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Identification of the Technology Frontier

Abstract

The subject of this study is the innovation market. To 
understand the laws of its functioning, this article 
introduces the concept of a technology frontier. 

This is understood as the relative productivity of labor 
(relative to the technological leader – the United States), 
the achievement of which makes it justified for developing 
economies to move from large-scale borrowing of foreign 
new technologies to their development within the country. 
The purpose of the article is to determine the specified 
frontier for which a simple econometric model based on 
international statistics for 61 countries is proposed. The 
modeling methodology extends Schumpeterian ideas about 
two innovative stages: the creation and dissemination of 
technologies. The technology frontier is interpreted as the 
point of intersection of the curve of specific costs for the 
purchase of technologies abroad with the curve of costs for 
their development and creation within the country. It is 

assumed that both types of costs depend upon the relative 
labor productivity. The share of R&D costs in GDP was used 
as a proxy variable for technology creation costs and the 
ratio of the balance of payments for intellectual property to 
GDP was used as a proxy variable for borrowing costs. To 
improve upon the accuracy of the calculations, countries 
were clustered into two groups: advanced, for which 
the technology frontier has been crossed and their own 
developments of new technologies prevail, and developing, 
for which the problem of the technology frontier remains 
important. Estimates have shown that the current value 
of the technology frontier is in the region of 70% of labor 
productivity in the United States. The comparison with 
previous estimates shows that this value tends to increase, 
which creates additional difficulties for the transition of 
catching-up countries from borrowing to creating new 
technologies.
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Introduction
In terms of technological development level, coun-
tries can be divided into leaders (the core) and 
followers (the periphery and semi-periphery). To 
reduce technological lag, a mix of new technol-
ogy development (innovation) or borrowing (imita-
tion) strategies can be used, in various proportions. 
Despite the seeming “simplicity” of the imitation 
approach, only a few of the countries that opted for 
this model managed to come closer to the leaders.
Many factors hinder the implementation of an effec-
tive innovation policy. One of them is the difficulty 
of defining the technological frontier (TF) — a criti-
cal point (reflecting relative labor productivity com-
pared with a leader country) beyond which it would 
make sense to move from borrowing foreign technol-
ogies to developing domestic ones. Underestimating 
this factor leads to a situation where, if the coun-
try’s development level has exceeded the TF but the 
national strategy remains focused on technology 
borrowing, the economy falls into a trap and fur-
ther progress is hindered [Dementyev, 2006]. And 
vice versa, trying to implement major research and 
development (R&D) projects while the national 
economy remains significantly below the TF leads 
to pointless expenditures due to the lack of demand 
for advanced production technologies.
The goal of this paper is to develop an algorithm for 
identifying the TF on the basis of international sta-
tistics. Taking this parameter into account provides 
significant advantages, since it allows one to deter-
mine the moment for switching from an imitation to 
an innovation strategy in a timely manner.

The Technological Frontier Concept
In the economic literature, the TF concept emerged 
in the framework of endogenous economic growth 
theories. It is closely related to the concept of ag-
gregate or total factor productivity (TFP). This term 
(occasionally the term “Solow residual” is used in its 
stead) implies estimating the technological progress 
in an economy as the difference in the weighted 
growth rates of output and other production factors 
[Solow, 1956]. In the canonical models, the latter in-
clude labor and physical capital, while more sophis-
ticated variations add human resources, quality of 
institutions, infrastructure, and so on. The classical 
Solow model comprises prerequisites such as a con-
stant economy of scale, perfect competition condi-
tions, and companies operating at the limit of their 
production capabilities.
Various “frontier-based” methods to assess techno-
logical progress have been proposed to eliminate 
these factors: non-parametric envelope methods 
(linear programming) [Farrell, 1957] and stochas-
tic production  frontier models (panel data) [Aigner 
et al., 1977]. Both these approaches are focused 
on assessing technological progress on the basis of 

modeling the production frontier by identifying the 
highest productivity of the technological factor. In a 
number of studies, the frontier is called “technologi-
cal” [Caselli et al., 2006]. However, this understand-
ing of TF implies taking into account the techno-
logical capabilities of the economy, i.e., it involves 
an extended understanding of the concept in ques-
tion. Such an interpretation is rather complicated, 
since it requires one to consider a set of the most ef-
ficient production methods available under certain 
conditions (for a company, industry, or country) 
[Sato, 1974]. Furthermore, in English this concept 
has a double meaning. “Frontier” technology means 
a technology that can radically transform the estab-
lished economic or social processes. These include, 
for example, renewable energy, artificial intelligence, 
electric vehicles, and so on [UNCTAD, 2018]. The 
totality of such technologies available on the market 
define the technology frontier as a limit of techno-
logical capabilities.
The extended interpretation of TF identifies it with 
the technological factor in the broadest sense of the 
word, while in natural sciences and engineering 
TF has a narrower meaning: it is a threshold value 
(e.g. temperature) at which the observed object or 
process fundamentally change their properties (e.g. 
melting point). This understanding is increasingly 
used by economists who model companies’ or coun-
tries’ behavior when they move on from investing in 
buying foreign technologies (imitation) to conduct-
ing their own R&D (innovation).
Attempts to model organizations’ behavior when 
they change their investment mode have been made 
since the 1960s [Scherer, 1967; Baldwin, Childs, 
1969]. Initially the cost-based approach was used: 
expenditures on procuring technology (imitation) 
were seen as advantageous due to their quick pay-
back period. However, as the company loses its 
market share, the profits generated by applying the 
newly acquired technology rapidly diminish. On the 
other hand, the costs associated with in-house de-
velopment are less attractive in the short term, but 
in the longer run they turn out to be more than jus-
tified. Thus, taking into account the market specif-
ics, companies always face a choice: imitate innova-
tions or create them.
This approach looks promising but becomes more 
complicated due to the need to assess alternative ef-
fects over time. Subsequently it was applied at the 
macro-level. A model was developed which con-
siders the industry as a competitive arena for in-
novator and imitator companies and describes the 
impact of corporate strategies on economic growth 
and the effectiveness of government R&D subsidies 
[Segerstrom, 1991]. Still later, dividing countries 
into technological leaders and followers allowed for 
identifying policies that helped each group achieve 
the highest growth rate [Sala-i-Martin, Barro, 1995]. 
A dichotomy was introduced for the technological 
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regime not just of companies (countries), but also 
numerous other market players, which became the 
basis for subsequent empirical research. Though the 
term TF was not directly mentioned in these publi-
cations, they prepared the ground for its new under-
standing.
A simple rule was formulated: disruptive innova-
tions (i.e. those reaching the TF) become profitable 
when the return on technological advances increases 
and the scale of innovation exceeds the R&D costs 
[Paulson Gjerde et al., 2002]. Initially this rule was 
applied to individual companies, but it can be eas-
ily applied to industries and countries. A basic pat-
tern was revealed: less developed economies tend 
to choose the imitation path, while more advanced 
ones adopt innovation strategies. The distance from 
the global TF is a measure of an economy’s maturity 
[Acemoglu et al., 2003, 2006]. Obviously, the switch 
occurs relatively smoothly when both methods of 
technological development can coexist. The closer a 
country gets to the TF, the more complex the tech-
nologies it borrows become, while the importance 
of domestic innovations based on human capital 
and national S&T groundwork increases [Acemoglu, 
1997]. Innovations emerge in industries (economies) 
which belong in the “frontier” zone or are close to 
it; the need for technology borrowing increases the 
farther a national economy is from the global TF 
level [Cincera, van Pottelsberghe, 2001; Polterovich, 
2009]. Thus, the idea of a mixed strategy was sug-
gested, when borrowing new technologies and de-
veloping them take place at the same time and the 
growth is evident in increased innovation activity.
In general, the extended interpretation of TF is due 
to the accelerated pace of technological change it-
self. For example, the commercialization of one of 
the “frontier” technologies can significantly shift 
the TF the world over. There is a fundamental dif-
ference between innovation “for oneself ” imple-
mented by, among other things, borrowing technol-
ogies and a real innovation for the market. Sales of 
the latter mean recognition by consumers, which to 
a certain extent “pushes” the TF [Yasin, Snegovaya, 
2018]. Therefore, the extended interpretation of TF 
is more abstract and more difficult to verify, while 
it meaningfully explains companies’ and countries’ 
development paths and serves as an element in the 
system applied to plan further progress.

TF Quantification Practices
Let us consider certain approaches to identifying 
the TF.
1. Defining TF as TFP in traditional production func-
tions [Bessonova, 2007]: ,

where
Y is total output; 
K is capital; 

L is labor; 
α is elasticity; 
A is total factor productivity interpreted as TF. 
The authors would like to remind the reader that 
more complex and realistic modifications are de-
veloped by introducing additional factors or disag-
gregating the basic components (e.g. breaking labor 
down into skilled and unskilled) [Caselli et al., 2006]. 
The main advantage of this approach is the possi-
bility of introducing two TF types: 1) the distance 
between the country and its notional limit, i.e.,  the 
maximum attainable productivity, and 2) the dis-
tance between the country’s notional limit and the 
global TF [Filippetti, Peyrache, 2017]. The second 
approach has proven its usefulness in explaining 
the economic growth rate considering the country’s 
technological lag [Battisti et al., 2018; Rabe, 2016]. 
It focuses on the economy’s abstract marginal tech-
nological potential expressed in dimensionless units.
2. Defining TF as the ratio of labor productivity in 
the economy under consideration to that in a lead-
ing country (typically the US) taking into account 
purchasing power parity [Aghion et al., 2005] allows 
one to see this value as a dividing line between the 
imitation and innovation behavior modes. The TF 
value is often introduced into equations containing 
other macroeconomic variables such as value added, 
R&D expenditures, intermediate products costs, etc. 
A similar scheme is applied at the micro-level, with 
the only difference being that one or several com-
peting companies are introduced into the equation 
system to calculate profit margins associated with 
choosing the innovation mode, while the TF turns 
out to be equal to the highest productivity among 
all companies [Benhabib et al., 2017]. Thus, in these 
studies the very TF concept is essentially replaced 
by the relative labor productivity indicator. As a re-
sult, the distance to the technological leader is con-
sidered, but strictly speaking, the point of switching 
from borrowing innovations to creating them is not 
identified.
Whereas the country- or industry-level empirical 
data is usually collected by national statistical of-
fices, sociological studies are conducted to estimate 
the TFs for individual companies. For example, a 
survey of Spanish businesses allowed for modeling 
the impact of the technological gap between com-
panies and the leading firm based on their choice of 
innovation creation or borrowing; the TF was meas-
ured as TFP [Gombau, Segarra, 2011]. A similar sur-
vey was conducted in African countries, but the TF 
was not considered in the context of imitation ver-
sus innovation [Cirera et al., 2017]. Case studies of 
Portuguese enterprises revealed the impact of struc-
tural reforms on changing the distance from the TF 
[Gouveia et al., 2017]. There is a study assessing the 
efficiency of R&D expenditures depending on one’s 
proximity to the TF based on a survey of about 550 
companies with the highest R&D expenditures in 
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the world [Andrade et al., 2018]. The above indi-
cates that a not very transparent construct (i.e., rela-
tive TFP) was applied as TF here too. Plus, measur-
ing the TF is relatively simple: the calculations again 
boil down to calculating the gap between the maxi-
mum (frontier) and actual TFP value for numerous 
market participants.
3. Identifying the TF on the basis of qualitative com-
pany surveys. This approach is based on a closed-
ended question (with multiple answer options to 
choose from) about the estimated level of technolo-
gies applied by the company (more advanced com-
pared to competitors, about the same, or inferior) 
[Alder, 2010]. In particular, it was used in the 2002-
2008 World Bank study covering more than 9,000 
enterprises.1 Another variant of the question was 
used in a survey of Korean companies: “What is the 
purpose of applying innovations?” The provided 
answer options allowed one to classify the respond-
ents’ technological strategies: opening new markets 
(companies at the TF level), increasing market share 
or diversifying one’s product line (followers), or 
changing product design (outsiders) [No, Seo, 2014]. 
The weakness of this approach is due to the fact 
that surveys are conducted rarely, their results are 
not internationally comparable, and companies are 
grouped using non-representative samples.
4. Indirect assessment of the TF based on Tobin’s Q ra-
tio (the ratio of the company assets’ market value to 
their replacement value) [Coad, 2008]. Up-to-date 
stock market data allows for identifying changes in 
companies’ behavior patterns depending on their 
performance. However, an increase in Tobin’s Q ra-
tio is not always caused by the firm’s increased tech-
nological level.
Thus, each of the “digitization” methods described 
in the international literature has its strengths and 
weaknesses depending on the context of the analysis. 
In Russia the term “technological frontier” is applied 
purely descriptively. No examples of its quantitative 
interpretation and, therefore, inclusion in macroeco-
nomic models, have been found. In the scope of the 
most promising approach to understanding TF, a the-
ory of the shift from borrowing technologies to de-
veloping them has been proposed [Polterovich, Tonis, 
2005]. TF was interpreted as the relative labor pro-
ductivity (compared with the US), exceeding which 
makes the country’s own R&D products economical-
ly viable. Two econometric relationships were iden-
tified that describe the costs of imitation and inno-
vation, which in our previous work [Balatsky, 2012] 
were used to directly calculate the TF. The funda-
mental possibility of a simple analytical solution to a 
similar problem was demonstrated. To the best of our 
knowledge, no other attempts to quantify TF (accord-
ing to the modern understanding of it as the point of 

shifting from one behavior to another) were made in 
Russia. At the same time, the initial data in the afore-
mentioned study was very generalized and required 
substantial refinements. Thus, the TF problem by its 
very nature implies the need for more subtle meth-
odological approaches. For example, the question 
about how universal TF is, spatially and temporally, 
remains open. In particular, it is unclear how much 
the TF differs across groups of nations at different 
economic development levels and in which direction 
it drifts over time. The subsequent constructs are in-
tended to answer these questions.

A Theoretical Innovation Market Model
Continuing the logic presented in [Polterovich, 
Tonis, 2005; Balatsky, 2012], we will consider two 
sides of the innovation market. There are two pos-
sible interpretations of market interactions: at the 
micro- (costs), and macro-economic (market) lev-
els. The microeconomic level was addressed in the 
aforementioned studies and is more traditional.
Let S be the country’s unit costs of buying on the 
open technology market (royalty balance) and D 
its R&D expenditures. The main assumption is that 
these costs are functions of labor productivity P. It 
would be reasonable to believe that as the country’s 
technological level increases (relative labor produc-
tivity, typically compared to the notional leader, the 
US), its unit R&D costs decrease, while productiv-
ity growth leads to increased expenditures on tech-
nology borrowing due to the need to buy ever more 
advanced and expensive technologies. In this case, 
the choice of national innovation strategy can be 
described by a generalized function of unit costs W 
which combines the two types of expenditures with 
the weight coefficient ζ:

                                                       (1) 
Optimizing combination (1) by the weight coeffi-
cient results in the simplest condition:

                                                                             (2)
Thus, the optimum is achieved when the two-unit 
cost types are equal. A rational national strategy 
does not imply choosing the right proportion be-
tween these two types of costs and implementing a 
mixed approach. On the contrary, it entails following 
a simple rule: if D>S, then dW/dζ<0, and the coun-
try mainly uses its own R&D products. Otherwise, 
the strategy to follow is massive technology borrow-
ing. In practice a mixed strategy is usually applied, 
with the clear dominance of one cost type. For us, 
the abovementioned moment when one of the “pure” 
innovation strategies prevails is important.

1 https://www.enterprisesurveys.org/en/enterprisesurveys, accessed on: 21.06.2021.
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For simplicity, along with many previous studies we 
will assume that cost dependencies are described by 
the simplest linear labor productivity functions:

                                  (3)
                                  (4)

where α, α*, β and β* are parameters.
Then the equilibrium labor productivity value P* 
with S=D becomes the desired TF:

                                    (5)
According to the second interpretation (the market 
or macro-economic one), equation (3) describes the 
demand for technological know-how, while equa-
tion (4) describes the supply of technological in-
novations. Here it would be reasonable to assume 
that demand (the economy’s need for innovations) 
decreases with the growth of labor productivity, 
while the supply (the ability to generate royalties) 
increases. Then equilibrium on the royalty market is 
achieved when supply and demand are equal, which 
determines the TF (5).
Despite its relative simplicity, the proposed innova-
tion market model yields meaningful and verifiable 
results. Let us consider the possibility of its econo-
metric verification, for which it is sufficient to con-
struct regressions of equations (3) and (4).

Methodology of the Study
Initial data
The applied calculations to identify the TF are based 
on statistical data from the World Development 
Indicators database2 for 1996-2017 (22 observa-
tions). The following variables were used:
•	 P is the relative labor productivity (GDP per 

worker employed in the economy)3;
•	D is internal R&D expenditures as a share of 

GDP (proxy variable for innovation unit costs);
•	C is fixed capital investments as a share of GDP 

(gross fixed capital formation);
•	 S is the ratio of revenues (from technology ex-

ports) and payments for intellectual property 
(technology imports) as a share of GDP (proxy 
variable for technology borrowing unit costs).

The choice of proxy variables was based on the pop-
ular practice of modeling companies’ or national 
economies’ innovation (R&D expenditures) and 
imitation (procurement of off-the-shelf technolo-
gies) strategies [Schewe, 1996; Slivko, Theilen, 2014]. 
All indicators in the range under consideration were 
processed using the geometric mean method except 
S, to which the arithmetic mean principle was ap-

plied due to the negative values. Sixty-one econo-
mies were included in the final statistical sample, for 
which data was available for at least 11 observations 
of each variable. Missing values were reconstructed 
as the average of the two adjacent points. In several 
cases the averaging out was performed over an in-
complete time series. Accordingly, econometric de-
pendences were built on the basis of a spatial sam-
ple, since analyzing panel data was not suitable for 
identifying the overall dependence of specific peri-
ods with the subsequent comparison of the TFs over 
time. In addition, the high volatility of S was noted 
over long time ranges. All variables except for the 
share of investments in fixed assets were subjected 
to standard normalization x: xn=(x–xvin)/(xmax–xmin), 
for the whole sample or for the relevant cluster.

Clustering economies
To make sure the calculations are correct, it must 
first be determined which economies should be 
considered for TF identification as well as those 
for which this objective would be meaningless. For 
this purpose, the initial array of countries was clus-
tered to subsequently build specific regression de-
pendences for the resulting groups. Obviously, de-
pendences will turn out to be different for country 
clusters with different development levels. Using a 
single model for the entire sample would likely yield 
overestimated or underestimated results. The mod-
els previously applied for a single array of countries 
[Polterovich, Tonis, 2005] were refined here. We 
have also used the most recent data, which adjusted 
the previous estimates.
Clustering amounts to breaking economies down 
into advanced and catching-up ones. A two-step 
procedure was applied for this purpose. At the first 
stage, machine methods were used for the initial 
identification of several groups of countries. In most 
cases single, full, and average connections and cen-
troids were calculated to determine the distance be-
tween the clusters, using the Ward method (ward.D). 
The centroid technique demonstrates the greatest 
correlation with other instruments, while the Ward 
method identifies uniqueness. All approaches ex-
cept the last one produced one disproportionately 
large cluster and several small ones. This result was 
unsatisfactory, since too small samples do not al-
low for building statistically significant regressions. 
Nevertheless, at this stage a primary pattern could 
be observed: whatever grouping method was used, 
the first echelon mainly included countries whose 
R&D expenditures as a share in GDP exceeded 1.5%. 
The preliminary clustering produced two groups 
of countries, primarily based on the R&D expendi-
tures value. We were unable to build any significant 
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regressions for these clusters, despite the obvious re-
lationship between the variables.
At the second stage the machine clustering was cali-
brated by three sequential operations: sorting the 
economies by the D indicator value in descending 
order, calculating the correlation coefficients be-
tween D and P (a sequential assessment of the cor-
relation for the top two, three, four, etc. countries), 
finding threshold points where the correlation coef-
ficient’s sign changes, and “humps” signaling chang-
es in the strength of the correlation (Figure 1). Figure 
1 shows the distribution of countries by the nature 
of the relationship between indicators D and P with 
the exception of South Korea. Accordingly, all coun-
tries with values higher than the Czech Republic’s 
were included in the first cluster, since starting from 
it the correlation coefficient becomes less than 0.2 
in modulus (which indicates a relatively weak con-
nection). Interestingly, 16 out of 18 countries in the 
first cluster were included there by the machine 
method. Breaking the group of catching-up coun-
tries down into sub-clusters did not yield a positive 
result. Moreover, an additional manual calibration 
of the second cluster using sliding correlation coef-
ficients showed that the parameter D was not pivotal 
for it and neither was S. However, sorting the second 
cluster by the indicator P did produce a positive re-
sult, albeit without an explicit sinusoid as in the first 
cluster. The final number of countries included in 
the second cluster was 43.

Empirical Identification of the 
Technological Frontier
The initial hypothesis for subsequent calculations 
was the premise that different country clusters 
would have different TF values. The final test of the 
proposed hypothesis and the validity of clustering 
the economies comprised building two econometric 
dependences. If models can be built for each clus-
ter,  would have good statistical characteristics, and 
yield consistent results, we can assume the clusters 
were identified correctly. Otherwise, the clustering 
should be considered invalid and different proce-
dures applied to perform it. Differences in the TF 
values across clusters should confirm the heteroge-
neity of this parameter for the global economy. For 
the first cluster (which includes advanced countries) 
the following pair of econometric relationships was 
obtained:

                                   6)

N=18; R2=0.157; BP=2.18 (significance point 0.14); 
GQ=0.18 (0.99).

                                 (7)
N=18; R2=0.236; BP=0.01 (0.96); GQ=3.29 (0.07).

The resulting models (6) and (7) have satisfactory 
statistical characteristics. The β coefficient in model 
(6) is significant at an 11% level, which is acceptable 
for the sample with values averaged out for a long 
interval. The absence of heteroscedasticity was veri-
fied using the Brousch-Pagan (BP) and Goldfeld-
Quandt (GQ) tests, with satisfactory results for both 
models. A more thorough verification of models 
(5)-(6) was not carried out since its results were 
used for the applied calculations of a “virtual” TF 
which is of an auxiliary nature (see below).
Given the average value of investments’ share in 
GDP for the first group of countries at 22.6%, the 
calculation of TF for models (6) and (7) yielded 
the value P*=108.2%, which is outside the accept-
able range. In other words, econometric calculations 
confirmed that for the advanced economies cluster, 
the TF problem is meaningless, while the TF itself 
becomes “virtual”. This fact requires a comment 
from the point of view of the structure of models 
(6) and (7). In a conventional situation two effects 
normally tend to occur: R&D learning (β<0) and 
the growth of borrowed technologies’ costs (β*>0). 
However, for advanced countries, the latter effect 
was inversed (β*<0), which has a rather transparent 
interpretation: for countries supplying innovations 
to the market, technologies become even more ac-
cessible and cheap due to labor productivity growth. 
Thus, for leader countries both the supply and de-
mand curves become decreasing. They intersect be-
yond the 100% point since along the entire abscissa 
axis the unit costs of creating new technologies do-
mestically for these countries remain lower than the 
unit costs of foreign equipment (Figure 2).
For the second cluster (catching-up countries), the 
following econometric relationships were identified:

                               (8)
N=43; R2=0.448; BP=0.31 (0.86); GQ=0.33 (0.99); 
Chow=1.01 (0.40).

                                (9)
N=43; R2=0.087; BP=1.27 (0.26); GQ=2.75 (0.02), 
BPwt=1.51 (0.47); Chow=1.84 (0.17).
The constructed models (8) and (9) also have satis-
factory statistical characteristics. The β* coefficient in 
model (9) is significant at a 6% level, which essen-
tially does not reduce the reliability of the obtained 
estimates. One of the tests revealed signs of hetero-
scedasticity in model (9), but an additional White’s 
test (BPwt) indicates its absence. The second cluster 
models have been verified using the Chow test; sat-
isfactory results were obtained for both equations, 
which indicates the calculated dependences are stable.
Since for the second group of countries the invest-
ments’ share in GDP is 21.8%, the TF calculation for 
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models (8) and (9) yielded the value Р*=71.7%. That 
is, for the “catching-up” countries, the TF identifi-
cation problem is highly relevant. In their case the 
learning and increased cost effects are classic, while 
the supply and demand curves (8) and (9) are multi-
directional (Figure 3). Furthermore, the resulting 
value implies that developing economies face a se-
rious innovation barrier. Accordingly, before start-
ing to implement R&D projects they will have to 
achieve labor productivity of at least two-thirds of 
the US level, among other things by borrowing and 
applying foreign technologies. Only then would 
launching national initiatives to develop domestic 
innovations would make sense.
There are two interesting and unexpected aspects 
about the obtained results.
The first is increase in the TF over time. In our pre-
vious work [Balatsky, 2012], the TF was “roughly” 
estimated at 61.5%, while the above “fresher” calcu-
lations resulted in a value of 71.7%, i.e., 10 pp more. 
If we do not write the resulting discrepancies off to 
the nuances of the algorithms applied to obtain the 
two estimates, it can be assumed that switching to 
an active innovation policy is harder for “late start” 
countries. The “borrowing trap” becomes increas-
ingly deeper and stronger: belated economies are 
forced to keep using foreign technologies for a long 
time. To break out of this trap one must not just re-
duce the gap with the leader but come very close to 
them in terms of labor productivity.
The second factor (which decreases the TF value) 
is investment activity. Calculations show that an in-
crease in fixed asset investment from 21% to 30% 
allows one to reduce the TF from 71.7% to 47.5%. 

Therefore, the technology borrowing trap does not 
look fatal. If catching-up countries want to over-
come it, they must deliberately abandon the con-
sumer mindset for a while in favor of high invest-
ment activity. The USSR, South Korea, and China 
pursued similar strategies in their time. Otherwise, 
the catching-up period can last indefinitely.

Successful and Unsuccessful Strategies to 
Overcome the TF
Taking TF into account is very important for catch-
ing-up countries since it helps them avoid two types 
of mistakes: insufficient innovation activity in rela-
tion to overall economic potential and its premature 
build-up in the absence of an adequate basis. Delays 
in creating a national innovation system when the 
necessary technological prerequisites are in place 
would be just as disastrous as attempts to set one up 
in the absence of a solid economic foundation. Many 
countries have experience of mistakes and achieve-
ments in this field. Below the contrasting roles of TF 
in innovation policy are illustrated using the exam-
ples of South Korea, China, and Russia.

China
Back in the 1980s the archaic Chinese economy could 
not claim a decent technological level. Local busi-
nesses started by imitating and slightly improving 
foreign products [Yip, McKern, 2016]. Later a policy 
of integrating Chinese companies into transnational 
ICT value chains was introduced. Cooperation with 
Intel, Google, and MediaTek created the prerequi-
sites for major technological diffusion and promot-

Figure 1. Sliding Correlation Coefficients between Indicators D and P
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ed the emergence of domestic enterprises produc-
ing high-tech products under Chinese brands. Since 
2004, they have created innovations and stepped up 
R&D [König et al., 2018]; the domestic generation 
of new technologies has become a systemic process. 
Since the TF has not yet been reached, innovation 
has not become large-scale. However, the steady 
growth of R&D expenditures as a share of GDP 
helps the country to confidently progress towards 
this mark (Table 1). The imitation strategy supple-
mented by domestic innovations yielded impressive 
results: in 2018, nine Chinese companies specializ-
ing in advanced industries have joined the world’s 
top 100 in terms of R&D expenditures.4

South Korea
South Korea’s technological development path can be 
notionally divided into four stages [El Fakir, 2008]. 
During the first two the country actively acquired 
foreign technologies. In 1962-1982 more than 2,000 
purchase contracts were completed, whose total val-
ue amounted to almost half of all direct investments 
made during that period [Suh, Chen Derek, 2007]. 
Protectionist measures to support local corporations 
(chaebols) were also seen as acceptable [Lee et al., 
1996]. At the third stage (1980–1990s), the transition 
to innovations began. As a result, the amount of inter-
nal R&D increased and high-tech companies emerged. 
The fourth stage (which began in the late 1990s) is 
characterized by a cluster approach to managing the 
development of national industry and supporting cor-
porations — world leaders. To this end, the country 
was divided into zones corresponding to their core in-

dustries; innovation is promoted taking into account 
the specific characteristics of each zone [Kim, 2008]. 
Currently South Korea is close to the TF (Table 1) and 
has radically increased internal R&D expenditures. In 
2018 four Korean companies were among the global 
leaders in terms of their R&D spending.5

Thus, thanks to a consistent innovation policy, 
South Korea and China have moved from borrow-
ing foreign technologies to creating innovations in a 
limited number of prospective industries (high-tech 
clusters). The factor of maturity is being taken into 
account: being aware that the TF has not yet been 
overcome, neither government has striven to cover 
the entire high technology market.

Russia
Since the beginning of major economic reforms in 
1992 Russia has adopted numerous strategic docu-
ments aimed at promoting innovation. However, 
no real progress has been made in stepping up the 
technological level of production. Possible reasons 
include specific macroeconomic conditions, market 
structure, and corporate governance, i.e. an insti-
tutional system which does not meet the require-
ments for innovation-based development [Gokhberg, 
Kuznetsova, 2009] and excessive reliance on state 
corporations [Simachev et al., 2014]. In our opinion, 
the main factor explaining the failure of all plans to 
create a high-tech sector were the attempts to “leap-
frog” the imitation stage straight into innovation de-
velopment. As a result, Russia was unable to notice-
ably improve its global position in labor productivity 
and remains far removed from the TF (Table 1).
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In addition, numerous internal and external innova-
tions turned out to be unwanted by Russian business-
es: the companies needed simple but more productive 
technologies, while the developers offered sophisti-
cated and untested solutions. This inconsistent policy 
has led to stagnation in R&D expenditures and the 
absence of global leaders among national high-tech 
companies. In the 2018 ranking of companies – the 
largest R&D spenders – only Gazprom was includ-
ed (448th place). Without focusing on the tactical 
mistakes of the national innovation policy, it would 
hardly be an exaggeration to say that the main prob-
lem with modernizing the economy is the absence 
of internal and external mechanisms for techno-
logical dissemination. Even the practices of success-
ful domestic enterprises are still not being adopted 
by companies specializing in similar areas. External 
borrowing mechanisms are not fully mature and their 
application is significantly hindered by international 
sanctions.

Discussion of Results
The interpretation of TF and the algorithm for its 
quantitative assessment presented above contribute 
to the set of useful analytical tools applied in eco-
nomics. Taking this indicator into account provides a 
number of advantages. Identifying the TF allows one 
to very accurately determine the “club” a particular 
country belongs to. If the actual relative labor pro-
ductivity is much lower than the TF, we are talking 
about a technologically backward economy; other-
wise, an economy it can be classified as a leader. The 
hypothesis that for technologically advanced coun-
tries the very concept of TF as a threshold value is 
meaningless since they have already reached the in-
novation development stage was confirmed. On the 
contrary, for catching-up economies, the TF very 
much remains important for determining their place 
in the global system.
Understanding a country’s position in relation to the 
TF allows one to determine which type of technology 
policy should be the priority: borrowing innovations 
or creating them. The country examples given in the 
previous section show that taking this into account 
helps shape an adequate technology policy and ac-
celerate economic modernization. At the same time, 
ignoring the existing technological barrier leads to 
the disorientation of the authorities, unbalanced re-
search and production strategy, chaotic experimenta-
tion with various innovation promotion institutions, 
and setting incorrect priorities for funding and or-
ganizing production.
A number of features do not allow for using the TF 
automatically, in a standardized way. Its content and 
identification algorithm require careful handling. 
TF assessments cannot be seen as absolute since the 
econometric apparatus, despite its potential, does not 
guarantee the high accuracy of such a complex indi-

cator. In our opinion the actual TF value lies within 
the ± 3 pp range from the identified one.
The TF we have defined is macroeconomic in nature. 
At the same time, in many countries including Russia 
labor productivity in different industries can vary 
drastically, and individual companies’ performance 
in the same industry in different regions – by even 
more dramatic measures [Balatsky, Ekimova, 2020]. 
Therefore, a TF macro-estimate provides only a gen-
eral benchmark for shaping technology policy for the 
economy. Sectoral and regional analyses will allow 
one to identify the zones where it would make more 
sense to borrow technologies or create them on one’s 
own. Ideally, the TF should be identified for each in-
dustry individually, to ensure the source data is com-
parable. However, at present there is no statistical ba-
sis for this, so one could at least follow a general rule 
regarding the critical TFP value.
The proposed theoretical structure is extremely sim-
plified, so it uses “pure” strategies: borrowing new 
technologies vs developing them. In reality, many 
countries adopt mixed strategies, when in certain 
more backward economic segments the borrowing 
mode is applied while in others one’s own innova-
tions are developed, which by definition disproves as-
sumptions regarding the binary nature of economic 
and technological policies. Thus, the TF indicates 
the dominant modernization model, while breaking 
zones down into two modes is the prerogative of a 
more thorough analysis of the national economy and 
its technological level.
Even an extremely correct identification of the TF for 
the entire economy or a particular sector does not 
tell exactly which mechanisms should be applied for 
borrowing or creating innovations. Designing such 
tools seems to be an art and depends upon the com-
petency level of the government authorities. In other 
words, the TF allows for helping one understand how 
technological progress should be made at a qualita-
tive level: mainly by imitating or creating one’s own 
innovations.

Year China Souch Korea Russia
1975 n/a 9.4* n/a
1985 1.5* 16.5* n/a
1992 4.1 37.8 43.9
1995 5.5 43.4 35.8
2000 7.0 48.2 34.1
2005 9.9 51.0 39.4
2010 15.6 57.3 43.4
2015 21.7 59.3 45.2
2017 24.5 61.4 46.0
* Not counting PPP.
Source: author.

Таble 1. Labor Productivity in Selected  
Countries Relative to the US Level (PPP), %
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The above allows the authors to suggest a thesis about 
the suitability of using the TF concept in Russian in-
novation policy, taking into account the previously 
noted nuances and limitations. At the same time our 
calculations show that the borrowing of new technol-
ogies was extremely ineffective in Russia. Distance to 
the TF and the rate of approaching it can be used as 
effectiveness criteria. Thus in 2017 South Korea was 
just 10 pp away from the TF, while Russia was more 
than 25. South Korea’s rate of advancing towards the 
TF in 1992-2017 was 11.2 times higher than Russia’s. 
In recent years the situation in Russia has improved, 
but it is still far from being perfect (Table 1). The 
above criteria were even more striking in manufac-
turing industries, where labor productivity in Russia 
in relation to the US was 16.7% and in South Korea — 
71.2% (the TF level!).6 This state of affairs is also con-
firmed by the rate of industrial robots procurement: 
according to the International Federation of Robotics, 
the density of industrial robots in South Korea in 
2018 was 774 units (per 10,000 employed), and in 
Russia only five.7

The country’s official documents on S&T develop-
ment do not set the objective of organizing a systemic, 
planned borrowing of foreign technologies and the 
application of domestic ones. Meanwhile this is what 
TF identification is focused on. Here Russia has an 
underutilized regulatory reserve for modernizing the 
economy and potential for the fruitful application of 
the new indicator.8

Conclusion
The presented constructs show that the Schumpeterian 
analysis of the innovative sphere still remains con-

structive and can produce new interesting results. 
Applying the TF concept in its narrow interpreta-
tion as the threshold TFP value allows one to signifi-
cantly advance Schumpeter’s concept about the two 
technological development phases: imitation (bor-
rowing) and innovation (creation) of technologies 
[Schumpeter, 1964]. For catching-up economies in-
cluding Russia, an effective transition from one devel-
opment phase to the other implies observing specific 
laws and conditions. One of them is that the develop-
ing country must reach the TF; failure to follow this 
principle leads to inefficient expenditures and hin-
ders development.
Despite the simplicity of the TF concept, in practice it 
can be unintentionally breached for various reasons. 
After the collapse of the USSR and the loss of its in-
dustrial potential, Russia moved into the catching-up 
category but due to institutional inertia, no effective 
mechanisms for large-scale technology borrowing 
have been created over the past three decades. The 
country is not unique in this respect: many nations 
are trying to gain independence and international 
credence by promoting their R&D sector despite the 
national economy’s inadequate technological level. 
This group of countries seems to include Pakistan, 
Iran, and Nigeria. Such strategies not only obstruct 
development, but also provoke various economic im-
balances and social tensions.

This paper was prepared in the framework of the state assign-
ment by the Government of the Russian Federation to the 
Financial University for 2021 on the topic “Technological, struc-
tural, and social factors of long-term economic growth”. The au-
thor would like to express their sincere gratitude to the anony-
mous reviewers for helpful comments on the manuscript.
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