technology transteaicomplicated task,
among others, due to a lack of data describingptisess.

Conclusions

In the presented study, the assessment of the &P ih manufacturing
divisions was preceded by an analysis of changésisnindex at the mac-
roeconomic level. The results of the conductedyaimlof the TFP level
and dynamics in Poland in the years 2008-2017 geogiounds for opti-
mism. Poland’s relatively good results in termscbénges in total factor
productivity compared to the EU-11 group are a sifjsuccess. The re-
search quoted in the paper shows that TFP incréesesplayed a signifi-
cant role in the economic growth of Poland as wsllother Central and
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Eastern European countries, which in turn meansawipg their competi-
tiveness in the global market. This allows for draya positive conclusion
that in the years 2008-2017 the competitive pasitibthe Polish econo-
my, measured by TFP growth, increased to the ggeatdent among the
new EU Member States.

An important element of the Polish national econasngnanufacturing,
as evidenced, among others, by its share in treicreof gross domestic
product. For this reason, research related to ashgthe TFP level and
identifying its determinants in the manufacturingustry seems important.
The vast majority of research conducted for Polemcerns a macroeco-
nomic (Welfe, 2009) or regional (Tokarski, 2010;7Bka-Borsiak & Las-
kowska, 2012) scale. Research on economic sestamducted much less
frequently. The analyses of total factor produtyit the level of manufac-
turing divisions presented in this paper are agngtt to fill the gap in this
respect. Panel data econometric models were ustt analysis tool, al-
lowing for the inclusion of information on individl divisions in many
periods, which is an extension in relation to thalgses carried out so far
for manufacturing divisions using time series cowgrthe period 1992—
2008 Swieczewska, 2013).

The empirical studies carried out confirm the \#lidf the research
hypotheses. TFP estimates positively verify thet finypothesis, which
states that manufacturing divisions in Poland arerdified in terms of the
level of total factor productivity. One of the reas for the differences
existing between the divisions in terms of totaltdéa productivity can be
expenditure on research and development.

The validity of the latter hypothesis is confirmiegleconometric analy-
sis. Model estimation has shown the existence sthfistically significant
relationship between R&D expenditure incurred innofacturing enter-
prises and the TFP level. However, the strengtth@fiimpact of examined
expenditure on R&D, expressed in the estimatiothefmodel parameter,
is definitely lower than the impact of another gsall variable — invest-
ment outlays incurred in individual manufacturirigisions.

The aim of the study has been achieved, but therenany limitations
to the TFP estimation. The spectrum of factors céfig total factor
productivity is much broader than assumed in thiglys In addition to
knowledge capital, TFP is also affected by soclamographic and institu-
tional determinants, which should constitute theaaof further research.
However, taking into account methodological aspemtsinteresting solu-
tion seems to be the application of an error ctiorenodel (ECM), which
allows for separating short-term effects from ldagsn ones.
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The TFP theory, despite considerable scientificea@ments to date,
still provides a valuable research perspectiveatorg many recommenda-
tions for regulating processes occurring in theneoay.
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Annex

Table 1. List of manufacturing divisions covered by the Iggs

No. S
of division Name of division
Div. 10 Manufacture of food products
Div. 13 Manufacture of textiles
Div. 16 Manufacture of products of wood and cork, exceptifure; manufacture of articles
’ of straw and plaiting materials
Div. 17 Manufacture of paper and paper products
Div. 18 Printing and reproduction of recorded media
Div. 20 Manufacture of chemicals and chemical products
Div. 21 Manufacture of basic pharmaceutical substancesraatticines and other
' pharmaceutical products
Div. 22 Manufacture of rubber and plastic products
Div. 23 Manufacture of other non-metallic mineral products
Div. 24 Manufacture of metals
Div. 25 Manufacture of fabricated metal products, excepthireery and equipment
Div. 26 Manufacture of computer, electronic and opticabjpicis
Div. 27 Manufacture of electrical equipment
Div. 28 Manufacture of machinery and equipment not elsesvblerssified
Div. 29 Manufacture of motor vehicles, trailers and semilérs excluding motorcycles
Div. 30 Manufacture of other transport equipment
Div. 31 Manufacture of furniture
Div. 32 Other manufacturing

Div. 33 Repair, maintenance and installation of machined/equipment
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Tableb. List of diagnostic variables with assigned defiato

Symbol Name of variable Name of deflator
Expenditure on innovative activity in the area of
X1 product and process innovations in industry (in Investment expenditure price index
PLN million)
X2 Expenditure (internal and external) on research Investment exoenditure price index
and development activity (in PLN million) p p
X3 Average employment (in thousand people) n/a
X4 Gross value added (in PLN million) GDP price index
X5 Sold production (in PLN million) Price |ndex_of sqlq productlon of
manufacturing divisions
X6 Investment expenditure (in PLN million) Investmenpenditure price index
X7 Gross value of fixed assets (in PLN million) Invasht expenditure price index

Table 6. Results of labour productivity model estimation

Dependent variableIn(y;,)

Explanatory variables FEM REM
and selected statistics Parameter t-statistics Parameter t-statistics
estimates and p-value estimates and p-value
In(ky,) 0.28667 2.115 0.2986 4.024
i (0.036) (0.000)
t 0.02712 3.927 0.0265 6.102
(0.000) (0.000)
In(4,) 1.86455 7.800 1.8434 13.220
0 (0.000) (0.000)
R-squared 0.918
Within R- squared 0.626
Estimation of the F=0.626 LM = 473.775
significance of individual (p = 0.000) (p = 0.000)

effects
(value of test statistics)

Hausman test

Chi-square(3) = 0.0113
(p =0.914)

Note: N = 150



Table 7. Estimation results of FEM and REM of total fagpwoductivity (TFP)

Dependent variable In(TFP;,)

Explanatory variables FEM REM
and sdlected statistics Parameter t-statistics Parameter t-statistics
estimates and p-value estimates and p-value
R&D 0.0376 2.647 0.0396 2.876
(ot (0.009) (0.004)
R&D 0.0410 2.701 (0.007) 0.0437 3.011
In(gpp)ie (0.002)
INVT 0.1963 5.125 0.1711 4.834
(ot (0.000) (0.000)
Constant 2.2700 20.260 2.1964 19.430
(0.000) (0.000)
R-squared 0.9021
Within R-squared 0.451
Estimation of the F =48.1389 LM =350.028
significance of individual  (p = 0.000) (p = 0.000)

effects
(value of test statistics)
Hausman test

Chi-square(3) = 4.728

(p=0.192)
Note: N = 150
Figure 1. TFP growth rates in CEE countries
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Source: own elaboration based on Préchniak (2@l879).



Figure 2. TFP level in the analysed manufacturing divisicage¢age value for the
period 2009-2017
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