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Abstract: Today’s complex, dynamic, interconnected world presents the field of education (“Educa-
tion 4.0”) with significant challenges in developing competencies for reasoning for complexity. This
article analyzes complex thinking as a macro-competency with sub-competencies of critical, systemic,
scientific, and innovative thinking in educational environments. We worked with the systematic
literature review method, extracting 39 articles in the Scopus and Web of Science databases using
keywords words of interest and applying inclusion and exclusion criteria. Seven research questions
guided the data analysis. The results highlighted that: (a) there are common characteristics of studies
linking complex thinking, critical thinking, and creative thinking; (b) there is predominance of the
qualitative method in the studies; (c) the critical thinking competency has been the most addressed in
the research; (d) the predominant components of Education 4.0 are teaching methods and techniques;
and (e) the three challenges that stand out for educational research are project feasibility, research
opportunities, and required skills. This article is intended to be of value to academic and social
communities and decision-makers interested in developing reasoning for complexity within the
framework of Education 4.0.

Keywords: complex thinking; reasoning for complexity; educational innovation; Education 4.0;
higher education; open innovation

1. Introduction

In a continuously changing and challenging world, complexity predominates in the
new perspectives that are demanded. The complexity paradigm is discussed by Morin [1],
who proposes that complex thinking that addresses the “interwoven” from a dialogical
point of view, which implies considering the separate and sometimes contradictory inter-
acting parts that compose the phenomenon in a specific context. In addition, the author
mentions that recursive thinking must be mobilized, i.e., a way of thinking to establish a
dynamic and generative feedback loop between terms or concepts (for example, whole
and part, order and disorder, observer and observed, system and ecosystem) that are both
complementary and antagonistic [2]. If the problem of knowledge (and knowledge of
knowledge) is posed, it is necessary to realize that the task is not individual; it would
require the encounter and the exchange between all researchers and academicians working
in disjunct domains [3]. In particular, training in complex reasoning is a necessity for aca-
demic communities. Thus, new technology-based teaching-learning systems have emerged
to respond to the complex changes and social challenges through higher education. The
use and adaptation of these technologies in the current context of society is known today
as Education 4.0 [4,5].
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This article aims to analyze complex thinking as an emerging area within the frame-
work of Education 4.0. Other literature reviews have contributed to the field of education.
For example, in primary education, work has been performed on language issues using
digital games [6], argumentation [7], and signs and symbols [8]; also, in higher education,
Francisco et al. [9] and Landa [10] have analyzed in their studies the pedagogy of question-
ing and the politics of language respectively. This article contributes to the rarely explored
area of reasoning for complexity linked to Education 4.0. The fields of reasoning for com-
plexity and research are presented, followed by an examination of Education 4.0. The
systematic literature review method presented has five protocol phases. This discussion is
followed by the results and data analyses and concludes with the findings and the study’s
limitations. The article aims to be of value to research groups, academicians, and society
interested in opportunities for training in reasoning competencies for complexity within
the framework of Education 4.0.

1.1. Reasoning for Complexity and Research

Higher education training requires the integration of complex thinking to support
educational processes for the formation of citizens committed to society. Hays [11] warns
against conventional higher education that does not sufficiently prepare young profes-
sionals for the complicated demands of modern business or active participation in their
communities. In the same vein, Jörg et al. [12] indicate a need to develop a theory of
complexity, a new paradigm for education that can capture the complex processes of learn-
ing, rethinking modes of inquiry, using a new lexicon, and assessment practices for the
complexity paradigm. In this sense, what does training for complexity imply? Tecnologico
de Monterrey [13] outlines the transversal competency of reasoning for complexity in
terms of meta-competence that involves integrative thinking, enabling analysis, synthe-
sis, problem-solving, and continuous learning. It implies mastering the cognitive skills
necessary for scientific, critical, and systemic thinking to meet the contextual challenges
demanded of them to exercise their profession and commit as citizens to the transformation
of the environment.

Undoubtedly, the educational field is experiencing these challenges with uncertainty
and vulnerability, and training to develop the meta-competence of reasoning for complexity
is especially challenging for education. Four sub-competencies can be identified: critical,
systemic, scientific, and innovative thinking [14]. Critical thinking is the intellectually disci-
plined process of actively and skillfully conceptualizing, applying, analyzing, synthesizing,
and evaluating information acquired or generated by observation, experience, reflection,
reasoning, or communication as a guide to belief and action [15]. Systemic thinking is
the underlying reasoning that students must develop to analyze and understand complex
global systems and phenomena [16]. Ref. [17] describes innovative thinking as the capacity
for creativity, implemented with a high degree of success; they delineate four levels: “in-
cremental” innovation, “modular” innovation, “architectural” innovation, and “radical”
innovation. Scientific thinking is higher-order thinking that helps students face the era of
global competition to overcome various problems. It involves logical, analytical, systematic,
inductive, and deductive thinking to solve problems. It includes defining, identifying, and
formulating alternative proposals and determining the best solutions [18]. These processes
need to be analyzed through educational research.

Educational research involves applying the scientific method in educational pro-
cesses. Harwell [19] outlines different research methods: (a) qualitative research meth-
ods (narratives, phenomenological studies, grounded theory, ethnographies, case stud-
ies); (b) quantitative research methods (experimental design, quasi-experimental designs,
pre-experimental, ex-post-facto: transactional designs; ex-post-facto: longitudinal de-
signs); and (c) mixed methods (sequential explanatory design, sequential exploratory
design, sequential transformative design, concurrent triangulation design, concurrent
nested design). Some challenges in developing research competencies have been de-
tected by Castillo-Martínez and Ramírez-Montoya [20]: research opportunities, feasibility,
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knowledge-sharing, collaboration, and skills differences. Scientific evidence of research in
the field of complexity and innovation is provided by Sun [21], who integrated the concept
of sustainable design into a first-year engineering entry course that emphasized creative
thinking and innovation through an open team project to enhance innovative thinking,
communication, and teamwork skills. Similarly, to assess innovative thinking in adults
with attention-deficit/hyperactivity disorder (ADHD), White and Shah [22] used a realistic
word association task and investigated a possible cognitive mechanism for ADHD-related
advantages in innovative thinking. The results support the possibility that ADHD is posi-
tively associated with specific aspects of innovative thinking, which may be attributed in
part to a broad scope of semantic activation.

1.2. Framework of Education 4.0

Today, the technological advancement of humanity has resulted in new technologies
that provide high capacities and performance capabilities in new systems, platforms,
devices, and artifacts [23]. Thus, various product and service sectors have competitive
advantages to achieve high levels of efficiency in their processes and generate better use of
their resources [24]. Thanks to this advance, technologies for connectivity, “smartification,”
digitalization, virtualization, and datafication have emerged, which today are characteristic
technologies of the fourth industrial revolution (Industry 4.0), also known as Technologies
4.0. One of the service sectors most evolved thanks to this technological advance is
higher education.

According to Miranda et al. [5], Education 4.0 means “seeking to graduate a new
generation of highly competitive professionals capable of applying the right physical and
digital resources to provide innovative solutions to current and future societal challenges.”
Other authors mention that Education 4.0 enables the resources to train and develop
competencies and skills for Industry 4.0 [25]. Moreover, the Education 4.0 concept has
been applied to generating and implementing innovative practices in education. In this
context, educational innovation seeks “best practices” of active learning, relying primarily
on technological components for its implementation [26].

In addition, Education 4.0 can be viewed from a philosophical point of view. In the
evolution of the education sector from Education 1.0 (late 18th century), Education 2.0 (early
20th century), and Education 3.0 (late 20th century) to Education 4.0 (present), education
has transcended from essentialism, behaviorism, instructivism, and andragogy towards
an approach based on “cybergogy”; the latter combines educational experience with the
use of ICTs, “peeragogy” which encourages cooperation and collaboration in educational
processes, and “heutagogy” which is based on humanist and constructivist principles to
foster self-learning practices [5]. Therefore, taking these approaches as a reference, we can
say that Education 4.0 promotes (i) transition from teacher-centered to student-centered
instruction and from passive to active learning [27], (ii) looks for real-life contexts, scenarios,
and challenges where the students strengthen their professional training by putting their
knowledge into practice, and (iii) develop research and complex thinking skills to propose
solutions to current challenges and problems in society [14].

In this article, the authors propose a framework based on the five core components of
Education 4.0 that enable designing innovative pedagogical procedures to carry out best
practices and dynamics with correct technologies and infrastructure (see Figure 1):

1. Competencies. Training and developing desirable transversal and disciplinary com-
petencies in today’s students.

2. Teaching-Learning Methods. Incorporating new active learning methods and modali-
ties (face-to-face learning, hybrid learning, and distance learning).

3. Stakeholders. Inducing active participation and collaboration among key stakehold-
ers, applying open-strategy methods, and triple and quadruple helix models.

4. Technologies 4.0. Using current and emerging ICT for connectivity, virtualization,
digitalization, datafication, and “smartification.”
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5. Infrastructure. Accessing innovative infrastructure (services, platforms, facilities) at
the institutional, classroom, and home levels.
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2. Materials and Methods

The systematic literature review was the method for analyzing the articles. Kitchen-
ham and Charters [28] state that the systematic literature review supports the evaluation
and interpretation of thematic areas. Based on the guidelines of the University of York [29]
and Verner et al. [30], we used a protocol that included: (1) research questions; (2) search
process; (3) inclusion and exclusion criteria; (4) data selection and extraction process, and
(5) data synthesis.

2.1. Research Questions

In order to analyze the characteristics of complex thinking studies, seven research
questions were posed, as shown in Table 1.

Table 1. Themes and research questions (RQ).

Themes Research Questions (RQ) Possible Answers Based on Literature

General characteristics of complex
thinking studies

RQ1. How are the keywords of the
studies related? Co-Terms Network

RQ2. In which years were the articles
published, and in which journals and

quartile levels?

Year of publication

Q of the journal

RQ3. In which journals have the most
cited articles been published?

Articles with more citations

Journals with more publications

Methodological strategies RQ4. What methods were used in the
articles?

Methods [19]:
Quantitative methods
Qualitative methods

Mixed methods



J. Open Innov. Technol. Mark. Complex. 2022, 8, 4 5 of 15

Table 1. Cont.

Themes Research Questions (RQ) Possible Answers Based on Literature

Types of reasoning for complexity RQ5. What kind of complex thinking is
reflected in the studies?

Kind of complex thinking [14]
Systemic thinking
Scientific thinking
Critical thinking

Innovative thinking

Complex thinking in Education 4.0 RQ6. Which Education 4.0 component is
predominant in the articles?

Education 4.0 components [26]:
Competencies

Teaching and learning methods
Technologies 4.0

Infrastructure
Stakeholders

Challenges for educational research RQ7. What are the educational research
challenges identified in the studies?

Research challenges [20]:
Research opportunities

Feasibility
Knowledge sharing

Collaboration
Skills differences

2.2. Search Process

The article search protocol utilized the electronic features in the Scopus and Web of
Science (WoS) databases. We delimited the keywords (reasoning for complexity and four
types of thinking: innovative, critical, scientific, and systemic). The search strings are
presented in Table 2.

Table 2. Search strings used in the indexing systems.

Scopus Web of Science (WoS)

TITLE-ABS-KEY (“complex thinking” AND
(“critical thinking” OR “innovative thinking”

OR “systemic thinking” OR “scientific
thinking”)) AND (LIMIT-TO (DOCTYPE, “ar”)
OR LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO

(DOCTYPE, “ch”) OR LIMIT-TO
(DOCTYPE, “re”))

TOPIC: (“complex thinking”) AND TOPIC:
(“critical thinking” OR ”innovative thinking”

OR ”systemic thinking” OR
”scientific thinking”)

Timespan: All years. Indexes: SCI-EXPANDED,
SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,

BKCI-SSH.

2.3. Inclusion and Exclusion Criteria

The field of reasoning for complexity can be approached in multiple ways. In this
case, we focused on education as a meta-competency and selected four sub-competencies.
The inclusion criteria stipulated that they must be articles that included “reasoning for
complexity” in their title, abstract, or keywords. These words were used only as basic search
terms, without determining whether the articles intentionally and/or directly addressed
the concept as an issue. Exclusion terms (non-exhaustive) were other topics that did not
delineate the four sub-competencies.

2.4. Data Selection and Extraction Process

The search resulted in identifying 28 articles in Scopus and 20 in WoS. The articles were
reviewed in both databases to eliminate possible duplicates. We found eight duplicates and
removed them from the Scopus listing. In the end, 38 articles were selected. They can be
consulted in the integrated Excel file. The following data were previously extracted from
the identified studies: authors, title, doi, abstract, country, and keywords. The researchers
used a data extraction form tied explicitly to the seven research questions in the SLR. A
peer-review validation was performed to check the identification of the responses; in case
of discrepancies, agreements were made for selecting the responses to achieve 100% data
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verification. Figure 2 outlines the delimitation of articles for the systematic literature review
using the Prisma method [31].
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2.5. Data Synthesis

The information analysis to find answers to the research questions was supported
by a theoretical framework to identify guiding elements in the articles. Content analysis
was the qualitative technique, objectively making inferences from a focal text in a social
context [32], based on one mechanical and one interpretative component [33]. The first
involved organizing the data into the study themes, and the second was determining
the meaningful data in terms of the research questions [34]. We also worked with source
triangulation [35], in which the data were validated in a peer review [36]. The answers were
synthesized with a prior classification that would lead to possible graphic representations.
Analyses were carried out to locate interesting intersections of terms, keywords, networks
of co-terms, categories, and subcategories. The data of the analyses are presented in this
integrated excel sheet: https://hdl.handle.net/11285/638752 (accessed on 13 September
2021). Identifying numbers for each item are identified by ID in the references document:
https://doi.org/10.5281/zenodo.5746250 (accessed on 30 November 2021).

3. Results

This section presents the results tied to the research questions. The tools used for the
graphs were VOSviewer and Tableau.

RQ1. How are the keywords of the studies related?

The analysis of the studies considered the keywords of the articles analyzed, shown
in Figure 3. Three terms stand out with correlation: complex thinking, critical thinking,
and creative thinking.

https://hdl.handle.net/11285/638752
https://doi.org/10.5281/zenodo.5746250
https://doi.org/10.5281/zenodo.5746250
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The articles’ keywords that appeared most frequently were complex thinking and
critical thinking, followed by creative thinking. One of the studies even implemented a
complex thinking model that utilized cognitive tools such as the use of spreadsheets, which
allowed identifying that there was a large contribution to critical thinking skills, although
there was a slight contribution to creative thinking skills. Another research presented
framework models aimed at developing, stimulating, and engaging students’ complex
thinking process skills and conceived the following as subcompetencies of this type of
thinking: problem solving, critical thinking, creative thinking, and decision making. There
are also keywords related to cognition, such as cognitive critical thinking, cognitive tool,
cognitive skills, and metacognition.

RQ2. In which years were the articles published, and in which journals and quartile levels?

We analyzed the years of publication, journals, and the quartiles corresponding to the
journals in which the papers were published, as shown in Figure 4.

The papers analyzed were published from 2002 to 2021. The highest number of papers
was published in 2019 (5) (ID: 2, 3, 8, 13, and 33), followed by four papers (ID: 17, 20,
22, 25) in 2021. There were two papers published on the study topic in the years 2004
(ID: 14,21), 2012 (ID: 5,32), 2013 (ID: 4,10) 2015 (ID: 29,31), 2017 (ID: 23,24), 2018 (ID: 6,12),
and 2020 (ID: 11,26). Only one paper was published on the topic in the years 2002 (ID: 7),
2006 (ID: 15), 2008 (ID: 1), 2009 (ID: 34), and 2011(ID: 18). There were no publications in
2003, 2005, 2007, and 2010. Regarding the quartiles in which the papers belonged, the
highest number of papers corresponded to Q4 with eight papers, followed by Q1 with
seven papers. Q3 had three papers, and Q2 had one. The analysis also identified twelve
conference papers and four book chapters.
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Furthermore, Figure 4 shows that so far, the year with the most publications related
to the complexity reasoning competency is 2019, followed by 2021, 2016, and 2014. As an
example, the findings found in publications during that period are provided. In the work
of Dere et al. (2019) a new conceptualization for complex thinking is proposed through a
process of synthesis and conjugation of different conceptual perspectives. In the research
of Hidayati et al. (2021), research results show that constructivism-based mathematics
learning tools for eleventh graders of SMA N 2 Lubuk Basung can be declared valid.
Harbi’s (2016) study suggests that comics can be a suitable medium for educating critical
thinking and introducing complex and abstract concepts to children. In addition, Rosen
and Mosharraf’s (2014) study aimed to explore students’ critical thinking performance and
motivation patterns in the Evidence-Centered Concept Map (ECM) mode compared to the
basic notepad mode.

RQ3. In which journals have the most cited articles been published?

It was important for the study to know which journals had the most publications
related to the complex reasoning competency and the articles with the highest number of
citations. This information is shown in Table 3.
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Table 3. Journals and citations of the analyzed papers.

Journal Name Q Journal ID Articles Citations

Journal of Research in Science Teaching Q1 34 119

Foreign Language Annals Q1 14 58

Journal of Educational Computing Research Q1 30 25

Teaching Sociology Q3 10 9

Revista Cubana de Educación Médica Superior Q4 5 7

Journal of Veterinary Medical Education Q2 6 4

Revista Facultad de Medicina Q4 31 4

Table 3 shows that the paper with the highest number of citations (119) appeared in
the Journal of Research in Science Teaching. The paper is titled, “How and when does complex
reasoning occur? Empirically driven development of a learning progression focused on
complex reasoning about biodiversity.” In second place was the paper “Literary discussions
and advanced speaking functions: Researching the (dis)connection,” which had 58 citations
in the journal Foreign Language Annals. The paper “Making student thinking visible through
a concept map in computer-based assessment of critical thinking” had 25 citations and
appeared in the Journal of Educational Computing Research. These were followed by papers
with fewer citations, between two and nine, namely: “A Framework for Implementing
Higher-Order Thinking Skills (Problem-Solving, Critical Thinking, Creative Thinking, and
Decision-Making) in Engineering Humanities”,“ Defining and measuring innovative think-
ing among engineering undergraduates”, “Learning plus service as a methodology for the
development of critical thinking in higher education”, “Developing a professional studies
curriculum to support veterinary professional identity formation”,“ From von Bertalanffy
to Luhmann: Deconstruction of the concept ‘Agroecosystem’ through systemic genera-
tions”,“ Creating a Culture of Good Writing: A Cumulative Model for Teaching Writing
in the Sociology Major”,“ Critical thinking skills of engineering students: Undergraduate
vs. Graduate students”,“ Learning to teach the cognitive skills and emotional dispositions
required in the 21st century”,“ Visual thinking strategies from the museum to the library:
Using VTS and art in information literacy instruction”,“ Course-Embedded Undergraduate
Research Experiences: The Power of Strategic Course Design”,“ Education to listening lab-
oratories: experiences of reflective laboratories in university curricula”, and “Mental health
in the time of war, a reflection about the relationship between the armed conflict and the
mental health in the Emberá indigenous people under situation of forced displacement”.

RQ4. What methods have been used in the articles? And RQ5: What kind of thinking is reflected in
the studies?

It is valuable to know which methods have been chosen by researchers to carry out
studies related to the reasoning for complexity to identify niches concerning research
approaches that have not been sufficiently utilized. It is also helpful to identify which types
of thinking are addressed in the articles studied to identify whether further studies are
needed that address the complex reasoning competency as a whole and not just specific
sub-competencies (Figure 5).
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Figure 5 shows a predominance in the use of qualitative methods (14 papers, ID: 12,
13, 14, 15, 17, 19, 21, 23, 24, 28, 29, 30, 31, and 35), followed by documentary research
(12 papers, ID: 5, 6, 7, 8, 9, 11, 16, 18, 22, 25, 26, and 27) and a lesser use of quantitative
methods and mixed methods (5 papers, ID: 2, 3, 32, 33, 34, and 4 papers, ID: 1, 4, 10, and 20,
respectively). There is a considerable predominance of the reflection of critical thinking
in the studies (31 papers, including those that share with other types of thinking, ID: 1,
2, 3, 5, 6, 7, 8, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29, 30, 31, 32,
33, 34, 35), especially those with a qualitative approach and documentary research. The
types of thinking that form part of the reasoning for complexity competency also appear,
although to a lesser extent: creative thinking, innovative thinking, scientific thinking, and
systemic thinking.

One of the studies that used the qualitative method, through grounded theory, con-
ducted research to ultimately generate a rigorous and meaningful assessment tool that
contributes to the evaluation and understanding of children’s cognitive processes who
benefit from philosophical praxis which positively influences their critical thinking. On the
other hand, quantitatively focused research sought to focus on learning progressions as
one of the efforts to provide more coherent science curriculum sequences and assessments
that can focus on complex thinking about core science topics, under the premise that to
compete in a global economy, students will need resources and curricula focused on critical
thinking and reasoning in science. Another study using mixed methods examined the
relationships between critical thinking education and mathematics education by examining
the teaching and learning of critical thinking according to the infusion approach, which
combines critical thinking and mathematical content. The results of one of the documentary
research projects dealt with the conceptualization of service learning and critical thinking
in higher education, their interrelation, and models of service learning implementation.

RQ6. Which Education 4.0 component is predominant in the articles? And RQ7: What are the
educational research challenges identified in the studies?

The main components of Education 4.0 are beneficial because they represent a trend in
education, not just in industry. The content of the articles was analysed in order to identify
which of the components of Education 4.0 were emphasised the most, and thus those
that referred to the development of transversal or disciplinary competencies in students
were classified as “Competencies”. In the case of articles that focused on strategies or
models, they were classified as “Teaching-learning methods”, whereas if they focused on
participation and collaboration of the subjects, they were classified as “stakeholder”. Those
articles that emphasised the use of information and communication technologies such as
virtualisation, smartification, and data science, were classified as “Technologies 4.0” and
lastly, those that focused on services and platforms, were classified as “Infrastructure”,
whether in institutions, classrooms, or homes. Moreover, the findings reveal the areas of
opportunity for research on the reasoning for complexity competency (Figure 6).



J. Open Innov. Technol. Mark. Complex. 2022, 8, 4 11 of 15

J. Open Innov. Technol. Mark. Complex. 2021, 7, x FOR PEER REVIEW 11 of 16 
 

RQ6. Which Education 4.0 component is predominant in the articles? And RQ7: What are the 
educational research challenges identified in the studies? 

The main components of Education 4.0 are beneficial because they represent a trend 
in education, not just in industry. The content of the articles was analysed in order to 
identify which of the components of Education 4.0 were emphasised the most, and thus 
those that referred to the development of transversal or disciplinary competencies in stu-
dents were classified as “Competencies”. In the case of articles that focused on strategies 
or models, they were classified as “Teaching-learning methods”, whereas if they focused 
on participation and collaboration of the subjects, they were classified as “stakeholder”. 
Those articles that emphasised the use of information and communication technologies 
such as virtualisation, smartification, and data science, were classified as “Technologies 
4.0” and lastly, those that focused on services and platforms, were classified as “Infra-
structure”, whether in institutions, classrooms, or homes. Moreover, the findings reveal 
the areas of opportunity for research on the reasoning for complexity competency (Figure 
6). 

 
Figure 6. Predominant components and educational research challenges in the papers. 

Figure 6 shows that the main component refers to teaching and learning methods in 
different areas such as engineering, mathematics, technology, and education (ID: 2, 3, 4, 
6, 7, 18, 19, 20, 21, 23, 24, 28, 33, and 34). In second place are competencies in mathematics, 
epidemiology, philosophy, geoscience, literature, engineering, education, and transdisci-
plinarity (ID: 1, 8, 10, 12, 13, 14, 15, 16, 17, 22, and 27). Concerning the findings, the three 
that stand out are the project feasibility (ID: 7, 11, 14, 26, 27, 28), opportunities for more 
research on the topic of study to deepen existing research or explore more aspects (ID: 1, 
2, 4, 12, 13, 17, 18, 19, 20, 22, 23, 24, 29, 30, 32, 33, and 35), and understanding the different 
abilities in the subjects studied. 

4. Discussion: Complexity, Education 4.0, and Open Innovation 
4.1. Education 4.0 and Complex Thinking 

As science and technology advance, research studies seem to awaken interest in rea-
soning for complexity, which will equip current learners to respond to the intellectual 

Figure 6. Predominant components and educational research challenges in the papers.

Figure 6 shows that the main component refers to teaching and learning methods
in different areas such as engineering, mathematics, technology, and education (ID: 2,
3, 4, 6, 7, 18, 19, 20, 21, 23, 24, 28, 33, and 34). In second place are competencies in
mathematics, epidemiology, philosophy, geoscience, literature, engineering, education, and
transdisciplinarity (ID: 1, 8, 10, 12, 13, 14, 15, 16, 17, 22, and 27). Concerning the findings,
the three that stand out are the project feasibility (ID: 7, 11, 14, 26, 27, 28), opportunities for
more research on the topic of study to deepen existing research or explore more aspects
(ID: 1, 2, 4, 12, 13, 17, 18, 19, 20, 22, 23, 24, 29, 30, 32, 33, and 35), and understanding the
different abilities in the subjects studied.

4. Discussion: Complexity, Education 4.0, and Open Innovation
4.1. Education 4.0 and Complex Thinking

As science and technology advance, research studies seem to awaken interest in rea-
soning for complexity, which will equip current learners to respond to the intellectual
challenges ahead. The mapping of relationships among keywords (Figure 3) allowed deter-
mining how the critical and creative thinking sub-competencies are forged to build future
consolidation of the reasoning for complexity competency in research work and education.
Through studying and understanding the thought processes for learning, we construct a
foundation for new theories on complexity in education, a latent need according to [12].
Knowing the priority keyword placement of complex and critical thinking in relation to
others in research work, we can conceive more sophisticated and comprehensive studies
that monitor the interweaving and significance of competencies during problem-solving.

The current decade could see the emergence of educational innovation driven by the
study of complex reasoning competency. Although the beginning of the 21st century has
shown a relatively low contribution of publications on the topics related to complex think-
ing, the last three years have shown a more significant trend in the number of publications
in either the higher or lower impact factor journals (Figure 4). The interest and awareness
in the concept of complex thinking as a competency for educational innovation [5] can be
considered one of the causes of the recent increase in publications. Suppose this increase
can be considered as a trend. In that case, it allows to further position two aspects of this
review: on the one hand, it prevents researchers from taking into account the concept
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of reasoning for complexity in the approach of their research, and on the other hand, it
provides a framework on complex thinking to base future work protocols.

The proposed “Reasoning for Complexity in Education 4.0” framework provides
avenues that, together with the more typical scenarios investigated with students, enrich
the research by integrating quadruple helix stakeholders, industry 4.0 technologies, and
access to innovative infrastructure. The most cited articles (Table 3) where complex thinking
was a study component focused on student contexts. They included complex thinking in
biodiversity, language proficiency, and computer-based mapping of the thinking process.
Beyond implementations solely in the educational sector, we must generate initiatives
based on collaborative models that integrate industry, government, and civil society [14].
By identifying the topics less explored in the different journals, the possibilities to produce
new explorations are broadened in areas that include topics on higher-order thinking,
innovative thinking, identity formation, systemic generations, writing culture, and visual
thinking, among others.

There is an opportunity to explore the reasoning for complexity as a macro-competency,
based on any research method, through combinations of critical thinking with other kinds
of thinking. By a wide margin, research studies tend to focus only on critical thinking,
mainly through documentary research and qualitative methods (as opposed to mixed
and qualitative methods). They pay little attention to including creative, innovative, and
systemic types of thinking combined with critical thinking (Figure 5). However, to decode
complexity, it is necessary to build systemic frameworks that promote multi-disciplinary
research on both topics and researcher profiles [1,3]. The starting point to verify the foun-
dation for the study of reasoning for complexity is to document the relationships among
the critical focus terms in the research. The next step is to maintain a periodic review of the
findings of this study.

We foresee niches for future research and training on the reasoning for complexity
regarding Education 4.0 components, mainly in collaborative challenges and knowledge
sharing. Among the components of Education 4.0, where research has focused chiefly,
are teaching-learning methods and competencies to confront challenges of feasibility,
research opportunities, and skills differences (Figure 6). Students trained in reasoning for
complexity in such opportunity fields must analyze, synthesize, and solve problems while
maintaining an interest in continuous learning [13]. Thus, training students to transform
the environment from the perspective of complex reasoning implies a previous recognition
of the cognitive competencies necessary to solve problems and integrate scientific, critical,
and systemic thinking in the contexts currently faced by citizens.

4.2. Complex Thinking by Education and Open Innovation

Open innovation is increasingly gaining momentum. Currently, in the 4th Industrial
Revolution, the dynamics of open innovation rises sharply with the explosion of the open
innovation paradox, also meaning complexity of open innovation [37,38]. Under such a
scenario, there is a growing need to understand the culture, which can control the dynamics
of open innovation. In fact, it has been found that the adoption of an open innovation
strategy strengthens the propensity to generate eco-innovation [39]. Furthermore, it has
also identified the need for organizations that promote a culture of open innovation to adopt
a multiculturalist approach at the organizational level, i.e., the acceptance of various types
of organizational culture existing in the organization, instead of seeking the alignment of
all employees towards a single type of culture [40]. Along with requiring a multiculturalist
approach, the topic of open innovation is also greatly influenced by dynamics at the micro
and macro levels.

Topics such as the dynamics of open innovation, the micro and macro dynamics of
open innovation, and the engineering of open innovation have brought attention to debates
around the relationship between sustainability and open innovation [41]. This involves the
integration of macro dynamics of open innovation represented by open innovation systems,
closed open innovation and social innovation, and micro dynamics of open innovation
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that can be brought together in a quadruple helix model involving industries, universities,
governments, and society [42]. In open innovation processes, it is therefore significant that
a variety of actors are involved.

From the macrodynamics point of view, open innovation involves a cyclical dy-
namic between open market innovation, closed open innovation, and social open innova-
tion [43,44]. Social open innovation, which was initiated by social entrepreneurs, refers to
new creative combinations and connections between technology and society. Social open
innovation is becoming the source of market open innovation, which makes entrepreneurs
and startups create new combinations and connections between technology and the mar-
ket [41]. Accordingly, it is important to constantly update the use of technological resources
and the pursuit of their integration with society and the market.

Another important aspect to look at regarding open innovation is that of open business
models. Saebi et al. considered business model openness from three perspectives: levels of
value co-creation, levels of permeability, and levels of collaboration [45]. Levels of value
co-creation are the degrees of co-creation necessary for the innovative activities of the firm
and value creation. The permeability level signifies the type of knowledge flow between
the focal firm and its external knowledge providers. In addition, the level of collaborative
capability is the degree to which the firm provides collaboration to govern its interactions
with external knowledge providers [46].

5. Conclusions

This study focused on analyzing literature on complex thinking linked to Education
4.0 to identify educational practice and research opportunities. Findings include (a) charac-
teristics of studies linking complex thinking, critical thinking, and creative thinking; (b) the
qualitative method is predominant in the studies; (c) critical thinking competency has
been the most addressed in the research; (d) the predominant components of Education
4.0 are teaching methods and techniques, and (e) the three challenges that stand out for
educational research are the project feasibility, research opportunities, and different skills.

Concerning developing reasoning for complexity competencies, Education 4.0 offers
a broad opportunity to contribute to educational training practices, from the methodolo-
gies to promote competencies (critical, systemic, scientific, and innovative thinking) to
the development and implementation of infrastructures that accompany these formative
experiences. Likewise, the implications for educational research lie in broadening the forms
of study, using quantitative and mixed methods that lead to the deepening of perspectives.

Some limitations of this study lie in limiting the search for articles to just two databases
(Scopus and Web of Science), leaving aside other indexing systems that might have publi-
cations of value for the study. There remains an opportunity for such an extended analysis
and for integrating more linkages with reasoning for complexity. This article aims to be of
value to research groups, academicians, and society interested in training opportunities in
reasoning for complexity competencies within the framework of Education 4.0.
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