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TECHNOLOGICALTRENDS IN THE MANUFACTURING
AND SERVICE SECTORS.
THE CASE OF MONTENEGRO

Nina Vujanovic¢
Abstract

Technological efficiency is one of the main factors of economic growth in modern history. Technologies have
traditionally been important for manufacturing sector, but the age of digitalization has also made service
sector increasingly rely on modern technologies. There are not many studies measuring the technological
trends of these two sectors. This study uses the micro approach of the dynamic panel to measure productivity
of the manufacturing and service sectors in Montenegro during 2010 to 2019, between the two global eco-
nomic crises, using firm level data. The results indicate a clear upward technological trend in manufacturing
but not in the service sector. Divergent technological trends are found amongst the manufacturing and ser-
vice industries that require different level of technologies and knowledge in their production processes. The
study concludes that there is a room for further technological improvements in both sectors and proposes

concrete policy measures for further development.
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1. INTRODUCTION

Technological growth is an important motor of
growth and a mean to achieve the sustainable devel-
opment goals too (UNCTAD 2021). Growth of produc-
tion (output) via increasing technological efficiency
(i.e. better use of inputs), is an increasingly important
form of fostering economic growth, especially af-
ter the COVID 19 pandemic that hit technologically
equipped industries less severely. Industires that
heavily relied on technologies facilited business con-
tinuity despite physical isolation.

However, technological growth can bring about
disparities due to job loss, lower wages and profits,
but also inabilities of some societies to adopt change.
UNCTAD (2021) report explains that the development
levels were approximately homogenous across the
globe until the onset of the first industrial revolution
when economies started diverging. Each subsequent
wave of technological change thereof, led to the wid-
ening of the gap between technological frontier and
technolgocial periphery countries that struggled to
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employ new technologies sucessfully. Today, only
few countries create the technological frontier, such
as Switzerland, United Kingdom, Singapore, the
Netherlands and the Republic of Korea.

In the aftermath of the COVID 19 pandemic, we
may witness new technological trends and new in-
dustrial revolution (Crescenzi et al. 2021). Data already
show that trade in high-tech goods outperformed
trade in goods in 2020 and that these trends continue
in 2021 (Miller et al. 2021). Therefore, monitoring tech-
nological trends is important, especially for develop-
ing and transition economies that are technologically
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inferior to developed economies. Today, in the age of
digitalisation, technological efficiency is the basis of
economic growth and development. It can be reliably
stated that the service sector in particular has under-
gone major changes in the structure of servicing, pre-
cisely because of the period of digitalisation that has
further technologically “enriched” these activities.

The manufacturing and service sectors in
Montenegro are interesting for research on techno-
logical progress for several reasons. First, the two
sectors together account for about 44% of GDP in
Montenegro (Monstat 2020), of which as much as 40%
are service industries. The second reason is that these
two sectoral activities promote technological growth.
Primary industries are less susceptible to technologi-
cal changes (McMillan and Rodrik 2011). Finaly, glob-
ally, these sectors are of particular interest to foreign
direct investors. The data indicate that international
mergers and acquisitions in service industries account
for about 44% of total international transactions, while
manufacturing industry accounted for rougly 49% in
2019 (UNCTAD 2020). Greenfield investments in the
service and manufacturing sectors account for almost
half of the total foreign direct investment. Foreign di-
rect investment can boost technological growth as
multinational companies undertake the major part of
the worlds’ R&D and produce the most advanced pro-
duction technology (Dunning and Lundan 2008).

However, since technology is an intangible “asset”,
there is a challenge in understanding the techno-
logical trajectories. Hence, this study contributes to
research in several ways. First and farmost, it recom-
mends a new approach to measure technological effi-
ciency of the sectors of economy, using firms’ financial
statements over the 2010 to 2019 period. Measuring
technological efficiency, first at the micro level (for
each firm), and then via summation at the sectoral
level improves the precision in measurement. Second,
this study also provides insight into the technologi-
cal trend of industries that differ in terms of the level
of technological development required in produc-
tion (manufacturing industries), as well as the level of
knowledge required in servicing (service industries).
Third, by measuring the total factor productivity be-
tween the two economic crises, a trend of technologi-
cal development in the first years after the financial
crisis is obtained, as well as in the years immediately
before the even greater economic crisis caused by the
COVID 19 pandemic. In the wake of new technologi-
cal wave, characteristed by frontier technologies such
as artificial intelligence, internet of things, Big data,
blockchain, 3D printing etc. (for more detailes see
UNCTAD 2021, p. 17) accurate measurment of tech-
nological trends becomes more important. The study
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period circumvents the two years when Montengro
was hit by the Global financial crisis (2009) and COVID
19 crisis (2020) leading to negative GDP growth of
-5,8% and -15,2%, respectively. This indicates the dy-
namics of technological efficiency in two important
economic sectors in the period between the two larg-
est negative economic shocks in modern history.

The study is organized in several sections. Section
2 gives a theoretical framework of the importance of
technological efficiency for economic development,
with special reference to economies in transition.
Section 3 provides an insight into the different calcula-
tion methods of this phenomenon. Section 4 explains
the data and the application of one of the methods
for calculating technological efficiency. Section 5 pro-
vides a graphical representation of the results. Section
6 concludes and proposes policy measures that could
improve technological development of these sectors.

2. IMPORTANCE OF TECHNOLOGICAL
EFFICIENCY - THEORETICAL FRAMEWORK

Growth of the output of an economy can be the
result of the growth of inputs or growth of techno-
logical efficiency, the latter representing total factor
productivity (TFP). Total factor productivity, i.e. tech-
nological efficiency, is an important stimulus to eco-
nomic development and, in the long run, to the stand-
ard of living (Howwit 2000; Hornbeck and Moretti
2018). It can directly affect employment growth and
average income. For instance, Hornbeck and Moretti
(2018) in their empirical analysis find that 1% produc-
tivity growth in the United States manufacturing sec-
tor led to an income growth of 1.45% between 1980
and 2000. Income growth is more obvious in the case
of less skilled workers than more skilled ones, so this
study also points to the contribution of productiv-
ity in reducing inequality within the United States.
However, across the globe technological growth can
cause much discrepnacies and inequalities.

Generally, somewhat poorer countries have less
savings to reinvest, which reduces not only simple
capital accumulation but also the level of intangible
assets that can accelerate the technological catching
up of high-income economies (Dowrick and Rogers
2002). Therefore, technological efficiency of develop-
ing economies is usually lower than technological ef-
ficiency in developed economies. This divergence has
been only increasing with time, as the latter group
shows lower capacity to adopt frontier technologies.
Until the first wave of technological growth (first in-
dustrial revolution), the level of development across
countries was not too different. However, each new
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wave of technological growth brought a greater di-
vergence between technological leaders and techno-
logical laggards. UNCTAD (2021) shows that Eastern
European countries are, although above the average
level of technological development still much behind
the technological frontier countries.

Bloom et al. (2010b) explain that in less developed
economies a weaker level of competitiveness as well
as a large number of family businesses make it diffi-
cult for a large number of poorly run firms to survive
in the market. The reasons for this is poor manage-
ment, as well as weaker sources of finance (especially
for small firms). It is known that external sources of
finance are more expensive in less developed econo-
mies. Hornbeck and Moretti (2018) also argue that
economies with flexible labour markets have greater
potential for technological growth. Labour mobility
is possibly lower in countries that have been a part of
socialist systems for a long time.

When it comes to transition economies, the issue
of technological development until the 1990s was
more structural in nature. In general, transition coun-
tries inherited older capital structures (machinery and
other equipment) and therefore their technological
efficiency was significantly lower than in developed
western economies. Nishimuzu and Page (1982) in-
dicate that most industries in the Socialist Federal
Republic of Yugoslavia (1965-1978) were “mature so-
cialist industries” where greater technological pro-
gress was not expected, whereas fewer industries did
not record technological growth due to lack of invest-
ment. Only a smaller number of industries (production
of metals and electrical machines) recorded high tech-
nological development. The research indicates that it
is highly likely that the starting technological base of
the Balkan countries is at a lower level than that of the
developed countries.

The period of globalisation and integration of
these countries with the rest of the world, through
trade exchange, should have influenced technologi-
cal advancement (McMillan and Rodrik 2011; Bloom
et al. 2016¢) in their early phase of transition. It is
known that technological efficiency can be improved
with better knowledge of foreign markets through
imports and exports (Alvarez and Lopez 2008). This is
because skills and technologies are “imported” from
abroad into the domestic economy through trade.
Nevertheless, McMillan and Rodrik (2011) warn that
the structure of trade has an impact on technological
growth. Countries that export natural resources have
less chance of technological growth because primary
industries employ less labour force than manufac-
turing industries and services. This is the case with
Montenegro, where 50% of export products are raw
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The greater opening of these countries has also
attracted foreign direct investors. It is known that
technologies can be improved through the transfer
of knowledge from international companies to do-
mestic entrepreneurs (knowledge spillovers), if do-
mestic entrepreneurs have sufficiently “developed”
human capital to implement new technologies.
Research indicates some transition economies (Czech
Republic, Russian Federation, Lithuania, Bulgaria) did
not take full advantage of this type of technological
improvement in the earlier transition period (Konings
2001; Djankov and Hoekman 2000; Javorcik 2004;
Sabirianova et al. 2004; Kosova 2010).i Some econo-
mies (Republic of Croatia, Republic of Serbia, Bulgaria,
Poland, Ukraine, Slovenia, Estonia, etc.) have made
better use of this type of technology transfer, specifi-
cally in the manufacturing sector at a later stage of
transition (Gorodnicheko et al. 2014; Monastiriotis
and Alegria 2011; Vujanovi¢ et al. 2021). Recent stud-
ies also show that the weaker absorption of foreign
knowledge is a result of the fact that some transition
economies are now closer to the technological ad-
vancement of developed economies and thus have
less to learn (Vujanovi¢ 2018). Unfortunately, there are
no studies that address this issue for Montenegro.

In addition, the period of financial crisis has
changed the circumstances for further technological
development in many countries. Banks have applied
very strict lending policies after the global financial
crisis, and that could only slow down technological
growth. External funding sources are very important
for technological development, especially in transi-
tion economies (EBRD 2018). Recent research con-
firms that external funding sources, such as banking
loans, are important in transition economies and that
restrictive lending policies may negatively affect tech-
nological development (Vujanovi¢ et al. 2021). This
additionally requires monitoring technological trends
in periods of economic crisis in these economies.

Apart from divergent development across the
globe, technological efficiency is not equally im-
portant in all sectors of economy either. A study by
McMillan and Rodrik (2011) indicates that productivity
in the manufacturing sector is higher than that in the
construction sector and even three times higher than
in agriculture. In some economies, such as Vietnam,
there is a noticeable “shift” of labour from the agricul-
tural sector to the manufacturing sector (McCaig and
Pavcnik 2013). On the other hand, a trend of increas-
ing employment in the service sector has been ob-
served in Europe, at the expense of the manufacturing
sector, which is a reason why service industries are the
main driver of technological development in Europe
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(Uppenberg and Strauss 2010). Namely, the realloca-
tion of human resources from one sector to another
changes the potentials of technological growth, as
the human capital itself is an important determinant
of technological development (Baltagi et al. 2016;
Seyoum et al. 2015). In this regard, the importance of
technological development of the manufacturing and
service sector in the overall economy is growing.

3. METHODS OF ESTIMATION

Technological efficiency (total factor productiv-
ity), as explained, indicates the efficiency of inputs’
use into the production process. As such, technologi-
cal efficiency is abstract and challenging to measure.
Several measures of technological efficiency have
been employed to date. For instance, as an approxi-
mation of productivity, companies can use sales rev-
enues (Haskel et al. 2007; Barbosa & Eiriz 2009) and
labour productivity, which is measured by the ratio
of sales revenues (or value added) per employee
(Ruane & Ugur 2005; Zhou et al. 2002). The benefit of
these productivity measures is in their simplicity and
availability.

However, these measures do not take into account
immeasurable aspects of technological efficiency. For
instance, labour productivity measures the efficiency
of the use of labour force into the production pro-
cess, but not the capital, and is therefore only a par-
tial measure of productivity. Total factor productivity
measures the technological efficiency of using both
inputs into production. Total factor productivity (TFP)
is measured as a residual from the production func-
tion. Although it is a more comprehensive measure
of productivity, the estimation itself is complex and
without adequate implementation this measure is not
necessarily superior, which will be clearer latter in the
text.

The approach to estimating firm total factor pro-
ductivity through the production function is ex-
plained in Subsection 3.1.

3.1. Measurment of firm technological efficiency

Total factor productivity is approximated as the resid-
ual of the Cobb Douglas production function, which
defines output as a function of production input. The
Cobb Douglas production function has the following
form:

Y= (TFP) KP1 1,52 (1)
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Y refers to output of production that is usually ap-
proximated by sales proceeds or value added. TFP is
the total factor productivity, while K and L represent
inputs in the production process - capital and number
of employees, respectively. Therefore, total factor pro-
ductivity is a technological efficiency that contributes
to the growth of output, to the extent that it is not
contributed by the factors of capital and labour used
in production.

B1 and B, represent the coefficients of capital-
labour elasticity. Cobb Douglas production function
is homogeneous. In other words, if the production
factors K and L increase n times, the output Y will in-
crease t" times which makes the production function
(1) ahomogeneous function of the level t.

By logarithming the production function (1), we
obtain:

Yie=a+ BrKic+ Bolic+ wig+ &
In(TFP;) o+ wip+ €t (2)

Nie=Wiet Ej¢

i-firm, t - year.

Vit ki and I in equation (2) represent the logarith-
mic values of output, capital and labour from equa-
tion (1). @ is a constant denoting the average firm
productivity in the initial (base) period. The compos-
ite error term n;; consists of two components w;; and
& W;; represents an anticipated productivity shock
that is known and predictable to a firm, but not exter-
nally. For instance, a firm can anticipate productivity
“shocks” resulting from management or some other
factors known internally. €; is unanticipated idiosyn-
cratic productivity shocks, caused by some unpredict-
able factors, such as weather conditions, machine fail-
ure, termination of employment contracts and other
circumstances. This component of the standard error
is independently and identically distributed and as
such is not correlated with other variables in regres-
sion (2).

The total factor productivity, as a residual compo-
nent, is obtained as the simple difference between the
actual output value y;; and the output value y estimat-
ed with regression (2). However, the problem in such
an estimation of total factor productivity is the various
endogeneities inherent to the equation (2). Namely,
the management of a firm makes decisions about the
number of employees I;; based on its predictable pro-
ductivity w;. This causes a correlation between the
variable I;; and the total composite standard error n;;
(which contains wy). If, as a result of higher productiv-
ity, firms increase the number of employees, the co-
efficient of labour elasticity 8, is upward bias. All this

123



IS TECHNOLOGICAL TRENDS IN THE MANUFACTURING AND SERVICE SECTORS. THE CASE OF MONTENEGRO

raise the issue of the technological efficiency estima-
tion based on regression (2).

The issue of estimation of the Cobb Douglas pro-
duction function has given rise to several meth-
odological approaches that aim to annul the men-
tioned endogeneity, such as Olley & Pakes (1996),
Levinsohn & Petrin (2003), Ackerberg et al. (2006) and
Wooldridge (2009), the first three being explained in
the Appendix. The Wooldridge (2009) method is the
last in a series that attempts to address the endoge-
neities caused by the correlation of labour input I;;
and productivity w;. Wooldridge (2009) relies the
method on Levinsohn & Petrin (2003) that use mate-
rial input m;; to approximate unobserved productivity
Ww;, which can under monotonicity assumption (see
Appendix) be expressed as g(k;:, m;y).

Wooldridge proposes a dynamic panel model
based on the generalised method of moments, that
offers a wide range of instruments for endogenous
variables, whose validity can be tested.

Wooldridge (2009) bases the reliability of its meth-
od on several key assumptions. The first is that the
part of the productivity shock that is unpredictable
(¢;) does not depend on current and past decisions
on the engagement of labour, capital and raw mate-
rials (denoted with my) in the production process. v
Wooldridge also limits the dynamics of the produc-
tivity shock w;.¥ The given assumptions lead to two
regressions that are jointly estimated by the dynamic
method of generalised moments.

Yie=a+ B kie+ Bolic+ g (Kig, myp) + £i¢+ &t 3)
Yie=a+ Brkie+ Bolic+ f(g (Kig1, Mir1)) + €i+ & 4)

Where ¢;; represents innovation and m;; is mate-
rial input that can approximate productivity. The first
equation is based on equation (2) and the fact that
productivity can be expressed as a function of capital
k;; and raw materials m;;, whose values are available
in financial statements. The second equation follows
from the assumption that productivity w;; follows an
autoregressive process of the first order AR (1) accord-
ing to which productivity w;; is expressed as a func-
tion of productivity from the previous period w;;.; and
innovation &;; (W;;=wj.1+ &;). With the assumption of
monotonic relation between productivity w;; and ma-
terial input my;, the following formulation of produc-
tivity wir = f[g (M1, kie-1)1 + & explains equation (4).

Equations (3) and (4) are estimated with the GMM
method, which takes into account their interdepend-
ence (correlation). According to the estimation of this
equation, firm TFP is obtained as the difference be-
tween the actual value of the output y;; and the esti-
mated output §.

124

3.2 Measurement of sectoral
technological efficiency

Equations (3) and (4) are estimated on the sample
of firms within NACE 2 industries. The calculated
measures of firm technological efficiency were then
summed up at the level of manufacturing and ser-
vice sector in two steps. First, the weighted average
of technological efficiency of NACE 2 industries is cal-
culated on the basis of the technological efficiency
of individual firms, followed by the calculation of the
weighted average for the subsectors and sectors of
economic activities.

When calculating the total factor productivity for
each industry and sector of activity, the size of in-
dividual firms within the industry was taken into ac-
count, but also the size of individual industries (NACE
2 classification) within the sectors themselves. This
means that larger firms (with greater number of em-
ployees) received a higher weight when “summed up”.
Similarly, larger industries within the two sectors are
higher weighted compared to smaller industries.

The weight represents the ratio of the number of
firm employees and the total number of employees in
the industrial NACE 2 activity j. The given weighting
was applied to each industrial activity j within manu-
facturing/service sector r with the following formula:

TFPj = )i weight;jre * TFPyjr (5)

TFPj; represents total factor productivity (technolog-
ical efficiency) of a firm i within NACE 2 industry j, ac-
tivity sector r in year t. N represents the total number
of firms in industry j. weight;;, represents the ratio of
the number of employees of a firm i and the total em-
ployment of industry j, activity sector r in year t. This
weight gives greater importance to larger firms com-
pared to smaller ones.

Finally, total factor productivity (technological effi-
ciency) of the manufacturing and service sector r was
calculated based on the following formula:

TFPrt = Z?llzl Weightjrt * TFP]'TL’ (6)

Where M represents the number of NACE 2 industries j
within the manufacturing/service r in year t. weight;.,
represents the ratio of the number of employees in
industry j and the number of employees in the manu-
facturing/service sector r. This weight therefore gives
more “weight” to the technological efficiency of those
industrial activities with greater number of employees
in the sectoral structure.
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4. DATA

Data used for the purposes of estimating total fac-
tor productivity are firms’ financial statements for the
period 2010-2019 available at the Central Bank of
Montenegro.Vi This database also contains non-finan-
cial information on the number of employees, indus-
trial activity of economic entities, as well as the loca-
tion of businesses. The length of the series is limited
by the availability of data on the number of employ-
ees, which is available from 2010 onwards. Data on
the production price index from the Statistical Office
of Montenegro (Monstat) were used alongside the
aforesaid data.

The number of employees approximates the la-
bour force I;;, equity stands for capital levels k;;, while
the accounting item “cost of material” was used to
approximate the cost of raw materials m;;. Firm’s val-
ue added approximates the output y;; of the Cobb
Douglas production function and it is calculated as a
simple difference between operating income and raw
material costs m;;. The value of capital, raw material
costs, and operating income (and, therefore, the add-
ed value) are deflated using the producer price index.
Because of the logarithmic transformation applied,
firms with negative values of one or more of the vari-
ables indicated above are not included in the estima-
tion because the values of their variables are annulled
by logarithm.

The dataset counts 920 to 1,910 of manufacturing
firms and 6,714 to 13,767 service firms depending on
the year. However, after cleaning missing values of
the abovementioned variables, the number of firms
significantly reduces for both sectors. The final sam-
ple amount to 5,930 observations for manufacturing
(602 to 963 firms, depending on a year) and 36,413

Table 1. Descriptive statistics, manufacturing

observations for services (3,628 to 6,215 firms, de-
pending on a year).Vi

Descriptive statistics of variables used for TFP esti-
mation (in logarithmic form) are presented in table 1
(manufacturing) and table 2 (services).

The Wooldrige (2009) method was applied to NACE
2 activity level industries in order to comply with the
rule of homogeneity of production function. This
means that the method was applied specifically to
groups of firms belonging to the same NACE 2 indus-
tries within manufacturing and service sector.

Table 3 shows NACE 2 industries within the manu-
facturing and service sector classified by the level of
technology used (manufacturing sector) and the level
of sophistication of knowledge required for rendering
services (service sector). Eurostat recognizes four sub-
groups of industries within the manufacturing sector:
high-technology (high tech), medium high-technol-
ogy (med-high), medium low-technology (med-low),
and low-technology (low tech). Eurostat distinguishes
industries within the service sector to those industries
that require a high level of knowledge and expertise
in servicing (knowledge-intensive services) and other
services.

Total factor productivity of subsectors that dif-
fer in technological advancement of manufacturing
industries (manufacturing sector) and the level of
knowledge and expertise required in servicing servic-
es (service sector), as categorized based on Eurostat
distribution of industries (Table 3) has been calculat-
ed in a similar fashion as the sectoral TFP. The results
of aggregation at the level of sectors and subsectors
obtained by applying formula (6) are presented in
Section 5.

Variable Observations Mean Std. Dev Min Max
Ln (y;) 5,930 11.06 1.93 -0.08 17.83
Ln (k) 5,930 10.65 231 -0.08 17.39
Ln (m;) 5,930 9.99 2.14 1.52 17.94
Ln (1;;) 5,930 1.36 1.19 -0.95 6.59
Table 2. Descriptive statistics, services
Variable Observations Mean Std. Dev Min Max
Ln (y;e) 36,413 11.24 1.92 -0.08 19.05
Ln (ki) 36,413 10.24 243 -0.08 19.43
Ln (m;) 36,413 8.64 2.15 -0.08 16.88
Ln (1;;) 36,413 1.14 1.12 -0.95 7.61
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Table 3. Classification of industries in the manufacturing and service sectors

Manufacturing sector

Service sector

High-technology

21 - Manufacture of basic pharmaceutical products and pharmaceutical
preparations

26 - Manufacture of computer, electronic and optical products

30.3 - Manufacture of air and spacecraft and related machinery

High-tech knowledge-intensive services
50 - Water transport

51 - Air transport

58 - Publishing activities

59 - Motion picture, video and television

Medium-high-technology

20 - Manufacture of chemicals and chemical products
25.4 - Manufacture of weapons and ammunition

27 - Manufacture of electrical equipment

28 - Manufacture of machinery and equipment n.e.c.

air and spacecraft and related machinery

Medium-low-technology

18 - Printing and reproduction of recorded media

19 - Manufacture of coke and refined petroleum products
22 - Manufacture of rubber and plastic products

23 - Manufacture of other non-metallic mineral products
24 - Manufacture of basic metals

30.1 - Building of ships and boats
33 - Repair and installation of machinery and equipment

Low-technology

10 - Manufacture of food products

11 - Manufacture of beverages

12 - Manufacture of tobacco products

13 - Manufacture of textiles

14 - Manufacture of wearing apparel

15 - Manufacture of leather and related products

furniture
17 - Manufacture of paper and paper products

duction of recorded media
31 - Manufacture of furniture

struments and supplies

29 - Manufacture of motor vehicles, trailers and semi-trailers
30 - Manufacture of other transport equipment excluding 30.3 mnf of

32.5 - Manufacture of medical and dental instruments and supplies

25 - Manufacture of fabricated metal products, except machinery and
equipment excluding 25.4 Manufacturing of weapons and ammunition

16 - Manufacture of wood and of products of wood and cork, except

18 - Printing and reproduction of recorded media excluding 18.2 repro-

32 - Other manufacturing excluding 32.5 mnf of medical and dental in-

programme production, sound recording
and music publishing activities

60 - Programming and broadcasting
activities

61 - Telecommunications

62 - Computer programming, consultancy
and related activities

63 - Information service activities

64 - Financial service activities, except in-
surance and pension funding

66 - Activities auxiliary to financial services
and insurance activities

69 - Legal and accounting activities

70 — Activities of head offices; management
consultancy activities

71 - Architectural and engineering activi-
ties; technical testing and analysis

72 - Scientific research and development
73 - Advertising and market research

Other services

45 - Wholesale and retail trade; repair of
motor vehicles and motorcycles

46 - Wholesale trade, except of motor vehi-
cles and motorcycles

47 - Retail trade, except of motor vehicles
and motorcycles

49 - Land transport and transport via
pipelines

52 - Warehousing and support activities for
transportation

53 - Postal and courier activities

55 - Accommodation

56 - Food and beverage service activities
68 - Real estate activities

Source: EurostatViii and Vujanovic (2018)

5. RESULTS

Figure 1 shows the average weighted total factor
productivity (technological efficiency) in the manufac-
turing sector (black line), but also in the subsectors of
manufacturing industries that differ in the degree of
technological equipping: high-tech, med-high, med-
low, and low-tech industries (see Table 1). These are
industries whose production processes require high
technological equipment (orange line), medium-high
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technological equipment (grey line), medium-low
technological equipment (yellow line), and low-
technological equipment (blue line). It is clear that
the manufacturing sector underwent technological
changes in the period between the two economic cri-
ses - the financial crisis in 2008/2009 and the COVID 19
pandemic in 2020, although at a lower rate.
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Figure 1. Technological efficiency in the manufacturing sector (2010-2019)
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There is an obvious upward trend in the total fac-
tor productivity in the manufacturing sector (black
line). The upward trend was particularly pronounced
in 2013, which can be considered the beginning of the
recovery of Montenegro's economy from the financial
crisis (see Figure 3A on GDP growth rates, Appendix).
This growth trend was somewhat weaker over the pe-
riod from 2014 until 2019. Namely, there was practi-
cally a stagnation in technological efficiency of manu-
facturing from 2014 until 2018, with the momentum
picking up again in 2019. Over the years, technologi-
cal efficiency of different subsectors has changed. The
results indicate that in the immediate aftermath of
the financial crisis, technological efficiency of the four
sub-sectors were very diverse, yet with similar values

\/\//\/——%

2015 2016 2017 2018 2019

med-high med-low e |ow-tech

in the years preceding the COVID 19 pandemic.

Figure 1 shows that higher-tech industries (orange
and grey line) had higher technological efficiency. The
most pronounced growth in total factor productivity
was of the medium-low tech-industries (yellow line),
which before 2013 had visibly lower values than the
average sectoral efficiency (black line), only to regain
momentum as of 2013. However, in 2019, growth of
technological efficiency of the manufacturing sector
occurred due to the growth of total factor productiv-
ity primarily of high-tech industries, and to a lesser ex-
tent due to the growth of medium-high and low-tech
industries, while medium-low tech-industries record-
ed a decline in technological efficiency in 2019.

A similar figure of weighted average sectoral

Figure 2. Technological efficiency in the service sector (2010-2019)
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technological efficiency (Figure 2) is given for the ser-
vice sector (black line), as well as for sub-sectors re-
quiring a high level of knowledge and expertise (or-
ange line) and other services (grey line).

Technological efficiency of the service sector was
also on slightly upward trend until 2018, when the
level of technological efficiency started to decrease
(black line). Figure 2 shows that the trend and value
of the average total factor productivity of the service
sector were mostly driven by other (less knowledge
intensive) services (grey line). Knowledge intensive
services have a lower level of technological efficiency,
without a pronounced growing trend. These trends
in knowledge intensive activities were, according to
data, mostly driven by activities in telecommunication
industry, legal and accounting activities and manage-
ment consultancy activities that take up significant
share of total employment in knowledge intensive in-
dustries (45% in 2019).

It can be concluded that technological efficiency
(total factor productivity) was on an upward trend
during the period 2010-2019 in both analysed sec-
tors. However, this trend was more pronounced in the
manufacturing sector, possibly due to the different na-
ture of the production process. Manufacturing indus-
tries with a strong growth of total factor productivity
are medium-low tech sectors, and in the recent past,
high to high-medium tech sectors. According to data,
this is predominantly due to the rise of production in
manufacturing of fabricated metal products and in
the industry of repair and installation of machinery
and equipment that take up more than 35% of total
employment in med-low tech sector during the 2017
— 2019 period. On the other hand, service industries
have maintained a fairly similar level of technological
efficiency between the two economic crises, regard-
less of the period of digitalization that is expected
to increase technology growth in the service sector
(Wang et al. 2016).

The results of the research are not surprising.
UNIDO (2018) report shows that there was a sig-
nificant increase in manufacturing value added in
Montenegro over the 2010 - 2015 period. The manu-
factured exports per capita increased by 15% from
2010 to 2015. Export performance has been tradition-
ally recognised as a channel for technological upgrade
(Schoors and Van Der Tol, 2002). Exporters usually
have technology that meets international standards
and markets, which often is not the case for domes-
tic-oriented firms. This can partially explain the rise of
the technological efficiency in the manufacturing in-
dustry over this period (see Figure 1). Indicators of ex-
port performance and technological deepening were
stagnant in later periods (2015-2017), as identified by
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UNIDO (2020). Figure 1 shows a clear stagnation in
technological efficiency between 2015 and 2019.

On the European Commission’s innovation score-
board, Montenegro is classified in the group of mod-
est innovators, which ranks it among the weakest
innovation markets in Europe (European Comission
2020). Although not directly related to technological
growth, innovation is an important factor in advanc-
ing technologies (Vujanovic, 2018). Therefore, there is
a lot of room for economic policy makers to improve
technological efficiency. On the other hand, the pe-
riod after the financial and economic crisis has been
marked by restrictive credit policies. As noted, loans
are an important source of funding for technology ad-
vancement in transition countries. It is possible that
this factor also influences the weaker upward trends
in technological development of the two sectors.

6. CONCLUSION AND POLICY IMPLICATIONS

The twenty-first century indicates that economic
growth has been increasingly relying on the growth
of technologies and/or better efficiency in the use of
production inputs. The crisis caused by the COVID-19
pandemic just further confirmed the importance
of technologies that facilitate the manufacturing of
products and the rendering of services in the event
of negative macroeconomic shocks affecting both
supply and demand side. In this sense, industries that
have a greater degree of accessibility to technologies
in production have a better chance of functioning
smoothly in the event of a similar economic crisis.

This study, therefore, provides insight into the tech-
nological trends in the two most important economic
sectors in Montenegro, manufacturing sector and the
service sector in the period 2010-2019, between the
two global economic crises. First, the dynamic panel
model is applied to the data from the financial state-
ments to obtain technological efficiency of individual
firm. Then, the weighted average technological ef-
ficiency in the industry and the weighted average
technological efficiency of the sector of economy are
calculated.

The results of the study indicate that the manufac-
turing sector recorded a slight uptrend in technologi-
cal efficiency in the period between the two global
economic crises. During the observed ten-year period,
the highest growth was recorded by med-low sectors.
However, last year we also saw technological growth
in high-tech manufacturing sector.

On the other hand, the study indicates that there
is much room for technology advancement, particu-
larly in service industries. The service sector has not
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recorded any noteworthy upward trend in techno-
logical efficiency, and maybe it is safe to say that it
was practically stagnant over the past ten years. The
industries that make up the service sector are primar-
ily those that do not require much knowledge and ex-
pertise in service rendering. Therefore, it is necessary
to change the structure of the service sector, primarily
in favour of industries that require greater knowledge
and expertise in service provision. Industries that re-
quire more knowledge in service provision such as IT,
telecommunications, scientific research and develop-
ment, financial and other service industries have a lot
of room for further technological advancement.

It could be concluded that digitalization of
Montenegro's economy has not yet gained momen-
tum and economic policies have a wide spectrum of
encouraging resources, primarily human capital and
knowledge resources, all with the aim of improving
technology. Knowledge and human capital are key
to the advancement of technologies, but also to their
application. In this regard, it is necessary to continu-
ously invest in higher education, but also in attracting
domestic and foreign professionals in industries with
prospects of further technological growth, namely
high-tech manufacturing industries and knowledge-
intensive service industries. This would prevent fur-
ther brain drain.

Montenegro was also assessed as moderate in-
novator by the European Commission (European
Innovation Scoreboard 2020). Innovation is an impor-
tant factor in technological advancement. Therefore,
incentives for research and development, innovation
(especially innovation in new production processes)
in the form of subsidies and tax reliefs should be in-
creased, as well as further investment in education
and training of employees in the field of high tech-
nologies. It is necessary to attract foreign direct in-
vestments in high-tech manufacturing sectors as well
as in service industries that require high knowledge
and expertise, and also to encourage their export
potential. This will indirectly increase the knowledge
and technological advancement of these industries
through the adoption of modern technological prac-
tices of multinational companies and foreign markets
practices. Also, it is necessary to network local sup-
pliers with foreign companies since research indicate
that their cooperation improves technologies of com-
panies in domestic supply chains.

The Ministry of Science of Montenegro has made
several important steps in the past few years by pro-
posing two reform laws in the field of innovation
and technological development that were adopted
in 2020. These laws provide a wide range of tax ben-
efits for IT startups and a significant reduction in
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contributions (of 50%) for the employment of workers
in innovative activities. This is also expected to attract
foreign direct investments. Adequate application of
the given laws should have a significant impact on fur-
ther technological advancement.

The construction of the first Science and
Technology Park (STP) is under way and its task will be
to network the scientific research potential with tech-
nology-oriented firms with high growth potential.
Establishment of innovation labs, accelerators and in-
cubators in the future may further improve innovation
systems because, just like STP, they facilitate coopera-
tion between engeneers, enteprenours ans scientists
(UNCTAD 2021). The transfer of knowledge from the
academy to the economy should be in focus as it can
further enhance technological development in the
coming period. The Government incentives through
the regulation of the legal framework and the estab-
lishment of the aforesaid park provide a framework for
further improvement of production technology in se-
lected industries in the coming period, which should
be the topic of future research.

Nevertheless, improving technological efficiency is
a long-term investment that requires significant fixed
costs. This implies that greater financial resources are
needed to increase technological efficiency, and in
transition economies these are often provided from
external sources. Increasing lending to the economy
can also encourage the improvement of technological
efficiency, especially in high-tech industries.

*¥%

Athough analysing technological trends over the
ten-year period, this study lacks the evidence on tech-
nological growth in the time when the economy was
hit by the negative macroeconomic shocks caused by
the global financial crisis and COVID 19. Even though,
Montenegro experienced negative GDP growth in
2012, there is no strong evidence in this study indicat-
ing that the pattern of technological trend was much
affected. Future studies should, in their period of
study, include the years of negative macroeconomic
shocks, and fill in this gap.
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From this point onward, (total factor) produc-
tivity and technological efficiency are used
interchangeably as they represent the same
phenomenon (concept). The changing levels of
technological efficiency/total factor productivity
are referred as technological trends

Source: Central Bank of Montenegro internal
data for January-June 2020

Research generally indicate that economies
whose domestic entrepreneurs are suppliers to
foreign firms benefited from the knowledge of
foreign firms in the early transition period, but
not if foreign firms were competitive (in this
case, many entrepreneurs lost part of their mar-
kets, which has negatively affected investments
in technologies).

Mathematically:
E (i llie Liey Mg Lig—1,Kig—1, Mig—1, o Lin ki, My ) = 0

E(Wie|Wig—1,, - Wi1) = E(Wie|wi—q); t=2,3,...T

Every year the Tax Administration forwards
financial statements of business entities to the
Central Bank of Montenegro.

See Table 1a and 2a in the Appendix, for more
information on the loss of observation through
data cleaning.

Source: https://ec.europa.eu/eurostat/
statistics-explained/index.php/Glossary:High-
tech_classification_of_ manufactur-
ing_industries and https://ec.europa.eu/
eurostat/statistics-explained/index.php/
Glossary:Knowledge-intensive_services_(KIS)
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APPENDIX

1.A OLLEY & PAKES (1996), LEVINSOHN & PETRIN (2003), ACKERBERG ET AL. (2006)
METHODS OF PRODUCTIVITY ESTIMATION

Olley & Pakes (1996) - OP approximate productiv-
ity with the level of investment, assuming that there
is a strict positive correlation between investment and
productivity and that this relationship is monotoni-
cally increasing. Therefore, they express the produc-
tivity w;; as a function of investments i;; and capital
kit (Wie=g (ij¢, kir))-

Levinsohn & Petrin (2003) - LP believe that the OP
method is not an adequate method as investments
are highly volatile and as such cannot approximate
productivity w;; which, essentially, has a more pre-
dictable trend. Therefore, the assumption of a mono-
tonically increasing relationship between productivity
and investment is not justified. LP suggest that the
costs for raw materials in production (electricity, fuel,
and the like) which values are available in the finan-
cial statements are used to approximate productivity
w;. Therefore, they express productivity as follows:
wir=g (m;¢, ki), where m;; represents the cost of raw
materials in production. Both methods, OP and LP,
have great similarities and rely on the strict monoto-
nicity assumption. These methods estimate the Cobb
Douglas function (2) in two steps. In the first step, the
coefficient of capital elasticity (f;) is estimated, while

in the second step, the coefficient of labour force elas-
ticity (5, )is estimated.

Ackerberg et al. (2006) - ACF consider that OP and
LP methods are not reliable because the monotonic-
ity assumption is not realistic in any case. Additionally,
the ACF indicate that the assumption about the timing
of the decision on labour force is important. Namely,
if the decision on labour force is made at the same
time when the decision on investments and purchase
of raw materials is made, then the problem of endo-
geneity is neither solved by OP nor LP methods. The
ACF propose an additional assumption on the timing
of making decision to purchase raw materials, labour
force, and the capital.

The Wooldridge (2009) method is the last in a series
that attempts to address the endogeneities caused by
the correlation of labour input I;; and productivity w;.
As indicated, it derives from previous methods, cor-
recting their shortcomings, and in this sense is the
most advanced. Wooldridge criticizes that the two
steps (characterised by the OP, LP, and ACF methods)
in estimation of equation (2) are correlated and that
they have the problem of heteroskedasticity and au-
tocorrelation, and are therefore unreliable.

Table 1a. Number of manufacturing firms during 2010-2019 period, before and after cleaning

Before data cleaning

year | No. of firms Percent ~ Cum.
2010 929 85 850
2011 | 1,134 10.37 18.87
2012 | 1,026 9.39 28.26
2013 | 1,435 13.13 41.38
2014 | 1,459 13.35 54.73
2015 | 1,229 11.24 65.97
2016 | 1,810 16.56 82.53
2017 | 1,910 17.47 100.00
. Total| 10932 10000

After data cleaning

year | No. of firms Percent Cum.
2010 602 1015 1015
2011 | 650 10.96 21.1
2012 | 570 9.61 30.73
2013 | 779 13.14 43.86
2014 | 752 12.68 56.54
2015 | 660 11.13 67.67
2016 | 954 16.09 83.76
2017 | 963 16.24 100.00
‘Total | 5930 10000
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Table 2a. Number of service firms during 2010-2019 period, before and after cleaning

Before data cleaning After data cleaning

year | No. of firms Percent Cum. year | No. of firms Percent Cum.
2010 6714 879 879 | 2010 3714 1020 1020 |
2011 | 8,190 10.72 19.51 2011 | 4,068 11.17 21.37
2012 | 7,204 943 28.94 2012 | 3,628 9.96 31.33
2013 | 9,744 12.75 41.69 2013 | 4,492 12.34 43.67
2014 | 9,532 12.48 54.17 2014 | 4,397 12.08 55.75
2015 | 8,403 11.00 65.17 2015 | 3,980 10.93 66.68
2016 | 12,844 16.81 81.98 2016 | 5,919 16.26 82.93
2017 | 13,767 18.02 100.00 2017 | 6,215 17.07 100.00

. Total | 76398 10000 | Total| 36413 10000

Figure 3a. 2010-2019 GDP growth rate, Montenegro
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