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Abstract

In our days research and development (R&D) increases in im-
portance in all sectors of the economy. Recognizing the decisive
role in boosting economic competitiveness and productivity of
R&D, in March 2002 the European Council decided on increas-
ing R&D expenditure to 3% of GDP in order to bridge the gap
between the EU and its major competitors like the United States
and Japan. By passing a law on R&D and innovation, and in-
troducing a compulsory innovation contribution for companies,
Hungary has taken important steps towards this objective. Yet,
having reached halftime, the proposed goal seems extremely re-
mote. In this study I will investigate the composition and evolu-
tion from the regime change to our days of the Hungarian R&D
potential, including the number of research units, research in-
tensity and R&D expenditure as a percentage of GDP. By means
of time-series analysis models I will reveal the Hungarian R&D
trends of the past 15 years and also predict the feasibility of
achieving the EU objective. Towards the end of my study I will
investigate the evolution and composition of “down-to-earth”
results of the Hungarian R&D activity and suggest index num-
bers for comparison and to measure the results.
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1 Introduction

At present research and development (R&D) increases in im-
portance in all sectors of the economy. The government, enter-
prises and public opinion take a growing interest in this topic.
Recognizing the decisive role in boosting economic competi-
tiveness and productivity of R&D, in March 2002 the European
Council decided to increase R&D expenditure to 3% of GDP
in order to bridge the gap between the EU and its major com-
petitors like the United States and Japan. By passing a law
on research and development and innovation, and introducing
a compulsory innovation contribution for companies, Hungary
has taken important steps towards this objective. Yet, having
reached half way, the proposed goal seems extremely remote.

In this study I will investigate the composition and evolution
from the regime change to our days of the Hungarian research
and development potential, including the number of research
units, research intensity and R&D expenditure as a percentage
of GDP. By means of time-series analysis models I will reveal
the Hungarian R&D trends of the past 15 years and also predict
the feasibility of achieving the EU objective. At the same time I
will use advanced statistical methods to analyse the correlation
between the components of the R&D potential and the index
numbers of the national economy. Towards the end of my study
I will investigate the evolution and composition of “down-to-
earth” results of the Hungarian research and development activ-
ity, and suggest index numbers for comparison and to measure
the results.

2 Evolution of the Hungarian research and develop-

ment potential from the regime change to our days

Before the analysis of the Hungarian research and develop-
ment trends, I find it necessary to define exactly what the key-
word of my study, research and development means. Research
and development is the term for all creative activities which aim
to increase the stock of knowledge, including knowledge of na-
ture, humanity, culture and society and the use of this stock of
knowledge to devise new applications (Hungarian Central Sta-
tistical Office (KSH), 2004, p. 9.).

I will deal with the main components of research and devel-
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opment potential: the number of research units, staff number in
R&D units and R&D expenditure. These factors illustrate ac-
curately the research and development efficiency of a national
economy. Furthermore, statistical yearbooks provide objective
and numerical data about them.

Research and development does not end in itself. The new
stock of knowledge manifests itself in scientific publications and
patents. In the last quarter of this chapter I will treat in detail the
alternatives of the measurement of these results.

2.1 Number of research and development units

One of the important indicators characterizing the research &
development potential and performance of national economies is
the total number of those institutes, enterprises and other places
which do basic and applied research and applied development in
an effective way. The diagram in Fig. 1 describes the trend of
total number of R&D units from 1990 to 2005 in Hungary.

In the first half decade (1990-1996) after the change of the po-
litical regime in Hungary the number of R&D units was in secu-
lar stagnation. There were some 1 250-1 500 R&D units during
this period. The second half of the 1990s saw a powerful growth
of R&D activities, which resulted in some 60% increase in the
number of R&D units during the next 5 years (1996-2001). But
this quick growth came to a sudden halt in 2000, and during the
next 3 years (2001-2004) the growth of activities did not reach
10%. Between 2004 and 2005 the number of R&D units did not
only fail to increase, but started to decrease slowly by 1%.

In order to make a precise prediction of the number of R&D
units I used the analytic trend calculation method from math-

statistical time series analysis'

. Among the tested trend func-
tions a logistic one has proved far the best, due to its strong
“explanatory power” (52=2 859.69)

Based on the analytical trend function the number of R&D
units converges to 2 630, namely, according to my estimation
this number was 2 593 in 2006, it is 2 608 in 2007 and it will
be 2 617 in 2008. The application of linear (53:15 409.10) and
cubic models (§3=5 337.28) for calculations results in a good
approximation, however in my opinion the former model under-
estimates and the latter overestimates the increase in the number
of R&D units.

An additional conclusion was drawn, in connection with the
units strongly involved in the extension of knowledge, from my
investigation of the composition and evolution of R&D units of
higher education, enterprise and R&D institutes. These results
can be seen in Table 1.

The largest segment of R&D units (in 2005 62.2%) can be
found at higher education”. The rate of increase of these units

! The analytic trend calculation was carried out with Solver extension pack
for Microsoft Office 2003.

2 According to the KSH definition R&D units of higher education are uni-
versities, colleges and their departments, clinics and laboratories.

has been balanced since 1990, but their proportion is slowly de-
creasing. R&D units of enterprises have been gaining more and
more ground (29.8% in 2005). The evolution in this field ap-
pears even more obvious if we take into account that the propor-
tion of R&D units of enterprises was 13.9% in 1990, and during
the last one and a half decades their number has increased by a
factor of 4.3. The number and proportion of R&D institutes and
other research units have been stagnating in the last 15 years.

2.2 Staff number in research and development units

Another important index for characterizing the R&D potential
is the calculated staff number in R&D units>. These employees
are scientists and engineers, technicians, and R&D assistants di-
rectly promoting research and development with their work, as
well as other manual and non-manual workers, providing for
working conditions (KSH, 2006. p. 367.).

The number of R&D persons was dramatically cut in the early
1990s. During this period (1990-1996) their number approxi-
mately halved from 36 384 to 19 776. Since then there has not
been considerable change in the data. The index of research in-
tensity, which is the ratio of R&D employees to the total number
of employees in a national economy, has had a similar character
during the last one and a half decades. After a gradual decrease
(from 0.75% to 0.54%) in the early 1990s the research-intensity
index has been stagnant. Furthermore, the correlation between
the number of R&D persons and national employment figures
has a positive and strong character — which is also indicated by
the value of the correlation coefficient* (r=0.98).

Attempting to balance the numbers of R&D persons I used
different trend functions. The linear model — although it has a
very poor matching (§§=15 005 732.57) — was able to demon-
strate the negative tendency in the evolution of the number of
R&D persons. Using a cubic model (§e2=740 311.94) I managed
to prove this tendency statistically as well. For further optimiza-
tion the quintic model (§Z=558 845.32) was used because the
cubic model seems to underestimate the evolution of the num-
ber of R&D persons.

Based on the observable stagnation of the staff number in
R&D units in the last few years and on the prognosis of the
quintic trend function I came to the conclusion that no signifi-
cant change can be expected in the data in the near future. My
estimation is that the probable total calculated staff number in
R&D units will be around 19-22 thousand, with the present ten-
dency of gradual decrease continuing in the next two years. Ad-
ditionally, I estimate a 0.6% research-intensity index, assuming
that there will be no dramatic change in the national employment
figures.

3 The actual staff number converted to full-time employees, i.e. staff number
weighted by the ratio of time spent with actual research and development to the
total number of working hours (KSH, 2006. p. 367.).

4 To characterize the correlation I used Pearson’s linear correlation coeffi-

ot — __COV(x,y) _ 2dxdy _ Xd?
cient: r = TROETIOR where cov(x, y) = o var(x) = ===, and
d A
var(y) = Z” Y (Hunyadi — Vita, 2002. p. 588., 589.)
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Fig. 1. Total number of research and development units and the logistic trend function. Source: compiled by author from KSH

Tab. 1. Total number of research and development units

Year R&D institutes, R&D units of higher R&D units of enterprises Total number of R&D
other research units education units
1990 142 11.3% 940 74.8% 174 13.9% 1256 100.0%
1991 133 10.6% 1000 79.6% 124 9.9% 1257 100.0%
1992 118 9.2% 1071 83.2% 98 7.6% 1287 100.0%
1993 124 9.0% 1078 78.1% 178 12.9% 1380 100.0%
1994 112 8.0% 1106 78.9% 183 13.1% 1401 100.0%
1995 107 7.4% 1109 76.9% 226 15.7% 1442 100.0%
1996 121 8.3% 1120 76.7% 220 15.1% 1461 100.0%
1997 131 7.8% 1302 77.5% 246 14.7% 1679 100.0%
1998 132 7.7% 1335 77.4% 258 15.0% 1725 100.0%
1999 130 6.9% 1363 72.2% 394 20.9% 1887 100.0%
2000 121 6.0% 1421 70.3% 478 23.7% 2020 100.0%
2001 133 5.7% 1574 67.4% 630 27.0% 2337 100.0%
2002 143 5.9% 1613 66.5% 670 27.6% 2426 100.0%
2003 168 6.8% 1628 65.9% 674 27.3% 2470 100.0%
2004 175 6.9% 1697 66.8% 669 26.3% 2541 100.0%
2005 201 8.0% 1566 62.2% 749 29.8% 2516 100.0%

Source: compiled by author from KSH
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Fig. 2. Total calculated staff number in R&D units and the quintic trend function. Source: compiled by author from KSH
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Table 2 represents the evolution of the staff number in R&D
units of higher education, enterprises and R&D institutes be-
tween 1990 and 2005. I came to a few further conclusions by
investigating the composition of the total calculated staff num-
ber.

The distribution of R&D persons is approximately uniform
among the R&D units of higher education, enterprises and R&D
institutes. The R&D units of higher education, the R&D units
of enterprises and the R&D institutes represent 35.3%, 31.8%
and 32.9% respectively of the total staff number. From these
figures and from the previously mentioned inner ratios of the
R&D units, one can conclude that the average staff number in
R&D units of higher education is far behind the average staff
number of R&D units of enterprises, which in turn is exceeded
by the average staff number of R&D institutes and other re-
search units exclusively involved in research and development.
The estimated value of the concentration index of R&D units
(L=34.3%) represents a weak-medium level of concentration in
terms of staff number.

2.3 R&D expenditure

One of the most important figures in the statistics of research
and development as a creative activity, beside the number of
R&D units and the calculated staff number, is the sum of the cur-
rent and capital expenditures from domestic and foreign sources.
The European Union, including Hungary, has decided to in-
crease R&D expenditure to 3% of GDP by 2010 Fig. 3 below
shows the evolution of the total R&D expenditure between 1990
and 2005.

In the early and middle 1990s Hungary’s total R&D expendi-
ture was around 35-45 billion HUF per year, aggregating 0.67-
1.08% of the country’s GDP calculated at the current rate. Af-
ter the turning-point in 1996 — in close relation with the rate of
growth of the GDP — R&D expenditures started to increase un-
steadily. The strength and direction of the connection can read-
ily be characterized by Pearson’s linear correlation coefficient
(r=0.98). However, the rate of growth of the sum of current and
capital expenditures could not exceed the rate of growth of the
GDP, thus the rate of the R&D expenditures in GDP remained
between 0.74 and 1.00%.

I made the statistical fitting of the time series of the R&D
expenditures increasing year by year with three alternatives.
Although the fits of both the linear (53:475 562 932.16) and
the exponential (522:154 344 381.52) functions are acceptable,
I used the following cubic model for forecasting. This trend-
function is actually the “golden mean” between the linear and
the exponential functions, and that is confirmed by its index of
fit (52=96 423 194.84).

According to the prognosis made by the cubic model, the total
R&D expenditure was around 260 billion HUF in 2006, and it
will be 300 billion HUF in 2007 and 350 billion HUF in 2008. If
the GDP’s rate of growth continues, the rate of R&D expenditure
as a percentage of GDP is excepted to stay under 1.00%.

The largest part of the R&D expenditure is coming from the
current expenditure, but investment also costs several billions.
Table 3 shows the evolution of the volume of current R&D ex-
penditures and investments, as well as their percentage in the
total expenditures.

After a stagnation in the early 1990s (21-39 billion
HUF/year), R&D current expenditure started to increase steadily
in the middle of the decade. In 9 years (1996-2005) the yearly
volume of R&D costs increased 4.3 times. However during
the whole period the proportion of current expenditure was un-
changed, giving 75-85% of the R&D expenditure. In the last 16
years capital expenditures have followed nearly the same trend.
Stagnation is seen in the early 1990s, then a 6-fold increase from
1996.

Further important questions in the analysis of R&D expendi-
ture are as follows: how are they divided among the different
R&D units, and what are their sources and what are they used
for?

In 2005, nearly 45% of the total R&D expenditure was used
by R&D units of enterprise, with the number of these units be-
ing only one third of the all R&D units and complement. The
research institutes expended 29%, while the higher education
sector — with the most R&D units and largest complement —
expended hardly more than a quarter of the expenditure. The
R&D units of the tertiary education segment have the smallest
budget for research and development, an average of 33 million
HUF/year, while the research institutes and the R&D units of
enterprises have a budget of 290 million HUF and 120 million
HUF per year respectively.

Regarding the financial sources, near half of the expenditure
is coming from state budget. A further 40% is coming from the
enterprises’ own budget or from other enterprises that they have
a contract with, or from support. The sum from international
organizations through order, support, aid or tender give 10% of
the expenditure. (There is also some national support, but its
percentage is less than 0.5%.)

In 2005 nearly 60% of total R&D expenditure was expended
on research. Within this, the resources were used nearly in the
same proportion for basic and applied research. For experimen-
tal development 40% of the expenditure were used.

2.4 Results of research and development and the methods

of its measurement

The Hungarian statistical practice uses the quantitative data
of scientific publications and patents to measure the results of
the research and development units. Scientific publications are
books, chapters, articles in Hungarian or foreign scientific jour-
nals and accepted theses in Hungarian or foreign language writ-
ten by employees of research institutes. Patents are all indus-
trially applicable inventions based on new invent activity (KSH,
2004, p. 21-22.).

The number of scientific publications has not changed for five
years (2000-2005), staying around 36-40 thousand each year.
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Tab. 2. Total calculated staff number in R&D units

Year R&D institutes, R&D units of higher  R&D units of enterprises  Total calculated staff Research
other research units education number in R&D units intensity
1990 14 524 39.9% 8843 24.3% 13017 35.8% 36 384 100.0% 0.75%
1991 11909 40.5% 8458 28.8% 9 030 30.7% 29 397 100.0% 0.65%
1992 10235 42.3% 7917 32.7% 6 040 25.0% 24192 100.0% 0.59%
1993 9164 40.5% 7776 34.4% 5669 25.1% 22 609 100.0% 0.59%
1994 8343 37.9% 7611 34.6% 6 054 27.5% 22 008 100.0% 0.59%
1995 7739 39.5% 6310 32.2% 5536 28.3% 19 585 100.0% 0.53%
1996 9080 45.9% 6 558 33.2% 4138 20.9% 19 776 100.0% 0.54%
1997 8866 42.7% 7210 34.7% 4682 22.6% 20 758 100.0% 0.57%
1998 7815 38.5% 7 561 37.2% 4939 24.3% 20 315 100.0% 0.55%
1999 7978 37.4% 7 452 34.9% 5899 27.7% 21 329 100.0% 0.56%
2000 8204 34.9% 8859 37.6% 6471 27.5% 23 534 100.0% 0.61%
2001 7 766 33.9% 8 397 36.6% 6779 29.5% 22 942 100.0% 0.59%
2002 7979 33.7% 8528 36.0% 7196 30.4% 23 703 100.0% 0.61%
2003 7859 33.7% 8272 35.5% 7180 30.8% 23 311 100.0% 0.59%
2004 7595 33.3% 8 527 37.4% 6 704 29.4% 22 826 100.0% 0.59%
2005 7652 32.9% 8194 35.3% 7 393 31.8% 23 239 100.0% 0.60%

Source: compiled by author from KSH
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Fig. 3. Total R&D expenditure and the cubic trend function. Source: compiled by author from KSH
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Tab. 3. Total R&D expenditure

R&D

Year R&D current expenditure, Capital expenditure, Total R&D expenditure, expenditure as
million HUF million HUF million HUF a percentage
as of GDP

1990 21164 62.8% 3317 9.8% 33725 100.0% 1.61%
1991 21191 78.2% 2209 8.2% 27 103 100.0% 1.08%
1992 23 044 72.9% 3359 10.6% 31632 100.0% 1.07%
1993 25012 70.9% 3593 10.2% 35253 100.0% 0.99%
1994 31 311 77.7% 4 680 11.6% 40 289 100.0% 0.92%
1995 35030 82.8% 4712 11.1% 42 310 100.0% 0.75%
1996 39 041 84.8% 5332 11.6% 46 027 100.0% 0.67%
1997 49 044 771% 8 141 12.8% 63 591 100.0% 0.74%
1998 56 240 79.0% 11 380 16.0% 71186 100.0% 0.71%
1999 61 467 78.6% 12711 16.3% 78 188 100.0% 0.69%
2000 81 356 77.2% 18 152 17.2% 105 388 100.0% 0.80%
2001 105 230 74.8% 23727 16.9% 140 605 100.0% 0.92%
2002 134 166 78.2% 26 125 15.2% 171 470 100.0% 1.00%
2003 138523 78.8% 28 106 16.0% 175773 100.0% 0.93%
2004 147708 81.4% 25188 13.9% 181 525 100.0% 0.88%
2005 167924 80.8% 32197 15.5% 207 764 100.0% 0.94%

Source: compiled by author from KSH

12-14 percent of these publications were books in Hungarian
or foreign language, the other 86-88 percent being articles in
scientific journals. Patents show a different trend, namely the
number of patent applications has dramatically decreased in the
last years. While between 2000 and 2003 the Hungarian Patent
Office (MSZH) filed 5 thousand patent applications a year, this
number has reduced to 2.7 thousand in 2004 and only 1.3 thou-
sand in 2005 (MSZH, 2006, p. 31.).

2.4.1 Technological Activity Index

There are multi-component index numbers to measure the re-
sults of research and development units whereof I will introduce
the Technological Activity Index (TAI). This is the first com-
ponent of the Innovation Capability Index (UNICI) developed
by the United Nations Conference on Trade and Development
(UNCTAD). This index number includes the following compo-
nents with equal weights:

— R&D personnel per million population
— United States patents granted per million population

— Scientific publications per million population (UNCTAD,
2005, p. 113.)

The prime advantage of the Technological Activity Index is that
we can draw international comparisons from it. However, inter-
preting this index number is extremely difficult, because it aver-
ages population deflated values of factors measured in different
units.

2.4.2 R&D activity indices
To measure the “down-to-earth” results of research and devel-
opment units I have developed a much easier renderable method.

This statistical method contains two index numbers: a raw and
a pure index number.

2.4.2.1. Raw index number

The raw index number of R&D activity shows the weighted
sum of scientific publications and patent applications per popu-
lation in a given year. The concrete value can be calculated with
the following formula.

n m
ZWPW - Pu; +ZWPa-/ . Paj
J

PPE = - 100 1)
E
E — Employment
Paj —  Number of the j-type patents
PPE - Raw index number of R&D activity
(Publications and Patents per Employment)
Pu; —  Number of the i-type publication
Wpa;, — Weight of the j-type patent
Wpu, — Weight of the i-type publication

In my opinion weighting is necessary because writing an
article, a chapter, a book, bringing out a conference publication
or filing a patent application indicates different research and
development activity.

2.4.2.2. Pure index number

The pure index of R&D activity divides the weighted sum of
scientific publications and patents by the total staff number in
R&D units. Its formula varies from that of the raw index only in
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the denominator.

n m
2 Wey; - Pui+ > Wpq; - Pa
j

1

PPP = - 100 2)
P
P — R&D personnel
Paj —  Number of the j-type patents
PPP  — Pure index number of R&D activity
(Publications and Patents per Personnel)
Pu; —  Number of the i-type publication
Wha, Weight of the j-type patent
Wpy, Weight of the i-type publication

It is easy to see that the quotient of my R&D activity index
numbers will give the research intensity, which is the ratio of the
number of R&D personnel among the employed.

(The most important advantage of the R&D activity indices,
in contrast with quantitative data and multicomponent indicators
is that they can quantify the “down-to-earth” results of the R&D
activity, differentiate between various publications and patents,
they can be calculated simply and quickly and they are easily
renderable.)

In my analysis of the Hungarian research and development
activity I calculated the concrete values of the raw and pure in-
dex numbers between 2000 and 2005. I summarized the results
in the following Table 4.

Tab. 4. Raw and pure index number of R&D activity

Year Papers Books Patents PPE PPP Research
intensity
2000 32985 4278 4883 1.09 179.09 0.61%
2001 34197 4393 5 451 1.14 19197 0.59%
2002 35422 4906 5906 119 195.06 0.61%
2003 34595 4859 4810 1.13 189.88 0.59%
2004 31527 4972 2 657 1.00 171.54 0.59%
2005 33412 4745 1275 1.01 169.68 0.60%

Source: compiled by author from KSH

The evolution of the Hungarian R&D activity showed a curve-
like tendency at the start of the new millennium. The indices of
the activity were increasing gradually from 2000 to 2002 (PPE:
from 1.09 to 1.19; PPP: from 179 to 195). After that the R&D
activity decreased below the initial level during the same length
of time (PPE: from 1.19 to 1.00; PPP: from 195 to 170). Be-
tween 2004 and 2005 there was no change in the Hungarian
R&D activity.

3 Conclusion and recommendation
Finally I briefly summarize and conclude the results obtained
from my studies in connection with R&D activities in Hungary.

1 In the first 5 years after the political changes the number of
R&D units stagnated. After that, a period of progressive in-
crease was followed by a regressive period in the past few
years. This tendency can be perfectly described by logistic

trend functions. According to my prognosis the increasing
trend will continue but with a decreasing rate.

2 The number of R&D persons dropped dramatically in the
mid 1990s and it has practically remained unchanged since
then. The same is valid for the research intensity index, which
shows the ratio of the number of R&D persons to the total
number of employees. In my analysis I proved that there

is a close and statistically significant correlation between the

number of R&D persons and the total number of employees.

3 Similarly to R&D units, R&D expenditure in Hungary started
to grow progressively from the mid 1990s. However, the EU
recommendation that R&D expenditure has to reach 3% of
the GDP by 2010 seems impossible to fulfil. The correlation
between the expenditures and the GDP is also strong and sta-
tistically significant.

4 In Hungarian statistical practice natural units are used for
measuring the efficiency of R&D activities, but international
literature also applies complex parameters such as the Tech-
nological Activity Index introduced by UNCTAD.

5 On the other hand I recommend the application of the raw
R&D activity index (PPE) for measuring scientific publica-
tions, patents and other R&D results on the level of the na-
tional economy. This index enables comparative investigation
in time and space.

6 I recommend that the pure R&D activity index (PPP) should
be applied for the characterization of R&D persons’ scientific
activity. Both above mentioned indices are easy to calculate
and interpret, and they perfectly describe the subjects under
investigation.
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