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Abstract 

Introduction: 

Human capital (HC) has emerged as a key area of interest within the scientific community, as it comprises 

intangible assets that contribute to competitive advantage and long-term institutional development. In higher 

education, the role of HC in enhancing scientific output is gaining increasing relevance, particularly in public 

universities in developing regions. 

Objective: 

This study aims to evaluate the influence of human capital on scientific production in a public Higher 

Education Institution (HEI) located in Norte de Santander, Colombia. 

Methods: 

A quantitative explanatory design was used, combining primary data from a validated Likert-scale survey of 

205 researchers with secondary data from Minciencias. Structural Equation Modeling (SEM) and Exploratory 

Factor Analysis (EFA) were applied to assess the relationship between latent variables and scientific 

production. 

Results: 

SEM results showed that human capital exerts a positive and statistically significant influence on scientific 

production. The explanatory power of the model was high, with an R² value of 0.88. The most influential 

dimensions included researcher training, qualified experience, motivation, attitude, and research 

competencies. 

Conclusions: 

Human capital is a critical and sufficient factor in explaining scientific production in the studied HEI. The 

findings support the development of institutional strategies to strengthen researcher competencies, enhance 

motivation, and promote academic excellence. This research contributes to the theoretical and practical 

understanding of the relationship between HC and scientific productivity in higher education contexts. 

Keywords: 

Emerging markets, Quality culture, Configurational model, Systems thinking, Organizational performance. 
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1. Introduction 

Human capital (HC) plays a key role in 
organizational management and is considered a 
source of competitive and strategic advantage. In 
the existing literature, the definition of human 
capital, according to [1], has encompassed a wide 
range of meanings and applications across various 
disciplines. As a result, there is insufficient clarity 
for applying these concepts effectively to achieve 
competitive advantage. 

 
The origins of HC theory stem from the field of 

economics. According to [2], theoretical 
approaches to the study of HC analyze the 
individual and social effects of investment in both 
formal and informal education. Additionally, 
concepts such as skills, competencies, and 
knowledge are rooted in disciplines like 
psychology, labor sociology, and management 
studies. 

 
The objective of this article is to evaluate the 

influence of human capital on scientific production 
in public Higher Education Institutions (HEIs) 
through a case study. To achieve this, a 
quantitative approach was applied using 
Structural Equation Modeling (SEM). Primary data 
were collected through a Likert-scale survey 
administered to 205 researchers from a public HEI 
in Norte de Santander, Colombia. Secondary data 
regarding scientific production were obtained 
from Minciencias. In line with this approach, the 
following hypothesis is proposed: Human capital 
influences the scientific production of researchers 
at a public HEI in Norte de Santander, Colombia. 

 
This article is structured as follows: first, the 

introduction and research hypothesis are 
presented; then, the theoretical framework is 
developed, including background and definitions 
of human capital. Next, the methodology is 
described, detailing the hypothesis, research type, 
method, design, population and sample, data 
collection techniques, and instruments. The 
following section presents the results and 
discussion, and the article concludes with the main 
findings of the study. 

 
 

2. Theoretical Framework 

 

During the 1960s, the processes of 

recruitment, selection, induction, and management 

of human capital (HC) began to be developed [3]. 

The concept of human capital was strengthened 

through Human Resource Management, in 

response to the new challenges faced by 

organizations. This led to the formation of 

specialized HR sub-departments with expanded 

responsibilities in areas such as organizational 

climate, planning, communication, participation, 

motivation, total quality, employee training, and 

skills development [4]. 

 

In the 1970s, personnel management 

processes became more formalized. However, it 

was in the 1980s when Human Resource 

Management emerged formally, alongside the 

establishment of labor associations, such as trade 

unions, and the formalization of hiring and 

dismissal procedures. This era is often referred to 

as the "golden age" of human capital, as it marked 

the development of a scientific and structured 

model encompassing human resource planning, 

recruitment and selection, training, labor relations, 

occupational safety, and employee motivation [5]. 

 

Theoretically, human capital began to gain 

relevance in the late 1950s and early 1960s, 

according to [6], when several scholars sought to 

explain how a country's population contributes to 

its economic and social development. According to 

[7], [8], and [9], the availability of physical capital 

does not determine a nation's economic 

productivity; rather, it depends substantially on 

the level of education and the quality of its human 

capital. For this reason, authors such as Gary 

Becker and Jacob Mincer focused on the return on 

individual and business investment in worker 

education [10]. 

 

According to [11], [12], and [13], human 

capital refers to the knowledge and skills or 

training of workers as a form of capital acquired 

through education and experience, with a 

deliberate investment that yields returns over 

time [14]. Due to its intangible nature, human 

capital has become a field of study shared by 

economics, public policy, and management 

sciences. According to [15], there is a migration or 

"brain drain" of human capital from one country to 

another based on economic capacity, which 

increases competitiveness and productivity [16]. 

 

In Higher Education Institutions (HEIs), 

human capital is understood, as agreed by authors 

such as [17] through [25], as the knowledge 

possessed and applied by professors, researchers, 

students, and administrators. This capital is 

acquired through experience, training, and 

continuous development, and is essential for the 

effective execution of institutional processes and 
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activities. According to [26], HC in HEIs includes 

variables such as the number of doctoral 

researchers and faculty members, among others. 

 

Scientific production is defined as the output 

of researchproducts, includingresearcharticles, 

books, bookchapters, patents, utilitymodels, 

technologicalproducts, architecture, and design, 

amongothers [27]. These outputs are 

primarilygeneratedbyuniversities and research 

centers, whetherpublicorprivate. 

 

Historically, according to [28], 

scientificproduction has shown a 

logarithmicevolutionwith a 

constantannualgrowthrateacrossallknowledgearea

s, particularly in articles and reviewspublished in 

the ten mostproductivecountries. 

Thisincreaseislargelyattributed to a rise in 

research in medicine, biology, physics, and 

astronomy, withthehighestnumber of 

publicationsrelated to heartdisease, 

coronaryconditions, and cancer in theUnitedStates, 

and biochemical and agriculturalresearch in 

othercountries. 

 

According to [29], theincrease in 

scientificproduction (SP) indexed in 

Scopusfromthe ten 

mostproductivecountriesbetween 1996 and 2015 

showed a significantgrowthrate. China led with a 

15.11% increase, followedby India with 9.86%, 

and Japanwith a smallergrowthrate of 1.32%. 

Notably, thegrowthratedeclinedfromthefirstperiod 

(1996–2005) to thesecond (2006–2015) forall ten 

countriesanalyzed, except India, 

whichnearlydoubleditsgrowthrate. In contrast, 

Japanexperienced a negativegrowthratedue to a 

reduction in publications, as shown in Table.  

 
Country No. of 

Publication
s (1996–

2005) 

Growt
h Rate 
(1996–
2005) 

Growt
h Rate 
(2006–
2015) 

Growth 
Rate 

Variatio
n 

United 
States 

9,360,233 2.84% 4.29% 1.16% 

China 4,076,414 15.11
% 

21.15
% 

9.16% 

United 
Kingdo
m 

2,624,530 3.76% 4.78% 2.11% 

German
y 

2,365,108 3.80% 5.62% 2.02% 

Japan 2,212,636 1.32% 3.92% -1.34% 

France 1,684,479 3.39% 4.61% 1.84% 

Canada 1,339,471 4.13% 5.68% 2.30% 

Italy 1,318,466 4.97% 5.58% 3.93% 

India 1,140,717 9.86% 7.69% 11.39% 

Spain 1,045,796 6.55% 8.18% 4.53% 

 

In LatinAmerica and Ibero-America, according 

to [30] and [31], theevolution of 

scientificproduction (SP) 

isestimatedusingtheScimagoInstitutions Rankings 

Ibero-America (SIR IBER) and 

theScimagoInstitutions Rankings LatinAmerica 

(SIR LAC). asseen in thefollowing figure, there has 

been a positive trend in thequantity and quality of 

scientificpublicationsproducedby Ibero-American 

and Latin American universitiesindexed in Scopus. 

 

according to the figure above, 

scientificpublicationsindexed in 

Scopushaveshownsignificantgrowth in 

recentyears. In theLatin American region, 

therewasanincrease of 122 institutionsincluded in 

the SIR LAC ranking between 2009 and 2011, 

representing 6% participation in the global 

ScimagoInstitutions Rankings (SIR World) 

duringthatperiod. From 2012 to 2016, thenumber 

of new institutionsentering SIR LAC grewby 315, 

raisingtheregion’s share to 7% in the global 

ranking. In theperiod 2017 to 2019, 

thenumberpeaked at 1,586 institutions, 

followedby a decline of 31 institutionsbetween 

2020 and 2021. Notably, during 2017 to 2021, 

LatinAmericacontributed 8% to the SIR World 

ranking [31, 32]. 

Regardingthe Ibero-American region, between 

2009 and 2011, thenumber of institutionsgrewby 

126, accountingfor 9% participation in the SIR 

World ranking. From 2012 to 2016, 

theincreasewas 135 institutions, reaching 10% 

participation. Duringthe 2017 to 2019 period, 34 

more institutionswereadded, 

withparticipationrising to 11%. However, between 

2020 and 2021, a decrease of 29 

institutionswasrecorded. 

Thistrendindicatesthatoverthe 13-year 

periodanalyzed, there has been a gradual increase 

in thenumber of universities in bothLatinAmerica 

and Ibero-Americaindexed in Scopus, 

therebyexpandingtheirpresence in the global SIR 

World ranking. 

Thissustainedinclusionreflectstheconsolidation of 

scientificproduction (SP) in 

theregion’shighereducationinstitutions [31, 33, 

34]. 
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3. Methodology 

This study followed an explanatory research 
design with a quantitative approach. To measure 
intellectual capital (IC), primary data were 
collected through a Likert-scale survey 
administered to 205 researchers. The instrument 
underwent content validity assessment by five 
experts, criterion validity via Cronbach’s alpha, 
and construct validity through Bartlett’s test of 
sphericity and the Kaiser-Meyer-Olkin (KMO) 
measure. Subsequently, Exploratory Factor 
Analysis (EFA) was used to refine and select the 
items. 

 
For the analysis of scientific production, 

secondary data were obtained from Minciencias. 
Additionally, for the evaluation of scientific 
knowledge dissemination, data were gathered on 
the h-index and participation in conference 
proceedings indexed in Scopus and Web of Science 
(WoS). 

 
Method. The study employed the hypothetico-

deductive method, as it proceeds from a general 
analysis of IC, scientific production, and 
knowledge dissemination toward a more specific 
examination within the context of public Higher 
Education Institutions (HEIs) in the Santander 
region of Colombia. 

 
Research Design. A non-experimental, cross-

sectional, mixed-source, multivariable design was 
used. Data were collected at a single point in time, 
with no manipulation of variables. The design is 
considered multivariable because it includes one 
independent variable (IC) and two dependent 
variables (scientific production and knowledge 
dissemination). 

Research Paradigm. This study is grounded in 
the positivist paradigm, as it aims to explain the 
influence of intellectual capital on both scientific 
production and the dissemination of scientific 
knowledge using measurable variables and 
statistical modeling. 

 
Data Processing and Analysis. Responses were 

tabulated according to frequency distributions and 
analyzed using Structural Equation Modeling 
(SEM) techniques. 

 
4. Resultados 

The results of this study were obtained 
through Structural Equation Modeling (SEM), 
which allowed for the validation of the hypothesis 
and the identification of the most relevant Human 
Capital (HC) factors that influence scientific 
production. SEM enables the estimation of effects 

and relationships between study variables [35, 
36]. 

 
In this study, HC was examined through three 

latent variables: Researcher Attitude, Researcher 
Motivation, and Researcher Competencies. 
Additionally, two observed exogenous variables—
Qualified Experience and Academic Training of 
Researchers—were analyzed. These two variables 
were not measured on Likert scales; instead, they 
were parametric variables obtained from 
Minciencias. 
 

Global Model 

The global model represents the most 

important outcome in SEM, as it determines the 

overall adequacy of the theoretical model. In this 

study, nine goodness-of-fit indices were used to 

evaluate the model: Chi-Square (χ²), RMSEA (Root 

Mean Square Error of Approximation), CFI 

(Comparative Fit Index), TLI (Tucker-Lewis 

Index), NFI (Normed Fit Index), GFI (Goodness of 

Fit Index), AGFI (Adjusted Goodness of Fit Index), 

and SRMR (Standardized Root Mean Square 

Residual). 

 

The model links the latent variable Human 

Capital to the latent endogenous variable Scientific 

Production, assuming a normal distribution and 

using the Diagonally Weighted Least Squares 

(DWLS) estimation method. This estimation 

technique assumes an underlying latent normal 

distribution for each observed categorical variable 

[37, 38], and works with polyserial correlations 

(correlations between ordinal variables). The 

optimization method selected for DWLS was 

Nonlinear Minimization subject to Box Constraints 

(NLMINB). 

 

The implementation of the SEM was carried 

out using the SEMOPY library in the Python 

programming language (version 3.11) [39] and the 

LAVAAN library in R (Rosseel, 2012). To evaluate 

the significance of relationships between 

exogenous and endogenous variables within the 

structural model, p-values were used with 

significance levels of 1% (), 5% (**), and 10% () ** 

 

 

 

. 
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Thismodelwasevaluatedfromthreeperspectives: 

 
IndicatorReliability. Thisrefers to 

theevaluation of factor loadings of 
theindicatorsrelative to theirrespectivelatent 
variable (orconstruct). 
Therecommendedthresholdis a factor 
loadinggreaterthan 0.70, althoughloadingsaround 
0.60 are alsoacceptable [32]. In 
theproposedmodel, 
allindicatorloadingsmeetthisrequirement. 

 
ConvergentValidity. Thisassessestheextent to 

whichelements of 
themeasurementscaletheoretically relate to 
theconstruct, basedontwocriteria: 

(1) Compositereliabilityforeachlatent variable 
shouldexceed 0.70, and 

 (2) AverageVarianceExtracted (AVE) 
shouldexceed 0.50 [33]. 

 
In thisstudy, convergentvalidityisconfirmed, 

as allvaluesexceedtherequiredthresholds 
(seeTable). 

InternalConsistency. In thisevaluation, 
Cronbach’salphacoefficientsshouldexceed 0.70 
[34], although in some cases 
slightlylowervaluesmay be accepted. Theresults of 
thisstudyconfirmthatallindicesmeetorsurpassthet
hreshold.  
 

Resultados modelo de la medida 

Varia
ble 

Dimensions CompositeReli
ability 

AV
E 

Huma
n 
Capit
al 

ResearcherAttitu
de 

0.81 0.7
7 

 
ResearcherMotiv
ation 

0.70 0.6
1  

ResearcherComp
etencies 

0.74 0.6
9 

 

Structural Model 

The structural model tests the significance of 
the indices in the causal relationships, both direct 
and indirect, within the proposed model. The p-
values are reported with confidence levels of 99% 
(), 95% (**), and 90% () **. The validation of the 
structural model is presented below in next figure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
In this SEM model, the latent variables are 

related to scientific production. For this purpose, a 
transformation from a Poisson distribution to a 
normal distribution was performed, using the 
Diagonally Weighted Least Squares (DWLS) 
estimation method. As the model does not rely on 
continuous data (i.e., it does not use the Maximum 
Likelihood estimation method), ordinal data were 
employed instead. Consequently, polyserial 
correlations between variables were used, since 
two different types of measurement scales were 
applied. 

 
The first was a non-parametric Likert scale 

used to assess Human Capital based on the 
following dimensions: Training, Experience, 
Attitude, Motivation, and Competencies of the 
researchers. The second scale involved parametric 
data related to Scientific Production, including the 
publication of articles, books, and book chapters. 

Goodness-of-fit indices were also estimated, 
and both the measurement model and the 
structural model were evaluated to determine 
whether the research hypothesis could be 
accepted or rejected. Finally, the direct effects of 
the path coefficients were analyzed in terms of 
their sign (positive or negative) and magnitude; 
only direct effects were considered in this study. 

An important indicator in SEM analysis is the 
explained variance (R²). According to [41], R² 
represents the proportion of variance in the 
dependent variable explained by one or more 
independent variables in a regression model. R² 
values range from 0 to 1, with values closer to 1 
indicating better model fit. In this study, the model 
yielded an R² value of 0.88, meaning that 
approximately 88% of the variance in scientific 
production (dependent variable) is explained by 
human capital (independent variable), which 
demonstrates a high predictive power.  
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5. Discussion 

In line with this, results showed that human 
capital has a positive and statistically significant 
influence on scientific production at the public HEI 
studied in Norte de Santander, Colombia, with a p-
value of 0.029 (significant at the 95% confidence 
level), and a correlation coefficient of 2.73* with a 
positive effect. Specifically, the dimensions of 
researcher attitude, motivation, and competencies 
showed strong positive contributions. 

 
The researcher training dimension also 

showed a positive and highly significant influence 
on scientific production, with a p-value of 0.000* 
(99% confidence level), and a correlation 
coefficient of 0.85*. Similarly, the qualified 
experience of researchers was also positively and 
significantly related to scientific output, with a p-
value of 0.000* and a correlation coefficient of 
0.74*. 

 
These findings support the acceptance of H1: 

Human Capital influences the scientific production 
of researchers in a public HEI in Norte de 
Santander, Colombia. 

 
Several studies support these findings. For 

example, [42] demonstrated that researcher 
training at the master's and doctoral level 
positively influences scientific output at the 
Universidad Católica de Colombia. [43] found that 
doctoral-level training among 85 faculty and 
researchers at the Universidad de Guayaquil 
(Ecuador) significantly increased scientific 
production. [44] also confirmed that researchers 
affiliated with the Brazilian National Council for 
Scientific and Technological Development (CNPq) 
who held higher academic degrees contributed 
more to intellectual output. 

 
Empirical research also confirms the influence 

of qualified experience on scientific output. [45] 
showed that researcher experience significantly 
increased article production at public universities 
in Jordan (University of Jordan, Jordan University 
of Science and Technology, Yarmouk University, 
and Hashemite University). [46]likewise 
demonstrated that female researchers’ experience 
contributed to academic and scientific output at 
both public and private universities in Syria. 

Regarding the dimensions of human capital, 
the Researcher Attitude dimension (observations 
H1, H2, and H3) was statistically significant and 
positive, with a p-value of 0.000* (99% confidence 
level) and a correlation coefficient of 0.77*. This 
confirms that all three items reliably measure the 
dimension: H1 (0.85***), H2 (0.86***), and H3 
(0.81***). 

Other empirical studies also validate the role 
of attitude in scientific output. [47] found that 
researchers' attitudes significantly influenced the 
scientific output of 6,344 researchers from 15 
countries. [48] explored how the attitudes of 200 
researchers—including Ph.D. students at UiT The 
Arctic University of Norway—influenced open-
access publication and the generation of new 
knowledge. Similarly, [49] found that ethical 
research attitudes positively influenced the 
scientific output of 100 researchers at the 
Hormozgan University of Medical Sciences in Iran. 

 
The Researcher Motivation dimension 

(observations H4, H5, and H6) was also positive 
and statistically significant, with a p-value of 
0.000* and a correlation coefficient of 0.91*. The 
individual coefficients were: H4 (0.72***), H5 
(0.86***), and H6 (0.70***), confirming the 
internal consistency of this construct. 

 
[50] found that motivation significantly 

influenced the scientific production of 228 
researchers in Japan’s public HEIs in the fields of 
natural sciences, mathematics, and engineering. 
[51] also demonstrated that researcher 
motivations in Malaysia included publishing in 
indexed journals (Scopus and WoS) and forming 
international research networks. 

 
Finally, the Researcher Competencies 

dimension (observations H7, H8, and H9) was 
found to be positive and statistically significant, 
with a p-value of 0.000* and a correlation 
coefficient of 0.73*. The individual indicators 
were: H7 (0.87***), H8 (0.85***), and H9 (0.83***), 
confirming the conceptual validity of the 
dimension. 

 
Other studies reinforce these findings. [52] 

confirmed that research competencies 
significantly influenced the scientific production of 
29 industrial engineering professors at a private 
university in Lima, Peru. [53] identified essential 
competencies among Iranian research centers, 
such as creativity, innovation, cognitive abilities, 
writing skills, and responsibility. [54]confirmed 
that 325 researchers from the University of Punjab 
and Government College University in Pakistan 
possessed competencies in research design, 
statistical software, and academic writing, all of 
which had a positive impact on the quality of their 
scientific output. 
Conclusions  

The results of this research statistically, 
theoretically, and empirically confirm that human 
capital (HC) has a positive and significant influence 
on the scientific production (SP) of researchers at 
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a public Higher Education Institution (HEI) in 
Norte de Santander, Colombia. In this regard, the 
proposed hypothesis is validated. 

This positive and significant relationship was 
demonstrated through five key dimensions of HC: 

Researcher training, where SP was found to be 
directly proportional to the academic level of 
researchers. Notably, researchers holding doctoral 
and master's degrees accounted for 94% and 96% 
of the total SP, respectively. 

Qualified experience, where researchers 
ranked as Senior by the Colombian Ministry of 
Science, Technology, and Innovation (Minciencias) 
were identified as the most productive and the 
highest in terms of scientific quality. Conversely, 
researchers in the Associate category were found 
to be less productive. 

Researcher attitude, which plays a critical role 
in producing high-impact research outputs that 
address real-world problems and contribute to the 
generation of new knowledge. 

Researcher motivation, driven by economic, 
professional, hierarchical, or other incentives, was 
shown to enhance scientific productivity. 

Researcher competencies, especially in 
academic writing and data processing, were 
among the most decisive factors in generating 
scientific publications. 

Human capital, when enriched with these 
skills and abilities, contributes significantly to the 
publication of articles, books, and book chapters. 
Therefore, HEIs should actively support the 
development of these competencies among their 
researchers to strengthen institutional research 
output and impact. 
 
Future Research Directions 

 
Future studies should conduct longitudinal 

analyses on how human capital evolves over time 
in Higher Education Institutions (HEIs), especially 
in relation to research productivity, academic 
career development, and institutional research 
capacity. Additional research could explore the 
role of artificial intelligence and data analytics in 
optimizing talent management and scientific 
knowledge dissemination. Moreover, comparative 
studies across different institutional, disciplinary, 
and regional contexts would help uncover patterns 
and divergences in how human capital contributes 
to scientific production, offering valuable insights 
into both global trends and local challenges in the 
pursuit of academic excellence. 
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