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ABSTRACT KEYWORDS
Training the high-order competency of complex thinking encompasses Complex thinking;
addressing its sub-competencies of critical, innovative, scientific and sys- educational innovation;

temic thinking. In this framework, how do the practices of reasoning for higher education;
complexity in Latin American institutions differ from other regions? This C?mpar?t"’e agalyglsl; "
study focused on comparing training practices that promote complex think- :;z:a:tr'xocrae entials word;
ing in national and international educational entities through analysis of

their programs and alternative professional credentials to identify best edu-

cational practices. The comparative education method benchmarked the

selected institutions and compared the best educational practices. The four

categories of analysis were the philosophical, theoretical, and political com-

ponents and the educational process. A significant-document analysis was

applied to publications found on the websites of 19 educational institutions,

and the data were triangulated. The findings accounted for (a) educational

institutions seeking to educate individuals who can improve the quality of

life in society and contribute to sustainable development, (b) educational

practices aimed at developing complex thinking competencies and lifelong

learning as essential for new educational models, (c) the collaboration of

researchers, faculty, and other stakeholders, and appropriate tools for for-

mative assessment, promoting the development of complex reasoning com-

petencies in changing environments, and (d) educational processes focused

on developing high skills, innovation, and digital transformation as essential

for designing the future of education. This study is intended to be of value to

managers, decision-makers, professors, researchers, and society interested in

creating new programs to develop high-level capabilities, such as complex

thinking.

Introduction

In changing environments, complex thinking is a critical skill for problem-solving and decision-
making. According to Ramirez-Montoya, Castillo-Martinez, et al. (2022) complex thinking is indeed
a macro-competency made up of critical, innovative, scientific and systemic thinking, to be integrated
in the training of higher education students to effectively face the challenges of today’s society. Its
scope entails transforming the worldview through a shift from the classical paradigm of education
(Sigahi et al.,, 2023). The author to whom its notion is attributed, Morin (2010), points out that the

CONTACT M. Portuguez-Castro @ may.portuguez@pucp.edu.pe @ CENTRUM Catélica Graduate Business School, Lima 15023,
Peru

© 2024 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which this article has been published allow the
posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0002-1274-706X
http://orcid.org/0000-0002-8220-6891
http://orcid.org/0000-0001-8488-5499
http://orcid.org/0000-0001-7531-6956
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15348431.2024.2329671&domain=pdf&date_stamp=2024-03-16

2 M. S. RAMIREZ-MONTOYA ET AL.

traditional paradigm isolates things rather than connects them. Therefore, adopting a new paradigm
that fosters critical reflection and generates new ways of thinking to address problems more effectively
is necessary.

Complex thinking has received recent attention in various educational contexts in Latin America,
as researchers explored its implications and intricacies in more detail. A study conducted in an
undergraduate student population found no significant differences in perceived achievement of
complex thinking across disciplines, challenging the notion that certain types of reasoning are specific
to some professions (Vazquez-Parra et al., 2022). In another study focused on female university
students, although no statistically significant differences were observed between men and women in
the acquisition and development of complex thinking, a disparity was observed in the development of
procedural knowledge among women, which had an impact on their perception of their ability to solve
problems (Cruz-Sandoval et al.,, 2023). Further, an exploratory study by Sanabria-Z et al. (2023)
showed that male students in selected Latin American countries had a higher perception of complex
thinking, especially in tech-based disciplines. The findings of these studies underscore the importance
of gaining a deeper understanding of the nuances of complex thinking in the Latin American context
and lay the groundwork for further exploration of how universities foster this core competency.

Understanding how universities are imparting and stimulating the growth of complex thinking
through different educational approaches is crucial. The most successful university institutions will
equip their graduates with high-level critical and analytical thinking skills (Alkhatib, 2019).
Consequently, models that foster essential life skills and workplace performance are gaining more
support in higher education institutions and can be appropriately complemented with alternative
certifications (Braxton, 2023). In the Latin American context, it is also crucial to develop high skills in
the more than 30 million university students, as well as to increase opportunities for training
programmes. Ramirez-Montoya, McGreal, et al. (2022) emphasize the need to rebuild people’s
learning spaces and expand possibilities, especially in university settings in emerging countries.
Comparing universities’ different programs and credentials for developing complex thinking allows
for identifying their strengths and areas for opportunity.

This study is innovative in the academic field because it aims to compare formative practices that
promote complex thinking in national and international educational institutions and other entities
through an analysis of their programs and alternative professional credentials to identify best educa-
tional practices. This research seeks to be valuable for managers, decision-makers, teachers, research-
ers, and society interested in improving educational programs to train graduates in the high-level
critical and analytical thinking skills that are highly valued in today’s job market. The article may be
particularly relevant for Latin America, where the complexity of problems in different areas of society
requires uniquely creative solutions and innovative thinking.

Educational models to promote high abilities in universities

Universities are increasingly adopting educational models to prepare students with high-level skills,
including complex thinking, to face life’s challenges. These models focus on developing knowledge,
skills, and attitudes applicable to real situations and promote creative and critical thinking (Kulik et al.,
2020; Misbah et al., 2022). In these models, learning outcomes are measured by students’ mastery in
different areas (Salykova et al., 2022), aiming to train individuals with digital skills and competencies
to make decisions under conditions of uncertainty (Leybert et al.,, 2022). Additionally, they are
designed to be more flexible and adaptable, allowing universities to adjust to the demands of society
and the job market.

The need to promote higher-order skills in universities arises because many lack technical and
knowledge-based skills to thrive today. Thus, educational models have emerged that seek to guide
skills development in complex environments (Ramirez-Montoya & Portuguez-Castro, 2024). The
relevance of these models lies in their ability to convey knowledge effectively while emphasizing vital
elements such as purpose, content, and structure (Escudero-Nahén & Ramirez-Montoya, 2021). In
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Table 1. Components of educational models based on M. S. Ramirez-Montoya (2010).

Components of educational models

Philosophical Shows the ideal and the path to understanding what education is and its purposes. It is related to the
component underlying paradigm: a set of beliefs, attitudes, values, and procedures.

Theoretical Considers the theories of learning, teaching, and socio-educational practices.
component

Political component Defines the strategies through which philosophy and theory intervene in educational reality. It requires
methods that help to learn throughout life and promote meaningful learning.

Educational process Refers to the operation of the model in the institution. Different types of learning and performance profiles
and plans that respond to those profiles are addressed.

this research, the components of the educational model declared by M. S. Ramirez-Montoya (2010)
were used in the analysis. These components are related to the ultimate goals (philosophy), internal
organization (theory), practical orientation (policy), and implementation (educational processes and
practice) (see Table 1).

The distinctive characteristics of these new educational models reflect a shift toward a more
dynamic and skills-oriented approach to education, which aims to equip students with the skills and
knowledge necessary to succeed in today’s world. One of these characteristics is the holistic approach,
aimed at increasingly integrating the Sustainable Development Goals (SDGs) into educational strate-
gies to address the planet’s challenges (Siez de Camara et al., 2021). On the other hand, models must
adapt to future societal needs. Changes caused by artificial intelligence and digitalization make
developing higher-order skills, lifelong learning, and recognition of learning more relevant
(Birtwistle et al., 2016). The most required skills are critical thinking, complex problem-solving,
leadership, innovation, and creativity (Wagenaar, 2019). Finally, learning environments are expected
to be more dynamic, where micro-credentials and lifelong learning occupy a relevant place in an
environment of reflection and debate.

Framework of the study: towards an understanding of the components of the educational model
The study is guided by the components of the educational model (M. S. Ramirez-Montoya, 2010),
which has been used in previous literature (M. S. Ramirez-Montoya, 2012; Sarango et al., 2021; Vicario
et al., 2021), these experiences have influenced the interest to analyze the components to identify and
understand its application in a complex thinking model.

The philosophical component in education focuses on the idea that educational aims and goals are
fundamental to any educational approach. This component seeks to show the ideal or direction that
education should take in order to truly understand what education is and what its goals are. In a macro
context, such as a country, educational philosophy can be observed through aspects such as the
Constitution which establishes the aims of education, such as human coexistence, the harmonious
development of the individual, the harmonious development of society and national identity. These
aims are not only objectives to be achieved, but also express a philosophy and a way of understanding
society and history. At the micro level, as in the work of teachers, their educational philosophy is
reflected in their actions and language, which demonstrates how educational philosophy is integrated
into their work. In short, educational philosophy is key, as it expresses the goals and social frame of
reference in which education takes place.

The theoretical component in education focuses on establishing a systematic and well-founded
understanding of a part of the reality of educational processes. This theory acts as a guide to
interpret that reality, orienting decisions and actions toward educational objectives. It is linked to
the historical aspects of the educational process and the context in which it takes place, as well as
to the future visions to be achieved. Educational theory represents the educational reality through
various educational sciences, with the purpose of researching and intervening in the educational
reality in formal, informal and non-formal settings, within a society. In this theoretical context,
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concepts are developed that make up the proposed educational model, where the “what” of
education is defined through relationships with the environment, with others and with oneself,
and the “how” is represented through methods, values and languages. Methods and languages are
seen as means of empowering people and guiding their relationships with the external world, while
values define judgments and attitudes, being central to setting learning goals and procedures. In
addition, the model addresses both the essential tools for learning and the very contents of basic
learning, including theoretical and practical knowledge, as well as values and attitudes necessary
for human development.

The policy component in the model is presented as a synthesis of the philosophical and theoretical
components, as it encompasses all modernization processes and defines the strategies by which
educational philosophy and theory intervene in educational reality. This involves involving teachers,
managers, parents and students in the application of teaching-learning procedures, focusing on
problem solving and the acquisition of skills for lifelong learning. The importance of developing an
understanding of the world, practical skills, empathetic and critical attitudes, and a holistic develop-
ment that includes body, mind, intelligence, sensitivity and spirituality. Education should also foster
intercultural respect and understanding, promoting curiosity about other cultures and intercultural
dialogue. In short, education must be of quality and committed to the integral formation of indivi-
duals, which implies a constant updating and improvement of teachers in various educational aspects.

The educational process encompasses the operation of the model in various contexts such as the
educational community, informal education, out-of-school education and formal education, which
includes school and where a wide range of learning takes place. In order to address these learnings, it is
crucial to identify basic needs, translate them into performance profiles and develop plans that match
these profiles by educational levels. These profiles must consider both the pedagogical aspect, which
represents the contents, skills and attitudes to be developed, and the political aspect, which reflects the
commitment of educational institutions and society toward students. In the selection of content, it is
essential to determine its relevance by identifying its purpose. In short, education must adapt to the
changing needs of society, while maintaining its fundamental aims and promoting research as a means
to strengthen educational processes and generate new knowledge.

Alternative credentials in universities for lifelong learning

The accelerated technological evolution causes a faster depreciation of labor competencies compared
to earlier times, creating gaps in employees’ skills. Lifelong learning refers to employees’ voluntary
development of these skills (Kato et al., 2020), which is integral to ensuring the development of
creativity (Antonova et al., 2020). This type of learning furthermore develops skills such as continuous
improvement, self-regulation, and self-efficacy (Kozikoglu & Onur, 2019). By investing in lifelong
learning, companies can retain and attract talented employees and stay competitive in an ever-
changing marketplace.

Higher education has created alternative credentials to provide the skills required in a changing
world. Such credentials can be categorized into certifications, badges, and micro-credentials (Kato
et al., 2020), which can be offered formally and informally inside or outside curricula (Alsobhi et al.,
2023). The foremost common are micro-credentials, short learning units in formats like MOOCs
(Wheelahan & Moodie, 2021). These represent a flexible, fast, and efficient way to acquire new skills
and stay current.

As Artificial Intelligence and automation develop, institutions and workers seek to develop new
competencies to keep them relevant to their jobs. Upskilling and reskilling are two fundamental
elements within lifelong learning that have become a priority for educational institutions due to the
need to accommodate the changes brought about by Industry 4.0 (Broo et al., 2022; Pradhan & Saxena,
2023). In research on the essential competencies for 2025, the following emerge as the highest priority
(Li, 2022): analytical thinking and innovation, active learning and learning strategies, complex
problem solving, critical and analytical thinking, and finally, creativity and initiative. Accordingly,
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lifelong learning is crucial for individuals and organizations to ensure competitiveness in the labor
market and to meet the demands of a fast-changing economy.

Reasoning for complexity: strategies, methods, and assessment

The reasoning for complexity in higher education is posited globally as a topic of great value
in enabling students’ transition into the current labor market. For UNESCO (Leicht et al.,
2018), developing skills to understand the complex environments we face is the means to deal
with the uncertainties and trade-offs of global society to achieve sustainable development.
Along the same lines, the OECD’s vision emphasizes strengthening reasoning skills to prepare
for immersion in digitalized societies and economies (Vincent-Lancrin et al., 2019).
Meanwhile, the World Economic Forum (WEF) identifies reasoning for problem-solving as
a fundamental job skill in the context of the 4th Industrial Revolution (World Economic
Forum, 2020). Reasoning for complexity is vital in facilitating the pathway from higher
education to the job market, combining strategies, methods, and assessment approaches across
disciplines.

In higher education, it is relevant to develop and apply strategies and methods to develop thinking
skills, as they provide a structured and intentional learning environment that promotes different types
of thinking and skills helpful in solving complex problems in the real world. For instance, studies
suggest that active learning strategies, including collaborative learning and guided inquiry, effectively
enhance complex thinking sub-competencies in higher education students, particularly critical think-
ing (Kusumoto, 2018; Nisa et al., 2018). Likewise, several studies claim that project-based learning,
where students apply knowledge to solve “real-life” problems, significantly improves the sub-
competencies of innovative and critical thinking and collaboration (Puspita & Aloysius, 2019; Rini
et al., 2020; Trisdiono et al., 2019). In addition, case-based and simulation-based learning approaches
also show benefits in complex thinking sub-competencies, particularly critical thinking (Gatti et al.,
2019; Mahdi et al., 2020). Even with the range of possibilities in educational strategies and methods, it
is essential to provide means to assess their effectiveness in interpreting student outcomes in the
competencies of interest.

Assessment in higher education often refers to judging student learning and is relevant to under-
standing their mastery of thinking sub-competencies. Of great recognition is the assessment of
thinking skills based on cases, which involves identifying problems, collecting information, and
proposing solutions to real situations (Qi et al., 2018). Multiple forms of measurement are known
as a multimodal assessment, which can comprehensively and effectively capture different knowledge
representations, for example, during work that involves digital mediation (Ross et al., 2020). While
relying on real-world contexts, so-called authentic assessments are often used for their relevance to the
scientific approach, holistically assessing students’ readiness, process, and outcomes (Chusni &
Suherman, 2021). Finally, among other existing types of feedback, we can mention reflection-based
assessments that connect with the meta-cognitive process involved in learning experiences and
situations intrinsic to complex thinking (Antonio, 2020). In general, a multifaceted approach to
assessing complex thinking skills in higher education needs to consider the context, the skills being
assessed, and the learning objectives, with various methods available to gain a more effective and
comprehensive understanding.

Method

The methodology used in this research was comparative education, i.e., analyzing educational models
in different regions and contexts (Hincapié Parejo et al., 2022). To conduct this qualitative study, we
benchmarked best practices in different institutions developing the complex thinking competency and
sub-competencies (Asif, 2015). According to Tamassia and Adams (2009), understanding education in
a country can be more comprehensive by interpreting national results in a broader international
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Figure 1. Methodological design based on Matarranz (2019).

context, allowing countries to identify their educational system’s strengths and weaknesses. Therefore,
this work’s methodology aimed to identify best educational practices for developing complex thinking
in higher education institutions.

Procedure

To carry out the research, we followed the procedure for comparative education studies proposed by
Matarranz (2019), as shown in Figure 1.

First, the research problem was defined as how the practices of reasoning for complexity in Latin
American institutions compare to other regions. To answer the research question, we intentionally
selected eight Latin American institutions as units of analysis to identify and compare practices to
achieve reasoning for complexity and its derived sub-competencies. Additionally, 11 institutions from
other regions were chosen based on their previous academic publications on complex thinking
development and integration into their educational models (Baena-Rojas et al., 2022; Pacheco-
Velazquez et al., 2023). The list of analyzed institutions is shown in Table 2.

The intentional selection of the eight Latin American institutions was aimed at covering a wide
range of educational practices and models that promote complex thinking, considering geographical
diversity, institutional profile, and readiness for collaboration and data access. The intention behind
this selection focused on capturing a representative spectrum of how complex thinking is addressed in
different educational contexts in Latin America, comparing it with institutions from other regions to
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Table 2. Institutions analyzed in benchmarking.

Type of
Institution institution Country  Foundation year Website
Universidad de Barcelona Public Spain 1450 https://web.ub.edu/es/inicio
Universidad de Cantabria Public Spain 1972 https://web.unican.es/
Universidad de Granada Public Spain 1531 https://www.ugr.es/
Universidad de Panama Public Panama 1935 https://www.up.ac.pa/
Universidad Técnica Particular de Loja (UTPL) Private Ecuador 1971 https://www.utpl.edu.ec
Tecnoldgico de Monterrey Private Mexico 1943 http://www.tec.mx/
Universidad Auténoma de México Public Mexico 1910 https://www.unam.mx/
Universidad Auténoma de Nuevo Leon Public Mexico 1933 https://www.uanl.mx/
Universidad Auténoma del Estado de Hidalgo Public Mexico 1869 https://www.uaeh.edu.mx/
Universidad Auténoma de San Luis Potosi Public Mexico 1923 https://www.uaslp.mx/
(UASLP)
Servicio Andaluz de Salud/Biblioteca del Area Government Spain 1984 http://www.bvsspa.es
de la Axarquia
Stanford University Private United 1885 https://www.stanford.edu/
States about/
Vanderbilt University Private United 1873 https://www.vanderbilt.edu/
States
University of California (UC) Public United 1869 https://www.universityofcali
States fornia.edu/
Michigan State University Public United 1885 https://msu.edu/
States
University of Cambridge Private United 1209 https://www.cam.ac.uk/
Kingdom
University of Edinburgh Public United 1583 https://www.ed.ac.uk/
Kingdom
Universidade Federal de Santa Catarina (UFSC) Public Brazil 1960 https://ufsc.br/
University of Auckland Public Australia 1883 https://www.auckland.ac.nz/
en.html

identify the best educational practices and thus contribute to the improvement and design of future
educational programs.

The selection process included institutions from various regions of Latin America, from North,
Central, and South America, to seek a balanced representation that reflected the region’s hetero-
geneity. Institutions with different profiles were also selected, including public and private uni-
versities, research institutes, and non-governmental organizations. This diversity allowed for the
exploration of how different types of institutions address challenges and opportunities in their
specific contexts. The willingness of institutions to collaborate and the feasibility of access to data
and participants were important practical considerations in the selection process. Institutions
willing to participate openly and transparently were sought, thus facilitating a deep and mean-
ingful analysis.

Once the units of analysis were identified, the information was collected using the technique of
significant document analysis, which consisted of searching the websites of the consulted institutions
for information related to the categories of analysis. The gathered information was then organized into
a matrix for subsequent analysis.

To identify relevant content on institutional websites, a systematic approach was used in which
a database was developed in a table showing specific selection criteria to ensure the accuracy and
relevance of data collection. The criteria framework includes components such as: 1) Type of
institution (public or private); 2) Components of the educational model: philosophical (mission and
vision), theoretical (competency-based educational model, lifelong learning, complexity), educational
process (organization, types of programs, mode of delivery, use of alternative credentials and evalua-
tion), policy (evaluation of complex thinking, incorporation into the curriculum, competencies
associated with complex thinking), and 4) Use of information and communication technologies
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(use of platforms for the development and evaluation of complex thinking, use of emerging
technologies).

This criteria framework allowed not only to identify relevant keywords for searches on institutional
websites but also to ensure that the selected institutions met specific requirements that guarantee their
relevance to the study. For example, institutions that demonstrated a clear commitment to education
and training in skills such as critical thinking and complex problem solving were especially valued,
reflected in both their national scope and their educational offerings. The main keywords were
associated with “complex thinking,” “competency-based education,” “innovative thinking,” “critical
thinking,” “systemic thinking,” “scientific thinking,” “emergent technologies.” The integration of these
criteria into the search and selection process sought to ensure that data collection was not only
exhaustive but also aligned with the specific objectives of the research on complex thinking in
educational contexts.

» «

Data analysis

A comparative analysis was carried out on the four elements of the educational models proposed by
M. S. Ramirez-Montoya (2010), p. 1) philosophical component, 2) theoretical component, 3) political
component, and 4) educational process, as shown in Figure 2.

The identification of themes was based on an analysis of the philosophical, theoretical, educational
process, and political components of each institution. The conceptual framework served as an essential
guide for this analysis, providing a structure upon which the varied information could be classified and
understood. This framework highlighted the importance of considering how the philosophical,
theoretical, process, and political aspects interact to form a cohesive educational model that promotes
complex thinking. The detailed review of institutional documents according to these components
allowed for a precise and contextualized identification of competencies and educational objectives,
facilitating a deep understanding of underlying educational intentions and their alignment with
complex thinking.

- Competency-based education

- Mission - Lifelong learning - Strategies for
- Vision achieving complex
- Values thinking

Theorerical

Component

Political
component

Philosophical
Component

- Types of programs
- Educational modalities
- Emerging technologies

Educational
process

Figure 2. Components of the educational model analyzed for benchmarking, based on M. S. Ramirez-Montoya (2010).



JOURNAL OF LATINOS AND EDUCATION 9

For the philosophical component, the mission, vision, and values were reviewed to identify the
institution’s educational purpose and ideal competencies in their graduates. Examining these elements
allowed us to understand how institutions position themselves regarding complex thinking and its
sub-skills, as well as to identify the competencies toward which the current educational model is
oriented for preparing students to face the challenges of an increasingly complex world. For the
theoretical component was considered whether competency-based learning theories, especially those
oriented toward complex thinking and lifelong learning, are applied in the institutions’ educational
practices. This evaluation aimed to determine if and how these theories are integrated into the
curriculum and teaching methods, thereby promoting the development of essential skills for navigat-
ing and contributing to a complex, ever-changing world.

For the political component, we reviewed how institutions incorporate and evaluate reasoning for
complexity and its sub-competencies. This involved analyzing the ways in which these educational
entities formalize their commitment to fostering complex reasoning abilities, through curriculum
development, teaching strategies, and evaluation methods. The focus was on identifying how institu-
tions prioritize and operationalize the cultivation of complex thinking skills, ensuring that graduates
are well-equipped to navigate and contribute to a multifaceted and interconnected world. Lastly,
regarding the educational process, we reviewed the types of programs, teaching modalities, emergent
technologies, and the relationship between graduates and employers. This analysis aimed to under-
stand how these aspects collectively contribute to the development and enhancement of complex
thinking skills among students, preparing them for the challenges and opportunities in the contem-
porary workforce.

Once the data were obtained, the findings were synthesized to present the main similarities and
differences among the institutions. Through an inductive analysis, all the data obtained were analyzed,
and codes were defined that allowed identifying more general themes associated with the character-
istics of the institutions. Also, the results were presented using hierarchical tree diagrams (Creswell &
Poth, 2018). This type of diagram is considered appropriate for presenting results in qualitative studies
because it showcases varying levels of abstraction. The lower part of the tree represents less abstract
concepts, while the upper part represents more abstract ones. Inductively, the most general informa-
tion is depicted, which in this case includes the elements of each component. Gradually, two more
general concepts are obtained, allowing for a review later to uncover additional relationships between
their components (Asmussen & Creswell, 1995). The analysis was performed using the software
MAXQDA 2022, finally proposing lines of action for improving educational models oriented toward
developing competencies related to reasoning for complexity.

Results

By comparing the formative practices in the analyzed institutions oriented toward developing reason-
ing for complexity, we obtained the results showed in Table 3 according to the categories of analysis.

These elements can be considered by those who develop curricula to create programs more
oriented toward the job market’s needs and the technologies to provide solutions to social problems
more proactively, critically, and analytically. Below, the findings for each of the analyzed components
are explained in detail.

Philosophical component

Institutions from Latin America and other regions demonstrated an interest in training students to
develop social commitment and critical thinking through education oriented toward solving current
societal challenges. It was found that most institutions have an educational model based on compe-
tencies, as is the case with the University of Barcelona, Cantabria, Granada, Tecnolégico de Monterrey,
Stanford University, among others. This development of competencies is based on the acquisition of
knowledge, skills, and attitudes that will enable future graduates to make positive changes in society.
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Table 3. Components of the educational model for developing complex thinking competencies.

Components of

the Education Universities where Competences

Model Purpose Competencies  Contribution to Complex Thinking were found
Philosophical Improvement of Social Establishes an educational University of Barcelona, University
component quality of life commitment paradigm that promotes deep of Cantabria, University of
Sustainable Critical thinking understanding, critical analysis, Granada, Tecnoldgico de
development and social responsibility, key Monterrey, Stanford University,
Leadership elements of complex thinking. University of Panama, UNAM,
Research UANL, Autonomous University
Creativity of Hidalgo, University of
Edinburgh, UFSC, University of
Auckland, Michigan State
University, University of
Cambridge, UTPL
Theoretical Competency-based Interdisciplinary  Provides a foundational UFSC, Tecnélogico de Monterrey,
component education educational approach that UNAM, Stanford University,
Lifelong learning  Complex fosters complex thinking by Vanderbilt University’s School of
reasoning integrating educational theories ~ Medicine, University of
Collaboration for critical competencies in California, University of
Microcredentials addressing complex problems Edinburgh, University of
continuously. Auckland, University of Granada
and the Andalusian Health
Service, University of
Cambridge.
Political Strategies Center or Support collaboration, effective UASLP, Tecndlogico de Monterrey,
component research formative assessment, and UNAM, University of Cambridge,
groups educational approaches that University of Panama, UTPL,
Evaluation Teacher training focus on developing advanced UFSC in Latin America,
Collaborative skills, innovation, and University of Edinburgh,
spaces adaptability to digital Auckland University, Vanderbilt
Formative transformation. University, University of
assessment California, Michigan State
tools University.
Educational Graduate profile Types of Addresses and fosters Tecnoldgico de Monterrey, UTPL,
process programs understanding of complexity in UASLP, Cambridge, Stanford,
Needs for careers  Educational education and society, University of Barcelona,
and personal modalities promoting critical thinking, Cantabria, Granada, and the

Andalusian Health Service,
Cambridge, UC, and Edinburgh,
UNAM, UASLP, and Michigan
State University, University of
Auckland

lives Emerging
technologies

adaptation and connection to
the real world, impacting
industry by meeting their
needs.

There is also an interest in contributing to sustainable development and prioritizing the role of the
student as a central agent in their learning process, as stated by the University of Panama. Likewise, it
is expected that these citizens contribute to society in a responsible manner with a global perspective,
as established by UNAM, UANL, and the Autonomous University of Hidalgo. In this sense, the
models’ characteristics included integrating the 2030 Agenda and the SDGs and holistic approaches.

The competencies sought to be fostered in students are diverse. For instance, the mission of UASLP
is to comprehensively train individuals with critical thinking and social commitment to be capable of
creating and applying scientific knowledge for sustainable development and improving society’s
quality of life. Similarly, Stanford University aims to develop students who contribute their leadership
to provide impactful solutions for a complex world. For Michigan State University, it is important to
nurture future leaders to create positive change, and the University of Cambridge emphasizes creative
problem-solving, critical analysis, and effective communication as skills to be developed in their
students.

Another notable element in this component is the pedagogical and philosophical foundations of
educational models, in which the universities’ actions are sought to be grounded, like UTPL and the
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Figure 3. Philosophical component in developing complex thinking competencies.

Universidad Autéonoma de Hidalgo. Within their actions, research development for problem-solving,
creativity, and leadership have been promoted, such is the case for the University of Edinburgh, UFSC,
and the University of Auckland, which aim for global transformation through research and
collaboration.

For the promotion of complex thinking competency these universities emphasize the importance of
holistic development, viewing education not merely as a means to acquire qualifications, but as
a transformative process aimed at nurturing individuals with a strong sense of social responsibility
and the ability to think critically. The emphasis lies on fostering a deep understanding of societal issues
and encouraging students to engage in meaningful contributions that address these challenges. The
philosophical foundation underscores the belief that education should instill a profound commitment
to improving society and empower graduates to drive positive change through their acquired compe-
tencies. Figure 3 shows the ideal of competencies and the purposes sought to be achieved by the
institutions.

Educational institutions can consider these elements when designing competency-based educa-
tional models aimed at their graduates’ contributions toward improving the quality of life and
sustainable development as ideals of education.

Theoretical component

Universities in LATAM and other regions declare having competency-based educational models,
including them in their study programs and promoting lifelong learning. However, not all institutions
declare developing complex thinking as a competency. For example, universities such as the University
of Panama, the University of Nuevo Leon, and Cantabria University do not mention training in
complex thinking.
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Regarding LATAM, it is noteworthy that UFSC promotes interdisciplinarity in its study
programs and includes complexity in problem-solving in its research groups. Tecnoldgico de
Monterrey includes reasoning for complexity within its competencies seeking to develop skills
and knowledge that enable students to face the challenges of the modern world, while UNAM
develops the four sub-competencies of complex thinking in its curriculum, where each study
program contains the competencies required for the graduate profile and those that will be
developed throughout the course. In other regions, Stanford University offers resources for
developing and evaluating competencies related to complex thinking, which include perfor-
mance assessments aimed at more complex tasks, seeking to develop critical thinking, inquiry,
and communication. Examples of scientific thinking can also be found at Vanderbilt
University’s School of Medicine where interdisciplinary research and collaboration are pro-
moted, and critical thinking at the University of California (UC). This university utilizes
a flipped model of instruction, where lectures and other traditional classroom content are
provided online, and classroom time is dedicated to group discussions, problem-solving
activities, and other experiential exercises.

The contribution between disciplines is a prominent element, especially in universities from other
regions. For example, Stanford emphasizes interdisciplinary learning and critical thinking as part of its
educational model, while Vanderbilt promotes interdisciplinary research and collaboration. The
University of Edinburgh promotes working with communities, governments, and businesses to
solve complex problems from different disciplines. Similarly, the University of Auckland integrates
problem-solving into its programs, and UC holds debate groups and problem-solving activities
involving the community.

Micro credentialing supports lifelong learning and continuing education courses, such as
those offered by the University of Granada and the Andalusian Health Service. Regarding the
offering of micro-credentials in Latin American universities, it was found that Tecnologico de
Monterrey offers micro masters, massive online courses (MOOCs) with the possibility of
accrediting materials in some programs of the institution, and high specialization certificates.
No such offering was found at UTPL, Universidad Auténoma del Estado de Hidalgo, or
Universidad de Panama.

In other regions, the University of Barcelona and Vanderbilt University offer MOOCs on Coursera.
Vanderbilt University also offers courses on its own platforms and educational resources for devel-
oping competencies such as scientific reasoning in medicine. Stanford offers alternative credentials for
different subjects and has open educational resources, free and paid, from professional and executive
certification programs to postgraduate courses. Additionally, Stanford offers courses on Linkedin and
Coursera, EDX Het Smarter, G, among others, and offers professional development programs related
to competencies required by employers, delivering them to companies through Cardinal at work. On
the other hand, UC has alternative credentials and courses on Coursera and Edx, among others,
focusing on critical thinking as one of the competencies to be developed in students, aligning with the
offering of Edinburgh and Auckland. This course offering is to develop skills and knowledge for
people in the workforce and the community. Additionally, free and open educational courses (OER)
are offered to the community, as with the University of Auckland. The University of Cambridge offers
MOOC platforms like Coursera, Udemy, and its proprietary platform for delivering distance and
asynchronous courses.

These universities use a range of approaches, including interdisciplinary collaboration, problem-
solving integration, specialized competencies, and educational resources, to promote and develop
complex thinking competency among their students. Microcredentials, such as micro-masters, spe-
cialized certificates, and short courses, offer targeted and focused learning opportunities that often
concentrate on specific skills and competencies, including complex thinking. Figure 4 shows educa-
tional practices related to competency-based learning.

Educational institutions can consider these elements when designing practices for students to
develop high competencies such as complex thinking and lifelong learning strategies.
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Political component

Most institutions consider the development of reasoning for complexity as transversal in their
curricula. Also, it was found that the Latin American universities UASLP, Tecnologico de
Monterrey, and UNAM claim to develop all four sub-competencies, while Stanford does so in other
regions. Critical thinking is the sub-competency most emphasized at the University of Panama, UTPL,
and UFSC in Latin America, and Edinburgh, Auckland, Vanderbilt, and U.C. in the other regions
analyzed. Michigan State University was found to declare the development of critical thinking, while
UANL does not declare the development of any of the sub-competencies.

An example of how complex thinking has been integrated into Latin American institutions is found
at Tecnologico de Monterrey, where as part of the Tec 21 Educational Model, it is included as
a transversal competency for students to develop. Additionally, the university established the R4C-
IRG Interdisciplinary Research Group: Scaling Complex Thinking, which researches how to link the
competency and its sub-competencies with various training elements. For its part, UASLP has teacher
training programs to promote critical and reflective thinking, research centers, and interdisciplinary
and inclusion programs for vulnerable groups. UNAM has the Center for Complexity Sciences (C3),
oriented toward interdisciplinary research into emerging and vanguard scientific problems.

In other regions’ institutions, Stanford incorporates systemic thinking and develops it through
problem mapping and experimentation to achieve solutions, they encourage professionals to visualize
the system they are working within, map out causes and effects, and focus on points where they can
intervene effectively, experimenting with potential solutions. Vanderbilt University promotes critical
thinking through research, with a distinctive emphasis on interdisciplinarity. Students have the
opportunity to engage in diverse disciplines during their studies by combining courses from different
branches. UC promotes collaboration between faculty and researchers in activities to develop these
competencies. Student learning at UC involves classes, seminars, and lab sections enhanced by
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collaboration with faculty and researchers. Through these activities, faculty and students engage in
a learning process that helps develop critical thinking, communication, and problem-solving skills, as
well as discipline-specific knowledge. This collaboration is further extended at the University of
Edinburgh through discussion forums, clubs, and workshops open to other educational stakeholders.
This inclusive approach incorporates critical and innovative thinking through research. Moreover, it is
interdisciplinary, addressing the challenges presented by the SDGs. Open facilities are utilized to
encourage collaborative work among researchers, students, the public sector, and businesses.

Regarding assessment, some Latin American universities declare evaluating complex thinking,
such as Tecnologico de Monterrey and UNAM, which use various instruments and tools like
exams, projects, team assignments, challenges, among others, as well as rubrics to evaluate sub-
competencies. On the other hand, UASLP uses standardized tests, portfolios, and project
observations utilizing competency-based assessments, formative evaluations, integrative assess-
ments, and feedback evaluations. Some universities do not assess this competency development,
such as the University of Panama, the Universidad Auténoma del Estado de Hidalgo, and
UANL.

The University of Auckland promotes formative evaluation, self-evaluation, and peer evaluation so
students provide feedback to improve courses. On the other hand, Stanford University has a bank of
validated and free assessment tools that measure complex thinking focused on more meaningful
learning. At Vanderbilt University, performance assessments and research papers are proposed. On
the other hand, in the Andalusian Health Service, competency assessment is carried out through
various instruments and tools such as exams, projects, teamwork, challenges, among others.

These universities showcase a diverse array of strategies and approaches within their political
component to promote and evaluate complex thinking competency. From incorporating it as
a transversal competency to establishing research groups and fostering interdisciplinary collaboration,
these efforts demonstrate a dedication to nurturing complex thinking skills and competencies in
students. Additionally, assessment methods, whether through exams, projects, or performance assess-
ments, play a crucial role in measuring and reinforcing the development of complex thinking abilities.
Figure 5 shows strategies and evaluations to develop complex thinking competencies.
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These elements can be considered by researchers, teachers, and administrators to strengthen
collaborative spaces both inside and outside the institution and improve programs for assessing
these competencies.

Educational process

Regarding the types of programs, it was found that institutions offer academic degrees from secondary
education to postgraduate studies. Some institutions, such as Tecnologico de Monterrey, UTPL, USLP,
Cambridge, and Stanford, offer continuing education courses. The teaching modality is mainly face-to
-face, as in the case of the University of Barcelona, Cantabria, Granada, and the Andalusian Health
Service. The offerings from Cambridge, UC, and Edinburgh are a hybrid of face-to-face and online
learning, while UNAM, UASLP, and Michigan State University offer face-to-face, online, and hybrid
formats. The careers offered are diverse for all universities and include programs such as humanities,
sciences, health sciences, and social sciences.

Educational institutions are carrying out projects using emerging technologies such as artificial
intelligence, virtual and augmented reality, blockchain, the Internet of Things, machine learning, and
big data. In Latin America, Tecnologico de Monterrey has initiatives promoting the development of
educational innovations that generate disruptive solutions for the future of education and lifelong
learning. One example is the Novus projects by the Institute for the Future of Education, which
encourage teachers to carry out projects using new technologies such as augmented reality, drones,
and telepresence. UNAM is involved in a research project on blockchain and its use in teaching and
designing mathematics and engineering applications.

The University of Stanford has the Virtual Human Interaction Lab that researches the effects of
virtual and augmented reality on human behavior and emotions. It also offers the Center for
Blockchain Research to explore the applications of blockchain technology in different industries. On
the other hand, the University of Barcelona is carrying out projects to predict diseases using machine
learning and remote sensors, such as the Microb-Predict project. Another example is the University of
Auckland, which conducts research with autonomous vehicles to achieve vehicle tracking through
simulations; it also researches blockchain and cryptography and is recognized as the best university in
Australia.

Finally, graduates’ performance in the workplace is monitored in some institutions through surveys
to learn about their employment situations and communications with employers to understand their
needs and expectations to adapt programs to those needs, for example, UASLP and Tecnologico de
Monterrey in Latin America. In addition, UNAM follows up with graduates to place them in the
workforce and develop their competencies. No information was found on UANL. In other regions,
universities such as Stanford and UC have resources and volunteer programs for alums. Vanderbilt
offers coaching services and platforms for lifelong learning courses. In Michigan, there was no specific
information about monitoring graduates, and no information was found from the University of
Granada.

The educational process involves a dynamic interplay of diverse programs, flexible teaching
modalities, cutting-edge technologies, and proactive measures to enhance graduates’ employability
and readiness for the complex challenges of today’s society. Fostering strong connections between
academic programs and industry needs is intrinsically linked to the development of complex thinking
among graduates. Complex thinking involves the ability to analyze, synthesize, and evaluate informa-
tion from various sources, adapt to change, and solve intricate problems efficiently. When educational
institutions align their programs with industry requirements, they implicitly encourage the develop-
ment of these critical thinking skills. Figure 6 shows the elements of the educational process necessary
for developing the profiles required in society.

In this educational model, each component focuses on the development of complex thinking skills.
The fundamental goal is to train highly competent professionals capable of generating significant
contributions to society, preparing them to face real challenges in their respective disciplines. This
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Figure 6. Educational process for developing complex thinking competencies.

educational approach is based on research that highlights the importance of critical thinking and
problem-solving skills in an ever-changing world.

Triangulation

The triangulation process was carried out after the website analysis. In this process, the publications
generated by the universities, both scientific and outreach, were reviewed in order to validate the
treatment of these concerns. After analyzing the characteristics of educational models in the consulted
institutions, we could identify that institutions require a curriculum that includes teaching methods
for developing complex thinking competencies. They also need to encourage research and exploration
to facilitate the development of complex thinking. Additionally, institutions need to provide resources
such as technology, educational materials, and opportunities for collaboration to support the devel-
opment of complex thinking among students and faculty. Finally, universities need to promote
a culture of lifelong learning and continuous improvement to ensure the sustained development of
complex thinking skills.

The fundamental tools to develop complex thinking are research and interdisciplinarity. This
can be seen at UNAM. According to Calixto Flores (2014), several curricular proposals consider
complexity theory as an essential component in the design of their programs, where research is
a vital tool to generate curricular changes. On the other hand, lifelong learning emphasizes the
importance of continuously developing oneself to keep up with new technologies and social
changes. Therefore, its integration into educational models is central to ensuring that graduates
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have the necessary skills to succeed professionally. For example, Stanford University offers educa-
tional resources for populations of all ages, continuing education, and professional development
(Stanford, 2023).

Regarding educational processes focused on developing high skills, innovation and digital
transformation are essential for future education designs. Institutions like Tecnologico de
Monterrey are committed to improving the teaching and learning process through experi-
mentation and educational innovation projects using digital education, Al, extended realities,
telepresence, robotics, and the Internet of Things, among others (Lara-Prieto et al., 2019;
Luévano et al,, 2015; Molina Gutiérrez et al., 2018; Portuguez-Castro et al., 2022). Similarly, at
the University of Barcelona, projects related to disease prediction through machine learning
have advanced personalized medicine by identifying patient risk characteristics (Castelli et al.,
2022).

Discussion

The ideal of the educational model is to train individuals with the necessary competencies to improve
society’s quality of life and work to achieve a sustainable development agenda. According to the
findings in Figure 3, the analyzed institutions seek developing competencies in critical thinking, social
commitment, research, leadership, and creativity. In Li’s research (Li, 2022), the mentioned compe-
tencies were considered a critical element and predictor of job success for professionals in Industry 4.0.
Furthermore, it aligns with Sdez de Camara’s et al. (2021) statement that among the characteristics
found in modern models of higher education is the integration of the 2030 agenda and SDGs and the
development of increasingly holistic models. These competencies and purposes can be considered by
educational institutions when designing competency-based educational models to help their graduates
contribute to society.

Educational models based on competency-based learning and lifelong learning promote the devel-
opment of complex thinking, provided that their educational practices are oriented toward achieving
these competencies. According to Figure 4, interdisciplinarity, fostering collaboration with stake-
holders outside of academia, and offering micro-credentials and OER are fundamental practices that
should be in educational models. Supported by educational platforms, this new way of acquiring skills
and remaining knowledgeable gives learners a significant advantage (Wheelahan & Moodie, 2021).
Including these practices can allow research to evaluate their effectiveness and measure their impact
on student learning outcomes.

The complex thinking competency is considered cross-curricular in institutions. Research, colla-
boration strategies, and formative assessment tools favor its development. Figure 5 shows that this
competency can be enhanced by developing research centers or spaces for collaborative groups where
various actors can participate; institutions can offer various tools to support teacher training and
formative assessment. Therefore, integrated spaces for debate, life-long learning, and micro-
credentialing are components of the new educational models (Birtwistle et al., 2016). Additionally,
multimodal assessment allows educational institutions to better prepare students for the demands of
the modern workplace and a more comprehensive assessment of their skills and knowledge (Ross
et al., 2020). Researchers, educators, and administrators can consider these factors to enhance
collaborative environments inside and outside the institution and enhance the quality of competency
assessment programs.

Innovative and digitally transformed education is crucial for developing high skills and preparing
critically and proactively thinking graduates to meet job market needs and contribute to society.
Figure 6 shows that the curricula of educational institutions should strive to create a graduate profile
having the competencies demanded by the job market, supported by emerging technologies. While
studies indicate that initiatives promoting digital transformation and technology are necessary for
universities, in the case of Latin America, there are more challenges to achieving this transformation,
such as connectivity, infrastructure, innovation, and research (Portuguez-Castro et al., 2022).
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Therefore, curriculum developers must consider these components to design programs that better
meet job market demands and use technology to address social issues.

Conclusion

This study aimed to compare training practices that promote complex thinking in national and
international educational institutions through a comparative analysis using four categories: philoso-
phical, theoretical, and political components and educational process. The findings revealed that: a)
educational institutions seek to educate individuals who can improve the quality of life in society and
contribute to sustainable development; b) educational practices aimed at developing complex thinking
and lifelong learning competences are essential for new educational models; c) collaboration of
researchers, faculty and other stakeholders and appropriate formative assessment tools promote the
development of complex reasoning competences in changing environments; and d) educational
processes focused on high competence development, innovation and digital transformation are
essential for designing the future of education.

While this study represents a substantial advance in the field of higher education by stressing the
critical role of developing key competences aligned with the demands of Industry 4.0 and Sustainable
Development Goals, our findings broaden the existing literature by providing a pragmatic framework
for integrating these competencies into educational models, focusing on the importance of compe-
tency-based learning, lifelong learning and digital transformation. Along with our research, we have
identified practices essential to modern educational models, such as interdisciplinarity, collaboration
and the use of open educational resources (OER), which are essential for cultivating complex thinking
and preparing higher education students for the labor market. Moreover, there is a need for colla-
borative and integrated learning environments, supported by digital technologies, to improve educa-
tional outcomes and address societal challenges. The elements found in these results can be used by
educational institutions to design educational practices to achieve high competencies such as complex
thinking. In addition, researchers and teachers can increase their collaboration within and outside the
institution to apply the knowledge generated within the academy, strengthening the curriculum and
the use of technologies that allow the development of professionals increasingly committed to
developing their competencies and solving the problems facing society today.

As a study limitation, most universities do not expressly state complex thinking in their programs,
evaluations, or credentialing, although they are found in their curricula under similar names. In
addition, when searching for information, websites present information in very different configura-
tions, which not only involves several iterations of the search but also makes it difficult to have all the
required information.

Based on the study some specific recommendations are issued to stakeholders who play a key role
in influencing complex thinking: The first recommendation is from the personal, to conceive them-
selves as an important part of nature and their relationship with it, therefore, the interaction that each
subject has must be valuing that their actions are committed to sustainability. The second recom-
mendation is from the perspective, where reality must be broad and must be observed from many
realities, stop observing the disciplines as a watertight compartment, so that disciplinary barriers are
eliminated and we begin to think and act in a transdisciplinary way, that is, establish relationships with
people of different thoughts and ideologies that allow a greater openness to perceive reality from
different perspectives. The third recommendation is from the collective, understanding that complex
thinking invites us to take educational institutions as a bridge that connects various sectors of society,
this will also increase the possibility of diversifying views and begin to understand the complexity of
the world and the importance of conceiving collaboration as a fundamental instance of the search for
alternatives to the problems of today’s society.

Some steps that teachers and researchers can take to collaborate with each other include the
creation of challenge-based research networks, using the opportunities offered by the Sustainable
Development Goals as an action point to search for transdisciplinary solutions to complex problems.
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Also, decision-makers, civil society organizations and policy makers can postulate opportunities for
collaboration across problem boundaries, linking talents from different regions with local and global
problems. The study finds opportunities to establish evidence in this regard, which opens the door to
contribute, with vision and action, to the mobilization of complex thinking, with implications for
practice and research. For future studies, we suggest investigating in more detail the characteristics of
best practices, analyzed from the perspectives of managers, administrators, teachers, students, com-
panies, and government organizations to provide a model for institutions to strengthen the develop-
ment of these competencies.
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