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Throughout large global databases, such as OECD, UNDP, ITU, Eurostat, World Bank, and Statistical offices of
countries, there are many indicators that refer to Technology and Innovation Management (TIM) performance
of countries. However, a question arises of how to classify and systematically analyze these indicators in terms
of measuring, monitoring and enhancing TIM performance at a national level. More specifically, in this paper we
pose a question of how to assess the government performance in TIM, as one aspect of the Triple Helix model.
Therefore, we use a model of thirty-nine indicators which are classified according to three main management
functions: planning, organizing and control, observed as input, process and output, respectively. More impor-
tantly, we analyze the relations that exist between these three categories of indicators. Planning indicators are
observed as the investments in technological and innovative activities; organizing indicators include the infra-
structure, public administration efficiency and cooperation support, while control indicators refer to the national
economy R&D, transfer effects and entrepreneurship outcomes. The model is tested for assessing and com-
paring government performance in TIM for three countries: Serbia, Croatia and Slovenia, for the time period
2007-2012. Finally, as a feedback in the model, we used scores of the countries according to the Global Inno-
vation Index and the Global Competitiveness Index, to verify the results and provide the final conclusion.
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1. Introduction

The concept of the Triple Helix (TH) was proposed by Etzkowitz and Leydesdorff in the 1990s and today it
is still developing through theoretical and empirical research. “The Triple Helix thesis is that the potential for
innovation and economic development in a Knowledge Society lies in a more prominent role for the university
and in the hybridization of elements from university, industry and government to generate new institutional
and social formats for the production, transfer and application of knowledge” (Ranga & Etzkowitz, 2013).

In recent decades, federal, state and local governments have created a variety of mechanisms to encour-
age knowledge-based economic development (Etzkowitz, 2002). The structure of a national R&D system can
be examined through the use of a Triple Helix framework that studies the relations among academia, busi-
ness, and government (Etzkowitz, 2008). The development of a knowledge base is dependent on the con-
dition that knowledge production should be socially organized. The interfaces between institutions and
functions can be expected to resonate into co-evolutions in some configurations more than in others (Ley-
desdorff, 2006). This confirms the relevance of studying country specific university-industry-government
configurations (see, for example, Rao, 2012; Park & Leydesdorff, 2010).

Levi Jaksi¢ et al. (2015) created a general model which measures Technology Innovation Management and En-
trepreneurship effectiveness related to the key elements of the Triple Helix model. Based on the general model,
in this paper we analyse one aspect of the Triple Helix model — the government sector, and introduce indica-
tors for measuring and monitoring government performance in technology and innovation management (TIM).
We classify the TIM performance indicators (of the government sector) into three basic management func-
tions: planning, organizing and control (POC). Since we observe these management functions as input,
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process and output (respectively), and present indicators for their measurement, we are able to: (1) analyse if
there exists a correlation between these three functions of TIM and (2) see which function is “ahead” of the oth-
ers and which one “lags behind”. This enables us to determine the weaknesses of the government sector per-
formance in TIM. Finally, by comparing the results with the official competitiveness and innovativeness ranking
of countries, we can assume the correlation that exists between the government performance in TIM and the
country’s innovativeness and competitiveness levels. We tested the model in cases of Serbia, Croatia and
Slovenia for the period 2007-2012 and provided the appropriate cross-country comparisons.

2. Triple Helix Concept and Government Performance

The neo (institutional) perspective distinguishes three main configurations in the positioning of Triple Helix
(TH) elements (Ranga & Etzkowitz, 2013). In statists’ configuration, government plays the leading role,
driving academia and industry, but also limiting their capacity to initiate and develop innovative transforma-
tions. These examples could be found in Russia, China, some Latin American and Eastern European coun-
tries. Laissez-faire configuration is characterized by a limited government intervention in the economy
(US, some Western Europe countries), with industry as the driving force and university with limited role in
innovation, acting mainly as a provider. Government in the laissez-faire configuration is also limited, acting
as a regulator of social and economic mechanisms. The Knowledge Society is characterized by balanced
configuration where universities and other knowledge institutions act in partnership with industry and gov-
ernment and even take the lead in joint initiatives (Etzkowitz & Leydesdorff, 2000). There has been a shift from
the model of the state encompassing industry and academia. Development strategies, whether based pri-
marily on the industrial sector as in the US or the governmental sector as in Latin America, are being sup-
plemented, if not replaced, by knowledge-based economic development strategies, drawing upon resources
from the three spheres of the Triple Helix (Etzkowitz, 2002).

Traditional performance measurement systems have concentrated on the development of indicators largely
relating to economy (inputs) and efficiency (costs) due to the limited ability to measure effectiveness or out-
comes in government organizations (Kloot and Martin, 2000). Although government is neither the supply nor,
in most cases, the demand side of new knowledge and new technologies, it can promote effective enterprise-
university interaction in order to facilitate university technology transfer by institutional arrangements, pol-
icy making and so on (Rao et al, 2012).

According to Rao et al. (2012) there are two aspects of government R&D investments: one is government
R&D funding which indirectly promotes university patent technology transfer activities by supporting teach-
ing and research activities; the other is specialized government R&D programs (foundation) which directly
support university patent technology transfer activities. Thus, based on the triple helix theory, government
R&D investments, including government R&D funding and government R&D programs, can influence uni-
versity patent technology transfer activities (Rao et al., 2012). It was shown (Chang-Yang, 2011) that it is dif-
ficult to evaluate the aggregate effect of public R&D support. The author has found out that there are different
effects of public R&D support on firm R&D, depending on various firm- or industry-specific characteristics.
Four potential channels are identified: the technological-competence-enhancing effect, the demand-creat-
ing effect, the R&D-cost-reducing effect and the (project) overlap (or duplication) effect.

The study (Caerteling et al., 2013) showed that government championship is an important positive factor for
the performance of technology development projects. Government championing has more impact than gov-
ernment financial/technical assistance on both project performance and benefits to customers. There are
cross-national differences in government R&D funding in times of economic hardship (Kim, 2013). Strate-
gic performance management demands an approach that is oriented towards financial measures, but also
towards community concern and long-term development. Kloot and Martin (2000) presented the framework
for performance-oriented approach in measuring local government performance, involving all stakeholders
and non-financial measures.

Investments in science and technology (S&T) are not the privilege of developed countries. According to
Kim (2013) there is much to discover and learn from the experiences of non-OECD countries; in the recent
years R&D funding in the developing world, especially countries such as Brazil, Russia, India and China, have
been soaring, defying the predictions based on their economic and social levels of development. Political
leaders in these countries promote S&T heavily as a springboard to move their nation forward in the in-
creasingly knowledge-intensive economy of the 21st century.



3. A Model for Measuring Government Performance in Technology and
Innovation Management

Many indicators and composite indices regarding TIM performance are observed and measured globally by
well-known organizations such as OECD, World Bank, UNDPF, UNData, UNESCO, WEF, Eurostat and ITU. In
the effort to create models of the integrated performance measures based on indicators and composite in-
dices, different institutions are involved and different methodologies are developed (Adams et al., 2006; Ban-
dura, 2008; Levi Jaksi¢ et al., 2015). Composite indicators are often used for benchmarking countries’
performance, but they frequently stir controversies about the unavoidable subjectivity in their construction
(Cherchye et al., 2008). The shortage we identified both in the literature and the published reports by the
above mentioned organizations refer to the concrete analysis on government, university and industry per-
formance in TIM. As highlighted by Singer and Peterka (2012), there are multiple indicators focused on meas-
uring outputs at the level of industry, academia and government, but independent of each other and much
less systematic approaches in monitoring influences of outputs of industry, university and government to out-
comes (effectiveness). Based on Levi et al. (2015), Marinkovi¢ et al. (2014) systematically analysed one as-
pect of the Triple Helix, the government sector performance in TIM, and presented indicators for its
measurement and monitoring. The model, presented in Figure 1, consists of thirty-nine indicators of govern-
ment performance in TIM, classified into three main categories: planning (nine indicators), organizing (eigh-
teen indicators), and control (twelve indicators). We observe these three management functions also as three
categories of indicators: input, process, and output, respectively. This is not the final list of government per-
formance indicators in TIM, but it is the first attempt of the authors to create a systematic list of these indica-
tors, which has to be re-examined, and potentially spread with more government performance indicators.
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Figure 1: Model for measuring and monitoring government performance in TIM

(Marinkovi¢ et al., 2014)

This model can be tested on any country. However, it is important to notice that when applying this model,
it is possible to include only the indicators that are measured for the observed county. For example, OECD
includes a limited number of countries, so GERD, GOVERD and HERD may not be included for assessing
non-OECD countries performance, unless some author created reports of these indicators‘ values (such as
the ERAWATCH reports, under the European Commission) for those countries. Marinkovi¢ et al. (2014) ap-
plied and tested the model on the case of Serbia and included thirty-one out of thirty-nine identified go-
vernment performance indicators in TIM, for the period 2008-2011, and calculated the indices of change
over years which were the basis for comparing performance over time.
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4. Application of the Model, Results and Discussion

In this analysis we use the proposed model for assessing TIM performance of government sectors in Serbia,
Croatia and Slovenia, and make the cross-country comparisons. For the selected countries, we have chosen
fifteen indicators to observe: three for input (planning indicators), six for process (organizing indicators), and
six for output (control indicators). We did not include all indicators from the model primarily because of the
unavailability of all indicators values for all three countries, and secondly because it would be too extensive
an analysis. We collected data from the following data bases: World Bank (2015), UNdata (2015), UNESCO
(2015). As a feedback in the model we use GCI and Gll scores of countries, which represent their competi-
tiveness and innovativeness levels. The period of analysis covers six years, from 2007 to 2012.

Considering the input indicators, we observe the following: R&D expenditures, Gross Domestic Expenditure
on R&D - GERD, and R&D performed by Government Sector. As we can firstly conclude from Figure 2, Slove-
nia is a leader among the observed countries regarding R&D expenditures with almost 3% of GDP invested
in R&D in 2012. This is much higher than Serbia (almost 1% in 2012) and Croatia (0.75% in 2012). However,
it is good to notice the growing trend of R&D expenditures in all three countries, meaning that they understand
the necessity of investing for creating valuable output. The GERD results show the same picture (in 2012
Slovenia - 2.58%, Serbia - 0.91% and Croatia - 0.75%). However, it is not enough only to invest but also to cre-
ate. So by these results, we could expect that Slovenia has a much better R&D output in terms of patent ac-
tivity than the other two courtiers. If we observe the structure of investments, namely the R&D performed by
the government sector, the situation is completely opposite - Slovenia with 12.29% in 2012, Serbia with 28.76%
(even 56.107% in 2008) and Croatia with 27.48%. This result is unfortunately not encouraging for Serbia,
since in developed countries R&D expenditures come primarily from the business sector. This indicates that
it could also be interesting to take a look at the distribution of research types among countries. It is well known
that in Serbia the situation is not encouraging, since the majority of investments are directed towards funda-
mental research (50.2% of the budget of the Ministry of Science and Technological development), and tech-
nological development projects (39.2%), but a very small percent is invested in applied research (MSTD,
2010). Additionally, this results with poor patent activity of the country. The encouraging fact, however, is that
a declining trend in R&D performed by the government sector can be seen for both Slovenia and Serbia, in-
dicating to a positively different structure of R&D investments. In Croatia, the situation has not changed much
over the observed period of time — from 25.49% in 2007 to 27.48% in 2012.
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Figure 2: Results of input indicators (investments), period 2007-2012
Source: World Bank (2015), UNdata (2015), UNESCO (2015)
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In order to come to the output side, we should first analyze the process (organizing) itself. The observed
process indicators are presented in Figure 3. We observe infrastructure (first three indicators) and public ad-
ministration efficiency (next 3 indicators).
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Figure 3: Results of process indicators (Infrastructure and Public administration efficiency),
period 2007-2012; Source: World Bank (2015)

Regarding the infrastructure, the Internet users indicator shows an increasing trend in all three countries
over the observed period of time. The situation is much better in Slovenia (more than 68/100 people use the
Internet) and Croatia (more than 60/100 people use the Internet) than in Serbia where around 48/100 peo-
ple used the Internet in 2012. The situation with electric power consumption is slightly different. Slovenia is
a leader, but Serbia is in the second place and Croatia in the third. It is interesting to notice that the electric
power consumption has not changed much over the observed period of time for any of these countries.
The third infrastructure indicator should be the Number of science and engineering graduates (%20-29 pop-
ulation), but is not available for all three countries. So, we found an alternative one — tertiary school enrol-
ment (% gross). Slovenia leads with as high as 86.02%, while in Serbia and Croatia it goes to 50 and 60%,
respectively. Looking at the second group of organizing indicators — public administration efficiency —we can
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see some discrepancies. It is very interesting that duration to enforce a contract is the longest for Slovenia
(around 43 months), while at the same time they succeeded to reduce the costs of business of start-up pro-
cedures to 0% of GNI per capita (2009-2012) and have decreased the number of start-up procedures to
register a business from 9 in 2007 to only 2 in 2012, providing a good stimulus for creating a start-up. The
time required to enforce a contract is much shorter in both Serbia and Croatia (around 20 months in 2012),
but the costs are much higher (around 7-8% of GNI per capita for both countries). The number of procedures
is also higher than in Slovenia — 6 for Serbia and 7 for Croatia in 2012. Considering these results, we can
say that Slovenia has the best process values among the observed countries.

The output (control) indicators are presented in Figure 4. We observe patent activity (first two indicators),
technology transfer results (next 3 indicators) and entrepreneurship outcome (1 indicator).
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Figure 4: Results of output indicators (R&D results, TT results, and Entrepreneurship outcome), period
2007-2012; Source: World Bank (2015)

What was expected to be is that Slovenia leads when considering the number of resident patent applications
(increased from 395 in 2007 to 470 in 2011). Data for 2012 are not available. On the other hand, although the
investments increased over the observed period of time, in both Croatia and Serbia we can see a declining
trend of patent applications (from 344 to 217 for Croatia, and from 395 to 192 for Serbia), which is quite a wor-
rying fact that highlights the impotence of R&D activities in these countries. This negative correlation between
R&D investments and patent activity of Serbia are elaborated in Levi Jaksi¢ et al. (2014a). Regarding the
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number of scientific and technical journal articles, the situation is much more balanced among the observed
countries, and has not changed much from 2007. The situation with charges for the use of IP is quite turbu-
lent over the observed time period. Serbia was a leader in 2011, with more that 56 million US$ receipts, while
in 2012 this declined to around 35 million US$. Unlikely, receipts in Slovenia increased from 18.72 in 2007
to 43.74 US$ in 2012. Croatia has a turbulent situation and holds the third place from 2009, with around 31
million in 2012. Looking at the ICT export results, we can proudly conclude that Serbia has extremely good
IT experts, since it is a leader in ICT service exports for the whole time period, resulting with around 40% of
total service exports. At the same time, the share in Slovenia is much lower — around 20% and also in Croa-
tia — around 10-14%. Regarding ICT goods exports, Serbia also leads with more than 2% of total goods ex-
ports. Slovenia is the worst regarding this indicator. So, although having a fertile patent activity, Slovenia lacks
results in technology transfer. Analyzing the entrepreneurship outcome, Slovenia has the best results in new
business density for the whole time period. Croatia holds the second place, while Serbia lags behind. This is
also an emerging topic since it is widely recognized that SMEs are an instrument for fighting poverty and un-
derdevelopment (Mitanoski et al., 2013) and are drivers of economic growth and employment.

Finally, as a feedback, we give achieved scores of the countries, according to the World Economic Forum
(WEF), and INSEAD - The Business School for the World and World Intellectual Property Office (WIPO) re-
ports on GCl and Gll, as measures of reached competitiveness and innovativeness levels. These results are
given in Figure 5. We provide this additional analysis for a three-year period, 2010-2012.
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Figure 5: Scores (ranking) of countries according to Global Competitivenes Index (GCI) and
Global Innovation Index (Gll); Source:(WEF, 2011,2012,2013;INSEAD&WIPO 2011,2012,2013)

As we can notice in Figure 5, Slovenia holds the highest position among the observed countries according
to both GCI and Gil scores (GCI ranks: 57, 56 and 62 over the observed time period; Gll ranks: 30, 26, 30).
Croatia is in the second place, with GCI ranks from 76 in 2010 to 75 in 2011; and Gll ranks from 44 in 2010
to even 37 in 2012. Serbia is definitely in the worst position, ranked 101stin 2012 regarding GCI and 54" re-
garding Gll. Using the results of input, process and output clusters of indicators, presented earlier in the
paper, we can examine what leads to these rankings. It is not surprising that Slovenia holds the best posi-
tion, since it invests most in R&D (almost 3% of GDP) and has the best structure of investments (government
share is around 13% in 2012). Besides this, it produces the greatest number of patents among the observed
countries and in 2012 it had the most charges for the use of IP (receipts). Even though Serbia is definitely
the best country regarding ICT goods and service exports, it lacks R&D expenditures (both the amount and
the structure) that should be transformed into valuable output — patent applications. Also, regarding the
process indicators, Slovenia has the best organizing values (both infrastructure and public administration
efficiency) which enable making a good output. Croatia is in the middle, by GCI and Gl scores closer to
Slovenia than to Serbia in 2012. Even though Croatia and Serbia are actually very close regarding the ob-
served POC indicators, Croatia still invests more in R&D, has a better structure of investments and conse-
quently produces a better output. What we think is most important for Serbia is not to invest more, since the
economic situation is not encouraging for taking these actions, but to reorganize the investments first. By
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this we mean that the distribution of research — basic, experimental and applied has to change in favour of
applied and experimental research. So Serbia should primarily focus on the input, planning group of indi-
cators, since the process cluster is pretty satisfying. This will lead to better output results, and consequently
better results of overall competitiveness and innovativeness levels.

Conclusion

Government, as an element of the Triple Helix model, is an important player that creates collaborative R&D projects and
the necessary links among other elements (university and industry), investing in development in different fields, regions
and at different levels of a country. It is the key element in enhancing a knowledge-based economy that is largely based
on efficient and effective TIM. Although government R&D investments could be vulnerable to a budgetary cut in times of
economic difficulties, they are always present as incentives for the development of economy and society. Inputs, processes
and outputs of government activity in TIM are important to measure and analyse in order to determine correlations, achieve-
ments and weaknesses, as a relevant basis for the future activities and decisions. It is important to note that, by using the
model presented in this paper, a government impact in all three relevant spheres can be tracked, monitored and analysed
for quick responding actions with policies and strategy well adapted to the concrete TIM performance in practice.

One of the advantages of this model is its balanced structure enabling a systematic approach to the broad body of indi-
cators already in use, oriented towards better understanding the specific and most relevant role of the government in cre-
ating the innovative environment for supporting the basic TIM functions. In the model, the identified government TIM
performance indicators are classified into categories related to the three basic management functions - POC, also observed
as the input, process and output, respectively. The model shows the relations that exist between these categories of indi-
cators. Planning indicators refer to the investments in technological and innovative activities; organizing indicators refer to
the technological and innovative infrastructure, public administration efficiency and cooperation support, while control in-
dicators refer to the country’s R&D results, technology transfer results and entrepreneurship outcomes. Each of these cat-
egories and groups refer to the specific government TIM performance indicators, which are accessible in large internet
databases such as the World Bank, OECD, UNdata, UNDP, etc. We tested the created model in the cases of Serbia, Croa-
tia and Slovenia, and showed how the collected data can be analysed in order to track dynamics and measure changes
that occur, notice the interactions between the elements of the model and use the feedback as a support in making strate-
gic management decisions in the area of TIM at the country level. For this analysis we selected fifteen indicators and
tracked changes over the period 2007-2012. Conducting this research, we have shown the applicability of the presented
model in different national economies and how it is possible to use the model for relevant cross-country comparisons. By
introducing official GCI and Gll scores of countries as a feedback in the model, we have proven the importance and rele-
vance of the presented model.
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