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Abstract

It is widely recognized that the design and application of suitable and robust science,
technology and innovation (STI) policies and appropriate STI institutions promote devel-
opment, economic growth and competitiveness in the long run. This paper analyses the
dynamics of STI in Colombia over the 1995-2019 period to determine its relationship with
its most important determinants and its collateral relationship with economic growth as an
input affecting different issues; this work takes into account the creation of the new minis-
try of science, technology and innovation (MSTI) and uses different time series techniques.
According to the analysis, a positive relationship exists between investments in research
and development, STT activities, and the independence and transparency of STI manage-
ment by the new MSTI, which could generate higher productivity, technological change,
economic growth and development. The results of the models also demonstrate the long-
run relationship and short-run dynamics related to STI investment and research results and
the importance of transparency and independence. It is important to establish adequate STI
governance and allow new ministries to play an important role to achieve a society based
on knowledge that produces relevant research, technology and innovation based on the
needs and resources of the country.

Keywords Institutions - Science - Technology - Innovation policies - Times series -
Colombia

1 Introduction

The research and development (R&D) and innovation policies adopted for different devel-
oped countries have a demonstrated relationship with economic growth, development and
competitiveness (Griffith et al. 2004). For different countries, science, technology and
innovation (STI) have become a decisive factor by changing the production function. New
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technologies, innovations and investments in knowledge generation have generated high
productivity, efficiency and competitiveness, which are key factors in economic growth and
development and generate wealth and welfare in society (Liik et al. 2014; Bilbao-Osorio
and Rodriguez-Pose 2004).

STI are considered important factors for promoting competitiveness and achieving
growth, especially in developed countries, as observed by Romer (1986, 1990), who deter-
mined that growth occurs through the accumulation of knowledge. Growth theories in
recent decades have acknowledged the importance of technological change and identified
the knowledge economy as a source of economic growth because it promotes organiza-
tional change, collaboration, knowledge sharing, improved connectivity and networks, the
application of standards, and new technologies, among other benefits (e.g. Grossman and
Helpman 1991; Todaro 1997; Crosby 2000; Zalewski and Skawinska 2009).

STI policies should be based on an analysis of the features of knowledge transfer, tech-
nological change and innovation processes, including the following (Aghion et al. 2009):
(i) the cumulative processes over time leading to feedback, knowledge accumulation and
lock-in effects; (ii) the multidirectional links at the same point in time between the stages
of new knowledge, its application, technological change and the implementation of innova-
tion; (iii) development patterns and processes for diffusing and appropriating new technol-
ogies and innovations; (iv) dependence on new knowledge, technological change and the
absorption and application of information through learning; and (v) she systemic and inter-
dependent features of the technological change and innovation process. These elements are
key to understanding how STI supports countries’ economic growth and development.

An institutional framework is fundamental to achieving results from STI, as it is the
source of plans and strategies for economic growth, sustainable development, and social
inclusion. Moreover, investments in R&D and science, technology and innovation activities
(STIA) identify new technologies and innovations that will support growth and develop-
ment and where new infrastructure is necessary, such as digital connectivity and broadband
communication networks (Alvarez 2016; Hall et al. 2013). In parallel, different inter-
est groups must engage in strong cooperation in research, transfer, innovation diffusion,
knowledge generation, human resource development, public awareness, and dialogue on
STI. In this context, the government can play an important role by stimulating new demand
through strategies and programmes based on knowledge and public investment that will
strengthen the STI infrastructure (G7 Academies 2017, Cotte 2018).

These elements motivate this research, which analyses a newly created institution in
Colombia, the Ministry of Science, Technology and Innovation (MSTI), with the goal of
understanding how to improve or generate new STI infrastructure with limited resources
to promote STI in a developing country. The aim is to generate new strategies to valorise
knowledge as a fundamental element for economic growth and development, taking into
account that evidence regarding these issues in emerging economies is relatively scarce.
Some studies have analysed topics related to STI, value creation, information and com-
munications technology (ICT), capacities, and human resources, among others, in the Latin
American context [e.g., IDB (2010), Crespi et al. (2014), in Latin America and the Carib-
bean; Benavente (2006) and Alvarez (2016), in Chile; Aboal and Tacsir (2015), in Uru-
guay; Commander et al. (2011), and Rezende et al. (2017), in Brazil]. The findings of these
researchers are consistent in recognizing the importance of STI to promoting productivity,
competitiveness, and development when supported by adequate policies.

The aim of this paper is to apply empirical and econometric strategies to analyse how
new institutions in Colombia depend on investments in R&D and STIA and to iden-
tify those variables that promote STI and guarantee the independence of innovators and
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transparency to investors. The new MSTI should be based on the market and the public,
which relates to two theories: the positive theory of state, which analyses how the state
performs, what it is similar to and what it does in the economic system and in society, and
the normative theory of state, which refers to the study of how the state should exercise
its ability to direct activity and improve equity and efficiency. The modern theory of the
public sector includes three elements: welfare economics, which seeks to improve human
welfare and social conditions, primarily through the optimal distribution of wealth; the the-
ory of public election, which studies the behaviour around taxes and public spending; and
public finances, which analyses behaviour related to investment and the principles of state
expenditures and state revenues. These theories are important to determine the key ele-
ments of the new institution and the political theory that it will follow.

This study provides novel evidence for a developing country, Colombia, on the impor-
tance of investing in an institution and in STI through the creation of MSTI. The research
questions that guide this study are as follows: (i) What are the effects of implementing an
MSTI for a developing country such as Colombia? (ii) What elements could affect the new
MSTI, taking into account the trends in STI in Colombia?

In the development of this research, we conducted a literature review (Sect. 2); in the
subsequent section, the different Colombian Ministries and Colciencias, as governing bod-
ies of STI policies, are analysed. The methods and data used in this study are presented in
Sect. 4. The empirical results are discussed in Sect. 5 together with the robustness check.
The conclusions are presented in Sect. 6.

2 Literature review

STI play a critical role in constructing and supporting national competitiveness, driving
solutions to global challenges and realizing sustainable development, while information
and communication technologies promote and empower the development of STI (United
Nations 2016). Public institutions, especially policy makers, play an important role in
developing appropriate STI policies to promote economic growth and create a knowledge-
based society.

The economic theory related to STI identifies the following factors: (i) STI drives
growth through savings and capital accumulation (Schumpeter 1939; Hulten and Isaks-
son 2007); (ii) economic development implies the restructuring and relocation of resources
based on new STI advances that replace old processes (Schumpeter 1939; Caballero and
Hammour 2000; Datta et al. 2013); (iii) STI efficiency (how capable a society is in using
STI to generate new products, services and processes) takes precedence over allocative effi-
ciency (the optimal production and distribution of goods and services in response to mar-
ket demand) given adequate policies and institutions to control market failures (Freeman
1987; Woolthuis et al, 2005); (iv) STI are risk processes because they are developed based
on trial and error attempts and limited information, so R&D requires particular supporting
instruments to achieve successful results (Haragadon, 2011); (v) STI must interact with
and require human capital, business culture, regulations, public institutions, networks, etc.,
which are all fundamental to achieving a knowledge society (Metcalfe 1995; Trott 2011).
These elements indicate the importance of a national STI system led by adequate institu-
tions and governance to achieving effective economic growth and development based on
knowledge, technology and innovation.
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To achieve economic growth based on STI, an adequate institutional framework is
necessary to coordinate the effort to generate new policies and new institutional systems
(ECLAC 2016): (i) countries design policies that can be applied through institutional
resources such as the ministry responsible for this topic; (ii) policies must be viewed from
a functional perspective, integrating and facilitating interaction with the business and pro-
ductive sector, incorporating the regional dimension, facilitating articulation among dif-
ferent organizations (universities, research centres, among others) and different sectors,
diffusing knowledge and forming linkages; (iii) The business dynamic requires the applica-
tion of policies to protect competition shared with institutions aimed at strengthening good
corporate governance practices and guaranteeing the interests of domestic and external
investors to enhance the generation and transfer of technology and knowledge.

Developing and applying a successful STI policy implies coordinated management
with a public institution, such as MSTI, that leads through explicit and implicit policies.
Explicit policies can address technology, innovation parks, research centres, business incu-
bators, and the transfer of technology through foreign direct investment or trade. In con-
trast, implicit policies reflect the impacts and effects on the development of STI capabilities
and the relationships with the economy (e.g., trade policies, public procurement, taxation,
investments). The challenge in developing these policies is the requirement to balance both
market and systemic failures and to mix horizontal (education, finance, or knowledge dis-
semination and application) and vertical policies (support the use of STI among the pro-
ductive sector). These elements promote economic growth when coordinated with STI pol-
icies, overall development strategy, industrial and trade policy, environmental standards,
and education policy, among others, and strong institutional framework from the central
government (UNCTAD 2019; Bernanke 2011).

These elements suggest the importance of knowledge to the generation of wealth in
countries (Cavalcanti 2001). Taking into account the transformation and return in the form
of patents, products, scientific research, certifications, new businesses, entrepreneurships,
and technologies, among others, allows us to guarantee increases in productivity, innova-
tion, and competitive advantage that lead to economic, intellectual and social growth and
development (Barney and Hesterly 2006; Rezende et al. 2017). Due to the importance of
STI, this study seeks to analyse in a developing country the importance of a new MSTI to
promoting development through knowledge creation and the importance of independence
and transparency for this institution given the adequate allocation of investment to generat-
ing new STI products and services.

Considering gaps in the previous literature, our analysis sheds light on the importance
of adequate institutions and policies in promoting STI and the relevance of investments in
R&D and STIA. Further, it suggests different elements and inputs that could be taken into
account by the new MSTI to guarantee effective decisions and the importance of STI to
promoting development and economic growth.

3 Analysis of Colombian institutions through the ministries

Colombia is a country characterized by a representative, republican, and democratic
form of government, where executive power dominates the other branches (legisla-
tive power and judicial power), and ministers are important figures in charge of minis-
tries who hold positions that are simultaneously administrative and political. The main
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function of ministers is to set national policy in all fields of government activity and to
issue regulations and specific laws.

Before the MSTI was created, in Colombia, STI was managed by a department of sci-
ence, technology and innovation denominated Colciencias through Law 1286 of 2009.
This entity was responsible for promoting STI policies that encouraged the production
of knowledge and the construction of STI capabilities and that facilitated the circulation
and uses of such capabilities and knowledge for the integral development and welfare
of Colombian society. Moreover, Colciencias coordinated the national system of sci-
ence, technology, and innovation (SNCTI), defined strategic programmes for the devel-
opment of the country, and outlined all activities involved in the promotion of research
and innovation (OCyT et al. 2013).

Currently, the country has 16 ministries that can be classified based on their annual
budget to show their importance to the government and to the focalization of resources
for generating economic growth and development. The ministries were classified by
budget ranges taking into account the operating and investment expenses of each minis-
try through k-means clustering, as proposed by MacQueen (1967). From a sample (w,
W,..., W,), each observation is a d-dimensional real vector, and the purpose of k-means
clustering is to partition the n observations into k sets (k\n) Y={Y,, Y,..., Y} to mini-
mize the within-cluster sum of squares (see Eq. 1).

K

arg mins = Z Z I W= W II? (1)

i=1 weY,

Data were calculated in constant 2015 values for the budgets and validated of each
year. For those ministries with a high budget, the range is between a minimum value
of 4.49°*12 and a maximum value of 3.34°"!3, For the ministries with a medium-sized
budget, the minimum value is 0, and the maximum value is 1.57°"'>. For ministries with
a low budget, the minimum value is 6.98°*1% and the maximum value is 5.03°*'2, and
those with the lowest budget have a range between a minimum value of 92,721 and a
maximum value of 3.90°"!!, Table 1 shows the classification of Colombian ministries
by budget, including Colciencias as the administrative agency for STI, and Fig. 1 shows
ministry budgets, classified from high to low, in comparison with Colciencias.

Examining those ministries with a high budget shows that during the period of study,
the Ministry of Education increased its budget consistently, and the Ministry of Work
also shows an upward behaviour, especially in 2014, due to different implemented pro-
grammes, such as public employment services, older Colombia, and retirement systems.
The Ministry of the Treasury and Public Credit shows a decrease in the last period due
to changes in the management and distribution of resources.

For ministries with medium-sized budgets, the Ministry of National Defence, the
Ministry of Housing, City and Territory and the Ministry of Mines and Energy show
similar behaviour over the last decade (in this latter ministry between 2008 and 2010,
there was an increase in investments in infrastructure based on exploration in oil and
the new electrification process). The ministry of health and social protection shows a
different trend including a decrease and an increase. In recent years, this ministry has
increased investments to obtain improvements in coverage and infrastructure, new pro-
grammes to improve quality and prevention and specialized equipment.

The ministries with the lowest budgets show a similar trend over the last decade.
The ministry of justice and law and the ministry of information and communication
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Table 1 Budget classification of Colombian ministries. Source: Authors, based on the General Budget of
the Nation produced by the Ministry of Finance and Public Credit, the DNP (National Planning Depart-
ment), and the General Comptroller of the Republic

Ministries of Colombia Budget
classifica-
tion

Ministry of National Education High

Ministry of Work High

Ministry of Treasure and Public Credit High

Ministry of Health and Social Protection Middle

Ministry of Mines and Energy Middle

Ministry of National Defence Middle

Ministry of Housing, City and Territory Middle

Ministry of Agriculture and Rural Development Low

Ministry of Interior Low

Ministry of Commerce, Industry and Tourism Low

Ministry of Foreign Relations Low

Ministry of Culture Low

Ministry of Environment and Sustainable Development Low

Ministry of Transportation Low

Ministry of Justice and Law Lower

Ministry of Information and Communication Technologies Lower

Colciencias Lower

Ministries with a high budget Ministries with a medium-sized budget
=] Colombia =3 Colombia
8 8
g1 g
g 8
8 s
g g
8 g
]
g 3
g g
g | g
8 S\ o
- o 853
OO0 9909000000000 00000000000 19'95 20'00 20'05 2(;10 20'15 20'20
1905 2000 2008 2010 e 2000 © Miisiry of Healih and Social Protecion © Minsiryof Mines and Energy
@ Ministry of National Education ® Ministry of Work : x‘"‘:"‘/ 0: :3“""3| Detence
® Ministry of Treasure and Public Credit ® Colciencias inisiry of Housing, City and Teritory @ Colciencias
Ministries with the lowest budget Ministries with a low budget
. Colombia s Colombia
g &
g
g z
g g
g g
B oo o° o 3
19‘95 20‘00 20‘05 20‘10 20‘15 20‘20
 Vinisty of Jusies and Law < Cotconcias
© ity o nformaton and ¢

Fig. 1 Trends in ministry budgets according to their classification, 2000-2018. Source: The General Budget
of the Nation produced by the Ministry of Finance and Public Credit, the DNP (National Planning Depart-
ment), and the General Comptroller of the Republic.
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technologies decreased their budgets beginning in the last decade due to new govern-
ment priorities and the requirements of other priority sectors.

Ministries with low budgets show similar trends except for the ministry of the interior
and the ministry of agriculture and rural development, which had increases and decreases
according to government requirements, institutional strengthening, and special programmes
to enhance agricultural activities, among others. These dynamics in the Colombian minis-
tries show different trends according to the requirements and programmes of governments.
However, STI investments were not considered key investments for promoting growth and
development in Colombia, as evidenced by a budget that improved based on the designa-
tion of royalties between 2012 and 2015 but saw an investment below 1% of gross domestic
product during the decade and never exceeded the budget of other ministries.

These trends also indicate that colciencias has maintained the lowest budget of all the
ministries; in fact, its budget is too low to allow it to be considered a ministry. In recent
years, the trends in budget and budgetary implementation have decreased (see Fig. 2). The
MSTI requires more resources to achieve significant STI through R&D, innovation, scien-
tific and technological training and education, scientific management and STI support, as
these will be fundamental for the successful management, policy development and govern-
ance of the new MSTI, taking into account the expectations of different stakeholders.

4 Methods and data
This study follows STI theories to evaluate the effects of the new institution in Colombia
based on the objectives of Law 1951 of 2019. The paper follows these stages: (i) simu-

lations for independence and transparency; (ii) estimations of two proposed models and
application of tests to determine stationarity. These stages are explained in the following:

4.1 Simulations for independence and transparency

To determine the independent variable, a perception survey was conducted regarding the
implementation of the MSTI in Colombia. This survey was developed by the Colombian

- Trends in total budget and effective budgetary implementation in Colciencias

200000 300000 400000 500000
| | |

100000
|

T T T T T T
1995 2000 2005 2010 2015 2020

| ® Total budget ® Effective budgetary implementation |

Fig.2 Trends in total budget and effective budgetary implementation in Colciencias, 1995-2018. Source:
Planning office of Colciencias, Ministry of Finance and Public Credit, DANE
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Observatory of Science and Technology (OCyT) in 2019 to understand opinions about
the proposed institutional change for the National System of Science, Technology and
Innovation. The survey was distributed to different stakeholders who were directly and
indirectly related to science and technology activities, including researchers, universi-
ties, entrepreneurs, policy makers, administrative personnel, research centres and mem-
bers of the general public interested in STI topics (Pardo Martinez et al. 2019).

Table 2 shows the main variables used to build and analyse the political independ-
ence of the new MSTI. The main variables related to the proper management of the
MSTI were determined based on the international literature, including (i) the manage-
ment of the entity, (ii) STI policy formulation, (iii) the entity’s objectives, and (iv) gov-
ernment restrictions on resource allocation.

An important point of analysis is the political independence of the new MSTI, which
must operate with a high level of autonomy and whose mandate should be to encour-
age everything related to STIAs in coordination with general economic policy. The new
MSTI must design its policies from a long-term perspective that is independent of the
political cycle.

To construct the transparency variable, the perception survey data was taken from
a module on the perception of transparency factors as applied to stakeholders. These
are mainly related to variables capturing political, economic, and procedural factors
or related to the operation of the entity, specifically its administrative, managerial and
financial methods of operation. Table 3 lists the main variables used to build the survey
and analyse the transparency of the new MSTI.

With respect to transparency, it is important that the new MSTI achieve effective
management that enables society to understand the STI policy, its main results and the
investments made to guarantee the importance and support of STI in different processes.
Table 3 shows the features for analysing transparency.

Table 2 Factors that determine
the political independence of the
new MSTI

Factor Features

The management of the entity The length of the term of

service of the director

Who appoints the
director

Reasons for leaving
office

Whether the director can
have other functions in
the government

The formulation of STI policy Who formulates STI
policy
Who has the final say in
resolving conflicts in
terms of STI policy
The role of the govern-
ment budget process

The objectives of the entity Stability in STI spending

Government restrictions on the allocation ~ Tax rule
of resources Deficit or surplus
Fiscal sustainability
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Table 3 Factors that determine the transparency of the new MSTI

Factors Features

Political factors There is a political objective
Type of decisions

Economic factors The entity has economic interests
The entity has interest groups it privileges
The allocation of resources is equitable
The allocation of resources is efficient
The allocation of resources is transparent

Procedures The entity has adequate procedures
The entity has clear, adequate and transparent processes

Performance The entity prides itself on being a technical body

The entity prides itself on being a political body

The entity has clear and adequate programmes

The entity has clear plans that are consistent with its
mission

The mission of the entity is consistent with current
technical or social developments

The vision of the entity adjusts to modern advances

The strategic planning of the entity adjusts with that of
its peers

Operability The entity has an adequate budget
The entity has adequate budgetary execution

To conduct the different simulations for the variables of independence and transparency,
the methodology used by Pindick and Rubinfeld (1997) is followed. Historical simulation
is used for a known sample period and applied in predictive simulation. Next, to obtain
robust results, comparisons are made between the predictions and the actual data based on
the data structure; the comparisons adopt the following general structure (Egs. 2 and 3).

Xy,Xy, ... X, ... Xy realizations 2)

X1, %, ... X, ... Xy predictions 3)

To minimize possible systematic errors in prediction, the different simulations take the
form determined by the following expression (Eq. 4),

Y=a+px,+e; t=12,...,T 4)

4.2 Estimations of the two proposed models and application of the tests
to determine stationarity

To analyse the main variables and the factors that affect the management and operation
of new MSTI, this study formulates its analysis according to the following classifications:
indicators of structural change in STI, indicators of human capital, indicators of knowledge
creation and institutional indicators related to independence and transparency. Two models
are used to describe the behaviour of STIAs and R&D.
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The analysis is performed for the 1995-2019 period, for which there are available
data in Colombia on STI issues. The data used in this study are as follows: the data on
investments in STIA and R&D investments are taken from the World Bank and Ricyt
following the requirements of the Frascati manual 2015 developed by the OECD and
are expressed in 2015 Colombian pesos, Cotte and Andrade (2018, 2019) and Cotte
et al. (2019); the data on the number of master’s and PhD programmes come from the
national system of information of higher education; the number of recognized research
groups come from the scienti platform of Colciencias; the number of scientific papers
published and citations are taken from the WoS, Scopus, and SciELO; the data on pat-
ents and trademarks were obtained from the national office of the industry and com-
merce superintendence (SIC); the number of software registrations were obtained from
the national copyright office; and public expenditure on education was obtained from
the General Budget of the Nation produced by the Ministry of Finance and Public
Credit, and the variables on independence and transparency were taken from the sur-
vey performed for this study.

The two models proposed in this study show the generation of knowledge through
knowledge spillover. They indicate that researchers and scientists are now the key crea-
tors of R&D, achieving sustained economic growth when there is sufficient investment
in the sector; therefore, the factors used attempt to capture productivity (Acemoglu
2009). Moreover, the two models follow the technological change model proposed
initially by Romer (1990), the growth model proposed by Rebelo (1991), and studies
developed by Kfistkova (2012) in the context of the Czech Republic and Kim et al.
(2019) to analyse South Korea’s R&D investments.

The findings of these studies demonstrated that R&D resources are restricted, and it
is necessary to determine the degree of contribution of R&D determinants to economic
growth and development by estimating R&D stock based on the knowledge production
function. In this context, this study proposes and follows these models and theoretical
elements to analyse the relationship between STI investments (classified as STTA and
R&D), resources and knowledge results in Colombia as input, analysing the role of
new institutions based on MSTI. The research of Enders (2014) on the application of
small time series on stationarity is followed.

4.3 Technological and innovation activities (STIA) model

This model includes the following activities: STI investments, innovation, support
for scientific and technological education and training, management and other related
activities, and STI support. Equation (5) is as follows:

STIA, = o + X + & )

where STIAs are the different technological and innovation activities, « is the constant, X
is a variable set that represents the indicators of structural change, human capital for STI
and knowledge generation, and £ is the error term.

To determine the reliability and robustness of the results, different tests in lev-
els and differences are applied to determine the seasonality of the series with the
Dickey—Fuller and Phillip—Perron tests.
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4.4 Research and development (R&D) model

The second model also includes a structured equation system to describe R&D behaviour.
Equation (6) is as follows:

R&D, =y, + QX + p, (6)

where R&D is Research & Development investments, vy is the constant, Q is the estimated
coefficient, X is a set of variables that represent structural change, human capital in STI
and knowledge generation, and p is the error term.

To determine the reliability and robustness of the results, the Dickey—Fuller and Phil-
lip—Perron tests are applied to levels and differences to determine data stationarity.

5 Results and discussion

Following the methods and models proposed in this study, this section explains the results
of the different simulations to determine the dynamics in STI in the context of the creation
of a new MSTI, which is key to improving development outcomes. The main function of
the MSTTI is to work in partnership with science and technology institutions, organizations,
and other innovative enterprises to research, test, evaluate and scale solutions (USAID
2017).

5.1 Results of simulations for independence

The political independence of the MSTI is a fundamental pillar required to obtain the
best results and refers to several aspects, among which the following must be present: (a)
The entity must be directed by a policymaker who is knowledgeable about STI, the term
of office must be a relatively long period, and appointment must be made by a board of
experts on the subject; (b) the technical aspects and the formulation of STI policy should
be evidence-based and attain the expected results; (c) The objectives of the entity and the
execution of its activities must be clear and transparent; and (d) government restrictions on
the allocation of resources and their efficient allocation are central to the final execution of
activities. These results concur with UNCTAD (2019) and OECD (2017a, b), which deter-
mined that for an enterprise to be adequate, the policy debate and policy-making process
require an independent evaluation and decision making by expert teams or entities that can
detect early warnings and make relevant decisions.

With these criteria, a series of simulations were performed, and the results regarding
the independence of the MSTI are shown in Table 4. It can be seen that the results con-
siderably improve if the entity has the fundamental characteristic of independent decision
making; without reform, the average is 0.79, and with reform, the results are 0.94, showing
a substantial improvement in the results and operation of the new entity. Similar results
were obtained by Mukhopadhyay (2014) in the Indian context, showing the importance
of an ecosystem that addresses the national priority for inclusive and accelerated growth.
In such an ecosystem, policy makers and the government promote different programmes
and instruments and provide independent and efficient investments to achieve a symbi-
otic relationship between the STI system and socioeconomic areas. STI then benefits its
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Table 4 Results of the simulations of independence

Variable Observations Mean Std. Dev. Min Max

Without reform

Indicator of independence of MSTI 51 0.795921 0.0186229  0.7795  0.8295
With reform
Indicator of independence of MSTI 51 0.9406 0.04215 0.8723 0.9769

Simulations: Author’s calculations from the transparency and independence survey

stakeholders in society, while innovation promotes inclusive growth and ensures the access
to, availability of and affordability of different solutions to improve welfare. This perspec-
tive can allow the acceleration of science-led solutions for rapid, sustainable and inclusive
growth.

5.2 Results of simulations for transparency

The transparency of the institution is another essential, strategic criterion for the achieve-
ment of optimal results with scarce resources. Transparency takes into account several
aspects: (a) the efficient allocation of resources, their relevance to STI topics and knowl-
edge generation should be the most important factors considered when allocating scarce
resources; (b) processes should be characterized by agility, efficiency and transparency at
all levels; (c) the operation of the entity requires highly trained human resources and staff
who are knowledgeable about STI; and (d) technologies, systematization and effectiveness
in execution are essential criteria for the proper operation of the institution and its external
agents. Transparency is important in STI governance because it allows the public to under-
stand the overall system, evaluate a given outcome, view how publicly funded resources
are used in STI and understand what benefits are obtained (EPRS 2019).

Under these premises, a series of simulations were carried out for the transparency
of the MSTI, and the results are shown in Table 5. The simulations show that with the
implementation of the transparency criteria, substantial improvements from 0.4 to 0.9 can
be achieved if the entity’s transparency is improved over time. According to the OECD
(2002, 2017a, b) the main benefits of transparency regarding budgets sourced from public
funds or resources are as follows: (i) accountability allows for the determination of how to
use public funds and ensures accountability, which promotes effectiveness and efficiency
because it accounts for the allocation and priorities of national stakeholders; (ii) integrity

Table 5 Results for the simulations of transparency

Variable Observations Mean Std. Dev. Min Max

Without reform

Indicator of transparency of MSTI 51 0.444 0.0187 0.4259 0.4785
With reform
Indicator of transparency of MSTI 51 0.9086 0.01062 0.8846 0.9201

Simulations: Author’s calculations from the transparency and independence survey
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is encouraged to prevent corruption and maintain high standards of responsibility in the
use of public funds; (iii) inclusiveness is promoted because budget decisions affect all of
society, and transparency involves an informed and inclusive debate about budget policy
impacts; (iv) an open and transparent budget process fosters trust among citizens because
they can see how public money is used; and (v) quality is implied by transparent and inclu-
sive budgeting support because of the associated fiscal results and the reactive, impactful
and unbiased public policies. These elements contribute to the new MSTI’s adequate use of
resources and consideration of the social impact based on knowledge, new technology and
innovation.

5.3 Results of test for data stationarity

A series of correlational exercises were conducted based on several classifications for the
different variables: structural change indicators in STI, human capital indicators, knowl-
edge creation indicators and institutional indicators of independence and transparency. The
Dickey-Fuller and Phillip-Perron tests were performed both on levels and on differences
to determine the stationarity of the series. To test the order of integration of the variables,
we used the standard unit root tests, namely, the augmented Dickey-Fuller and the Phillips-
Perron tests. The results of the unit root tests, reported in Table 6, indicate that the vari-
ables meet the conditions of stationarity in the series.

5.4 Estimation results

The first model (see Table 7) has investments in STIAs as the dependent variable, and the
results show that higher investments in STIAs can generate higher transparency and inde-
pendence in the new institution. Moreover, investments in STIAs related to human capital
promote higher numbers of graduates in the national PhD programmes and more schol-
arships, which is consistent with the investment expenditures in Colciencias, taking into
account that the majority of the budget of the entity is dedicated to higher level training
through PhD and master’s programmes.

Another factor analysed in this model is research results. The results indicate that higher
investments in STIAs have a positive and significant effect on the numbers of research
groups recognized by Colciencias, scientific papers published, total national patents
granted, trademarks, software registration, and Scopus citations and on public expenditure
in education as a percentage of GDP. These findings demonstrate the importance of new
institutions as a key element to strengthen human capital and research results in Colombia.
These results show the importance of STI in supporting poverty eradication through edu-
cation and sustainable development through the development of new clean technologies
and innovations. STI policies should adopt a holistic framework and strategically connect
the integral parts of their national development policies and plans to policies in other sec-
tors, such as education, industry, and health. Sustainable development and socioeconomic
well-being can be obtained by addressing specific STI governance issues, such as fund-
ing mechanisms, national STI commissions, STI laws and other STI policy instruments
(UNESCO 2017).

The second model (see Table 8) was analysed using investments in R&D as the inde-
pendent variable. The results show that higher investments in R&D generate higher trans-
parency in the new institution, indicating the importance of formulating a new mode of
governance to achieve higher impact from STI in Colombia (see Table 8). The variables

@ Springer
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related to human resources indicate a positive and significant effect on national PhD and
master’s programmes, total scholarships, number of research groups recognized by Col-
ciencias, public expenditure on education as a percentage of GDP and expenditure on
investments by Colciencias. These results demonstrate the importance of achieving trans-
parency in the new institution and continuing to strengthen infrastructure capacity to
achieve a knowledge-based society.

The results show that investments in R&D have a positive and significant effect on the
numbers of scientific papers published, total international patents granted, trademarks and
software registrations, indicating the importance of investments in R&D and adequate gov-
ernance for increasing research results.

The results of both models indicate the importance of adequate STI policies and new
STI institutions to achieve better results in the generation of knowledge and to promote
innovation and new technologies in the productive sector. According to the European
Commission (2015), STI policies should be analysed considering the following aspects:
(i) whether they target the generation and transfer of new technologies and innovations to
drive economic growth and sustainable development; (ii) whether they promote the cre-
ation of new technologies that encourage research and support innovation; (iii) whether
they structure adequate regulatory and governance frameworks for disseminating technolo-
gies, especially for micro, small and medium-sized enterprises, and whether they promote
industrial diversification and encourage higher value-added commodities; (iv) whether
they promote social innovation to support welfare and sustainable livelihoods; (v) whether
they enhance knowledge sharing and cooperation between stakeholders, such as govern-
ments, firms, academia and civil society, according to the four-helix model; (vi) whether
they increase the finances and policies targeting research and technological development
with strategies of open access to follow the research process, investments and results; (vii)
whether they strengthen international cooperation and STI collaboration to achieve mutual
benefits and pertinent knowledge in various regions; and (viii) whether they prioritize areas
such as health, food security, value added for commodities and agricultural productive
capacity. These elements are important for allowing policy makers and decision makers
to succeed and achieve results that promote the development and creation of a knowledge-
based society.

5.5 Short-run dynamics

The results of the cointegration tests are shown in Table 9. The absolute values of the cal-
culated test statistics for all the residuals are less than its critical value at the 5% level,
indicating that neither of the series are cointegrated. The variables in the model are coin-
tegrated, indicating that the use of an error correction model mechanism representation is
adequate to evaluate the short-run dynamics.

To determine the relationship in the short run, the estimated model results are reported
in Tables 10 and 11. The Adj-R2 for the majority of the models is over 0.70, suggesting
that such an error correction model fits the data reasonably well. More importantly, the
error correction coefficient has a negative and highly significant sign. This result confirms
the long-run relationship among the variables in this model.

These estimations indicate that variables such as scholarships, patents, trademarks and
independence have long-run relationships, which is fundamental to defining adequate STI
policies and determining their effectiveness in promoting knowledge generation and eco-
nomic growth and development.
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6 Conclusions

In this study, we analysed the new Colombian institution represented by the MSTI through
different correlation exercises built with quantitative and empirical methods. We deter-
mined the importance of the transparency and independence of the new institution in
Colombia to its mission to achieve new knowledge, technologies and innovation to pro-
mote growth and sustainable development.

The two models indicate the importance of adequate policies and the new MSTI for
achieving better results in the generation of knowledge and the promotion of innovation
and new technologies in the productive sector. Higher investments in STIAs could be gen-
erated through the higher transparency and independence associated with the new institu-
tion, and the variables related to human resources indicate a positive and significant effect
on the numbers of national master’s and PhD programmes, total scholarships, research
groups recognized by Colciencias, public expenditure in education as percentage of GDP
and investment expenditures of Colciencias.

The MSTI must operate with a significant degree of autonomy, and its mandate should
be to encourage everything related to STIAs in coordination with general economic policy.
The MSTI must have the essential characteristic of formulating policies with a long-term
perspective independent of the political cycle.

This study establishes different policy implications, especially for new institutions and
the new MSTI, based on the different possibilities identified in the analysis. The results
can help with the following areas: increasing funds and determining effective allocation
based on new government projects and STI requirements; identifying the main barri-
ers experienced by STIAs and R&D investment with the aim of addressing new policy
instruments to encourage these investments to achieve the expected results; determining
priorities and selectivity for STIAs and R&D investments to direct them towards areas,
activities, processes or projects with the greatest potential for internationalization and the
highest value; and aligning STI policy with other policies related to human capital, pro-
ductive development, foreign direct investment and competitiveness, among others. These
issues are important for positioning STI and knowledge generation as drivers of produc-
tivity and competitiveness in Colombia to transform commodities into high-tech products
and services with greater possibilities for commercialization and to sell knowledge and
technology.

Future research should analyse the possibilities and priorities in STI investments to
guarantee an effective transformation from knowledge to technology and innovation prod-
ucts; analyse and evaluate the efficient allocation of STI investments, taking into account
financial sources and types; suggest new STI policies; determine the effects of STI invest-
ments and policies on strengthening value chains, competitiveness and knowledge spillo-
ver; and establish and allocate the necessary resources to guarantee effective knowledge
results and promote development based on STI.

The findings of this study are important for establishing adequate governance for STI in
Colombia and other emerging economies that seek to promote knowledge-based develop-
ment and growth, support the application of technology and innovation, improve the pro-
ductive sector and enhance the welfare of the population.

@ Springer
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