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Abstract: In this comparative analysis, the cases of Taiwan and Colombia display two paths for
designing a natural sciences curriculum related to quality education goals. Their differences are
based on their central concepts, definitions of learning stages, delimitations of cross-subjects and
cores of scientific knowledge, and alignment with international assessments. The core practices in
Taiwanese curriculum guidelines are to develop inquiries, research, and experimentations to promote
scientific literacy and citizenship. In contrast, the core Colombian practices construct explanations
based on scientific ideas, gathering information, and using evidence. Between both countries, there is
also a concordance over practices related to obtaining and communicating information. These results
show the importance of curriculum policy factors such as epistemological definitions, diagnostics
and representations of social expectations, alignment instruments, curriculum definitions, and design
criteria of teaching processes. The differences between national curriculum policies are identified in
a comparative strategy of contexts, medium-term processes to reform the national education systems
or schooling features. Curriculum guidelines respond to their intellectual traditions, theoretical and
pedagogical influences, and current requirements of policies. These criteria allow for the identification
of cooperative issues in specific areas of science education between both countries, such as teacher
education, technological and pedagogical knowledge, and curriculum alignment.

Keywords: curriculum alignment; curriculum guidelines; students’ performance; international comparison

1. Introduction
1.1. Context of the Comparative Analysis

According to the Sustainable Development Goal of quality education, the implementa-
tion of education policies and learning processes demands a set of characteristics to achieve
conditions to “ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all.” The target number 4.7 from the quality education goal
refers to a fundamental and substantial relationship between knowledge and political,
normative, cultural, and economic aspects in contemporary society. The quality education
goal also demands that each national education system implement policies to develop
lifelong learning through multiple pathways. In this context, the practices required to
construct student’s proficiency and appreciation for science at school [1] and the types of
knowledge to develop scientific literacy are crucial aspects for designing, implementing,
and evaluating curriculum policies in different countries [2].

The links between the Sustainable Development Goals, the main factors that belong
to the quality education goal and public education policies, are (i) national education
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policies, (ii) curricula, (iii) teacher education, and (iv) student assessments. In this context,
our purpose was to study how these factors are present in national education systems
from Taiwan and Colombia. For this inquiry, we considered two comparability criteria:
(a) that both countries participate in the Organization for Economic Cooperation and
Development (OECD) and regularly participate in the Program for International Student
Assessment (PISA), and (b) that the study be initial and exploratory; therefore, the natural
sciences domain was defined as the main structure of knowledge [3]. According to these
criteria, a few conditions could be met to compare these national cases: (i) identification
of focus content (categories, topics, contents, cognitive demands, abilities, and skills to
solve problems), (ii) expectations about students’ performance, (iii) rationales related to
values such as equity and inclusion, (iv) pedagogical aspects, and (v) requirements and
suggestions connected to processes of curriculum implementation [4].

This set of criteria is observed in the official documents where the public policy of
education is expressed as “cognitive interest” and curriculum guidelines [5]. However,
these criteria also require a major grade of specifications to know by what means the goals
of curriculum policies define which sets of knowledge should be considered to develop
goals, competencies, and social inclusion [6]. In the same sense, the analysis of curriculum
goals contributes to guiding educational research about teachers’ practices, training [7], and
pedagogical change inspired by their relationship with scientific approaches to technology
education and teaching [8,9]. From the perspective of assessing students’ performance,
“content knowledge” must be incorporated as a critical factor to articulate scientific knowl-
edge, citizenship, and learning experience, which can be developed through the science
education field.

Therefore, our main purpose was to analyze Colombian and Taiwanese curriculum
guidelines and describe their characteristics from the Sustainable Development Goals’
curriculum perspective. Thus, our aims were:

# To delimit the analysis framework on the practice and performance components in
natural sciences in the curriculum guidelines;

# To analyze the practice and performance components in natural sciences in the cur-
riculum guidelines in Colombia and Taiwan;

# To compare the practice and performance components in natural sciences in the
curriculum guidelines in Colombia and Taiwan; and

# To describe the practices and performance in the curriculum oriented towards devel-
opment in Colombia and Taiwan.

1.2. Delimitation Criteria
1.2.1. Proficiency in Science and Scientific and Engineering Practices

Science is a system of ideas [10] and practices [11]. Researchers have suggested that to
achieve proficiency in science learning, one needs to pull together four learning practice
strands. Firstly, one needs to know, use, and interpret scientific explanations about the
surrounding world. The second concept is to know how to build up scientific ideas by
generating and evaluating scientific evidence and explanations. The third strand is under-
standing the scientific community’s social aspect, which involves the nature, discourse,
and development of a particular scientific theory. Finally, one needs to engage in scientific
practices actively. Therefore, to start constructing science proficiency, it is necessary to
provide students with opportunities to participate in various scientific activities.

However, science learning, like other learnings, should be considered a combination of
knowledge and practice [12]. Therefore, rote learning activities or rote following of scientific
procedures without understanding the principle would not be meaningful participation in
science learning. After significant shifts from rote learning, science education has focused
more on the process of building scientific knowledge [13]. The framework of K-12 science
education suggests a list of eight Scientific and Engineering Practices (SEPs), which are the
methods that scientists and engineers use to do science [14]. This list of practices would be
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used, combined with interdisciplinary core ideas and crosscutting concepts, to establish
students’ learning performance and guide science learning [15].

The eight scientific and engineering practices are (p. 42) asking questions and defining
problems, developing and using models, planning and carrying out investigations, analyz-
ing and interpreting data, using mathematics and computational thinking, constructing
explanations and designing solutions, engaging in argument from evidence, and obtaining,
evaluating, and communicating information.

Different studies have used science and engineering practices to analyze curricula [16]
and brought up some interesting views about the distribution of each SEP, the complexity
across grades, and the clarity of learning performance in the national curriculum. Therefore,
we used the SEPs as the main component of our coding framework.

1.2.2. Scientific Literacy and Levels of Proficiency

Another pathway for students to develop lifelong science learning is to build up
scientific literacy. The notion of scientific literacy has been discussed for a long time and
many different but related definitions have been come up with [17,18]. In 2015 and 2018,
the OECD redefined this notion by reflecting the latest discussions about scientific literacy
and provided the definitions as follows: Scientific literacy is the ability to engage with
science-related issues and with the ideas of science as a reflective citizen. Therefore, a
scientifically literate person is willing to engage in reasoned discourse about science and
technology [19] (p. 100).

Scientific literacy consists of three scientific competencies: (a) explaining phenomena
scientifically, (b) evaluating and designing scientific inquiry, and (c) interpreting data and
evidence scientifically. These are some of the core features of the PISA test. Competencies
also require scientific knowledge types: content, procedural, and epistemic. The PISA
science framework includes the depth of knowledge level that identifies both cognitive
demand and the expected depth level of knowledge to make it assessable.

Based on the theory of how competencies develop, a reporting scale describing stu-
dents’ ability with respective levels was established [20]. The reporting scale consists of
seven levels, from Level 1b to Level 6, and represents students’ abilities, ranging from
basic to complex, respectively. This scale served as the guide on which later PISA experts
would build test items [21]. Many studies have utilized the PISA framework to analyze
curricula [22], but no study has attempted to use the reporting scale. However, we used
the scale as a supplement and triangulated means to the main SEP framework.

1.2.3. Description of Students’ Practice in Colombian Curriculum Guidelines in Natural
Sciences, Grades 6–7 and 8–9

According to article 5º of Law 115 from 1994, compulsory education considers pro-
tecting the environment, ecology, and preservation of natural resources as a common goal
in all national education system levels. In addition, natural sciences and environmental
education are critical and fundamental areas of knowledge that must be offered by each
school’s Institutional Educational Project. This constitutional mandate is followed by the
document Lineamientos Curriculares Ciencias Naturales y Educación Ambiental, where concep-
tual, pedagogical, and didactic references are presented to design the school curriculum.
The main areas of these guidelines are (i) philosophical and epistemological referents; (ii)
sociological referents related to the school as an institution of knowledge and values; (iii)
psychocognitive referents as scientific thought, processes of thinking and action, and cre-
ativity and problem-solving; and (iv) pedagogical implications, such as (a) the didactic and
teacher role, (b) the scientific language and teaching of natural sciences and environmental
education, (c) the role of the laboratory, and (d) assessment [23].

In addition to these documents, the students’ performance is defined in the document
Estándares Básicos de Competencias, which offers a guide to curriculum design, syllabi,
content-based planning, school projects, and classroom practices. Additionally, these
guidelines aim to orient the elaboration of school books, materials, assessments, and
teacher training [24]. The standards organize the learning process by grouping “grades” to
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develop the competencies’ “increasing levels of complexity.” “Competence” is defined as a
flexible ability that could be uploaded in different contexts as new situations. These contexts
do not have a direct connection with situations where learning is acquired. Therefore,
competence implies understanding the meaning of each activity and its ethical, social,
economic, and political aspects. The standards aim to provide a horizontal reading to
develop methodologies and learning processes promoting students’ approaches to scientific
knowledge and scientific procedures, achieving the development of personal commitment
and awareness. The standards also offer a vertical reading to represent the complexity
levels of approaching to scientific procedures, scientific concepts, and responsibilities.

The relationship between Lineamientos Curriculares and Estándares Básicos de Competen-
cias is proposed in Table 1:

Table 1. Relationship between Colombian curriculum guidelines.

Curriculum Guidelines General Criteria from Basic Standards Core Idea of Standards

Processes of thinking and action
related to basic scientific research

Questioning and problems
Search and inquiry processes
Formulation of hypotheses
Explanation of theories
Analysis and synthesis to understand the
usefulness of what has been learned

Students approach knowledge as a
natural scientist.

Basic scientific knowledge about
biological, physical, and
chemical relations

Using disciplinary knowledge
Cross-disciplinary articulation
Inquiry of complementarity
Components of core idea: living
environment, physical environment, science
technology, and society

Students handle knowledge of
natural sciences.

Values and responsibilities

Knowing and critical appraisal of discovery
and advances in science
Ethical awareness training
Evaluating the role of the sciences in relation
to the environment and quality of life
Occupational training

Development of personal and
social commitments.

Regarding the organization of the implementation of these curriculum criteria, Colom-
bian curriculum guidelines consider specific standards and standard core ideas that gen-
erate different actions of thinking and production, which are composed of 154 indicators
of abilities, skills, and expectations of students’ performance. This specific curriculum
structure is presented in the Table 2:

Table 2. Main characteristics of Colombian curriculum guidelines.

Grades Standards General Description of “Actions of Thinking and Production”

6–7

Students identify conditions of change
and equilibrium in living beings and
ecosystems.
Students establish relationships between
the macroscopic and microscopic
characteristics of matter and the physical
and chemical properties of the substances
that constitute them.
Students evaluate the potential of natural
resources, the way they have been used in
technological developments, and the
consequences of human action on them.

These actions are related to analysis through asking and formulate specific
questions based on observations, register, previous arguments and data
collection, and communication into a basic experimental framework.
These actions are based on (a) understanding properties and structure of
matter; (b) describing and explaining elements, models, and relationships
between elements and chemical and physic processes; (c) verifying and
classifying characteristics of living beings, organisms, systems, and
ecosystems; and (d) identifying, recognizing, and analyzing relationships
between environment, health, and scientific knowledge applied to some
social practices.
These students’ actions lead them to (a) understand and evaluate scientific
knowledge and practices as a support to be respectful with themselves, the
environment, and social interactional patterns, and (b) apply characteristics
of scientist work to establish relationships with their classmates, study
teams, and schools.
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Table 2. Cont.

Grades Standards General Description of “Actions of Thinking and Production”

8–9

Students explain the variability in
populations and biological diversity due
to reproduction strategies, genetic
changes, and natural selection.
Students explain change and
conservation conditions in the various
systems considering the transfer and
transport of energy and its interaction
with matter.
Students identify applications of some
knowledge about inheritance and
reproduction to improve the quality of
life of populations.
Students identify commercial and
industrial applications of energy
transport and matter interaction.

These actions are related to observing, registering, collecting data, applying
scientific theories, explaining while oriented by a basic hypothesis, using
mathematics procedures, and communicating conclusions into a basic
experimental framework. Theses actions also consider different applications
through mathematical resources, evaluating the quality of collected
information, modeling to predict, and measuring with suitable instruments.
These actions are based on (a) understanding topics of inheritance material,
comparing reproduction systems, and relating birth rate and populations,
taxonomies, species, and living beings, as well as theories about species and
their reproduction; (b) comparing characteristics of materials, recognizing
forms of energy, electrostatic forces, and mechanical waves, and
differentiating models for explaining nature and behavior of light; and (c)
identifying the usefulness of DNA and genetic biodiversity, and different
applications of scientific knowledge in industries, instruments,
communications, pollution, human reproduction, and health.
Commitments are made (a) to develop a respectful attitude towards the
environment, different points of view, and a collaborative disposition to use
scientific knowledge; and (b) to use scientific knowledge as a crucial
resource to make decisions about health, oneself and one’s own body,
gender equity, reproduction, sexuality, and cultural patterns.

1.2.4. Description of Students’ Practice in Taiwanese Curriculum Guidelines in Natural
Sciences, Grades 7–9

In the Curriculum Guidelines of 12-year Basic Education, in natural sciences, one of the
main concepts is “science competency,” which is related to the development of citizens who
can incorporate scientific knowledge into daily activities, judgments, and relationships with
the environment. The purpose is to reach value-driven curriculum implementation, such
as rational attitude, innovative thinking, judgments, and actions supported by scientific
knowledge. This type of citizenship requires students to deploy learning based on an
active exploration, experimental operation, and multiple learning. The core of scientific
knowledge is defined by scientific inquiry, practices, and argumentation, as well as seven
cross-subjects defined as material and energy, structure and function, system, and scale,
change and stability, interaction, science and daily life, resources, and sustainability [25].

In addition, curriculum goals in natural sciences are articulated with a learning stage
and specific learning performance framework. The junior high school stage corresponds
to the fourth learning stage, which moves from “concrete operation to abstract thinking”
through practices such as asking questions, forming hypotheses, designing simple experi-
ments, collecting data, drawing charts and tables, and presenting evidence and conclusions.
Scientific inquiry is the main reference for identifying problems, analysis, assessment,
planning, multiple learning, and operating technology incorporating useful information
into problem-solving practices. The junior high school stage has a framework of learning
performance organized in Table 3.

Table 3. Main characteristics of Taiwanese curriculum guidelines.

Items Sub-Items General Description of the Learning
Performance of the Fourth Stage

Inquiry ability
Thinking ability

Imagination and creativity
Reasoning and argumentation
Critical thinking
Construction of models

Students can connect them with observing phenomena and
collected data after acquiring knowledge and concepts of
natural sciences. From imagination promoted by
observation, students can categorize and model through
experimentation and collaborative work. Students’
performance is developed through guided activities to
evaluating models and apply scientific understanding in
daily life.
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Table 3. Cont.

Items Sub-Items General Description of the Learning
Performance of the Fourth Stage

Inquiry ability
—problem-solving

Observing and identifying
Planning and executing
Analyzing and finding
Discussing and communicating

Scientific reasoning and reliable investigations are the basis
for analyzing and generalizing and applying scientific and
mathematical knowledge. Planned observation and
problem recognition are core activites in scientific practices.
Students’ performance is developed through activities
under guidance, utilizing qualitative observations and
measurements.

Attitude towards
science and the Nature

of science

Cultivate an interest in scientific inquiry
Develop the habit of applying scientific
thinking and inquiry
Understanding the nature of science

Students’ performance is related to achieving a sense of
accomplishment through hands-on experimentation.
Additionally, sharing experiences allow them to evaluate
scientific knowledge and incorporate it into their decisions.
Three aspects are part of this experience: the legitimacy of
scientific knowledge, the influence and appraisal of the
scientific research context, and the perception of scientific
practices’ values.

2. Materials and Methods
2.1. General Background

This research considered two criteria to build up a methodological approach. On the
one hand, the comparative education approach considers the globalization process as a
phenomenon with differences and trends that must be learned through cross-disciplinary
research and regarding a set of variables to display the social and historical contexts, eco-
nomic and social structures, intellectual traditions, and political cultures, among others.
This comparison shows the differences between the pathway of the evolutions and goals
of the national education systems within globalization dynamics. [26,27]. On the other
hand, this research carried out a cross-disciplinary strategy based on science education
frameworks [28] and definitions and categories from educational sociology, exploring
the curriculum theory allowed to define curriculum policy as an empirical dimension to
observe discursive practices [29,30]. The discourses expressed within these discursive prac-
tices refer to the link between knowledge and social interest materialized in the curriculum
goals [31], and the semantics of purposes and objectives where it is possible to observe the
local/global articulation and the different arenas and actors involved in the dynamic of the
political decisions and functioning of the national education system [32,33].

2.2. Materials and Data Analysis
2.2.1. Materials

The main materials of this research were (a) the national documents that contain
the general curriculum guidelines and the respective documents to design the curricular
processes into the natural sciences area, (b) the coding framework for developing the
learning practices in science education and the analytical framework of the scientific
literacy concept, and (c) studies and data elaborated to evaluate the implementation of
educational reform processes in Colombia and Taiwan [34–36].

2.2.2. Data Analysis and References for the Coding Framework

The research employed the content analysis method [37,38] to describe Taiwanese
and Colombian curriculum characteristics and patterns. The authors established a coding
framework that the coding process would be based upon [39]. Three documents were
utilized to develop the coding framework. First, the framework for K-12 science education
was used as the main component in developing the coding framework. This document pro-
vides a set of eight scientific and engineering practices with expected learning performance
for students after 12th grade for each practice. Second, Appendix F of the Next Generation
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Science Standards [40] included more detailed learning performance for each grade (from
7th to 9th). Finally, the PISA science framework was used to triangulate with the other
two documents. The PISA scientific framework is focused on three scientific competencies
that are similar to some of the SEPs mentioned in the first document. The seven overall
guiding levels for establishing PISA test items were used in the coding framework as
reported earlier.

The authors carefully read the three documents and selected learning performance
for each SEP. Since the learning performance in the original documents were written
as a mixture of complex clauses built around one or even several verbs, the analysis
consisted of associating semantic field, anchoring verb, categories, and SEP. Two final
coding frameworks were established. One was a simplified coding framework consisting
of sub-practices and descriptions. It was used as the major framework in the coding process.
The other was a concrete coding framework with detailed sub-practices and sub-practice
indicators. These conceptual instruments were used to analyze the curriculum guideline
documents, identifying their convergences, alignments, and differences. The discussion and
analyses were based on the cognitive demand construct [41], which was clearly expressed
in the Taiwanese documents. The actions of production and thinking defined in the
Colombian guidelines were analyzed using Bloom’s Taxonomy to align our comparative
points and units and identify the different places from the problem-solving approach and
cognitive abilities. The guideline analyses also entailed developing an interpretation of the
statements adjusted to the national and social contexts; what was required to understand
the differences about research, investigation, and inquiry into the schools’ context; and
the main concepts that the respective academic and pedagogical traditions had defined to
organize classroom learning. This discussion was a complement to the coding framework
construction because through it, the comparative analysis incorporated a set of sociological,
historical, and political characteristics. Thus, the association between practices, learning,
and actions enlarged its points of comparison and based-data interpretation, and it was
carried out through successive approximations.

The comparative analysis strategy was also guided by the structural analysis of
discourse [42] through three stages of coding: (a) parallel structure for observing the
differences between concepts, structures, rationale, design criteria, political fundaments,
pedagogical approaches, sources and intellectual influences, and values, among other
aspects related to epistemological and sociological contexts and issues; (b) hierarchical
structure for identifying conceptual differences between main definitions and design cri-
teria of both national education systems, having as references the analytical framework
of PISA 2018 and the framework of the learning practices in science education; and (c)
cross-structure for synthesizing the analysis through the identification of the concordance
and alignment focus, following the categorical concurrence and depth-of-knowledge con-
sistency criteria [43].

Coding allows the theoretical approach to be connected with the educational practices.
Coding and comparative analysis are procedures to integrate conceptual analysis, quantita-
tive approaches, qualitative observation, and interpretation. They also work as mapping
data that link the research questions, aims, and data characterized by their diversity and
decision-making process operation [44]. Therefore, the association between analysis units
and practices was based on integrating perspective, comparative analysis, and decision
into the concordance analysis. This work was based on Kendall’s concordance coefficient
(W) and is suitable for interjudge reliability [45]. It is used to verify the consistency of the
scores of N works by multiple raters. Kendall’s W test can be interpreted as a “harmony
coefficient” that measures raters’ consistency. Kendall’s W test range is between 0 (dis-
agree) and 1 (completely agree). The higher the W value, the higher the consistency of the
raters. In this study, there were three raters coding the content of curriculum guidelines.
Among the 44 test codes (activities) in the curriculum guidelines for Colombia, Kendall’s
Wa value was 0.95 (chi-square value = 125, p < 00), and for the 15 test codes (standards) in
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the curriculum guidelines for Taiwan, Kendall’s Wa value was 0.99 (chi-square value = 42,
p < 00).

3. Results
3.1. Categorization Data and Concordance

The following are the analysis results based on production and thinking (Colombia)
and learning performance (Taiwan). The framework coding of science education standards
was taken as the main reference to observe their concordance; the “Practice” concept offers
indicators and observation statements to analyze the curriculum goals and definitions in
a comparative perspective. With this strategy, it was possible to identify that Taiwanese
curriculum guidelines focus on the practices presented in Table 4.

Table 4. Main practices in the Taiwanese curriculum guidelines.

Position Practice Taiwanese Curriculum Guidelines Reference Framework

1st Planning and carrying
out investigations

Taiwan aims at teaching scientific inquiry, or the
method of discovery, especially focusing on
hands-on experimentation not by rote doing the
procedure but rather by understanding, planning,
and recording observations.

Distinction between variables
Prediction of possible results
Operating with objects,
equipment, and resources.
Collecting data and evidence
Revising experimental design.

2nd
Constructing explanations (for
science) and designing
solutions (for engineering)

This reflects one of the science subject goals: to
construct explanations by connecting theory, data,
and findings. This rationale is reflected from the
beginning of the curriculum guidelines.

Use of evidence, models, and
explanations based on
scientific ideas to discover
unknown knowledge.
Use of scientific ideas to
solve problems.

3rd

Asking questions (for
sciences) and defining
problems (for engineering)

This is related to students’ prior knowledge and
observation to define questions and problems
worth investigating with scientific methods.

Definition of a research object.

4th Obtaining, evaluating, and
communicating information.

Effective communication is also a basis in a science
subject. This practice requires students to offer their
explanations of and opinions on other people’s
information or reports.

Use of communicating
scientific information,
research, and outcomes.

In the case of the Colombian curriculum guidelines, the emphasis is observed in Table 5.

Table 5. Main practices in the Colombian curriculum guidelines.

Position Practice Colombian Curriculum Guidelines Reference Framework

1st
Constructing explanations (for
science) and designing
solutions (for engineering)

This is related to the formulation of explanations
based on everyday knowledge and scientific
knowledge, recognizing theories, contents,
arguments, and models. Students’ actions are
related to social issues and the value of
scientific knowledge.
These explanations focus on handling scientific
knowledge about natural sciences and the
living environment.

Students can construct their
explanations, distinguishing
variables, models,
and representations.
Use of evidence, models, and
scientific ideas.
Obtaining evidence from
different experiments.

2nd Engaging in argument
from evidence

This considers the differentiation between
description, explanation, and evidence to reflect
social issues that can contribute to scientific
knowledge. This emphasis points to using natural
sciences knowledge to understand and act in the
relationship between science, technology,
and society.

Constructing arguments
supported by evidence.
Distinguishing between
claims, data, and reasons.
Respectfully receiving
critiques from peers.
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Table 5. Cont.

Position Practice Colombian Curriculum Guidelines Reference Framework

3rd Obtaining, evaluating, and
communicating information.

This practice is based on being able to communicate
features and findings of inquiry processes using
different resources. This practice also refers to
recognizing points of view, critiques, and
skepticism. This work is based on the information
search to participate in debates.

Discussing the validity of data,
hypotheses, and conclusions.
Gathering information from
multiple sources.

3.2. Comparative Analysis
3.2.1. Alignment and Similarities

The analysis shows that although important cultural and political differences exist
between Taiwan and Colombia, both countries hold on to the Sustainable Development
Goals of the United Nations; they are part of their basic definitions in education’s respec-
tive public policies. There is a convergence towards the relationship between education,
citizenship, social inclusion and integration, democracy, human rights, and environment,
among other concepts that highlight the national education system’s function to achieve
good levels of legitimacy, right guarantees, quality of life, and well-being. These factors
make up the larger context to understand the importance of measuring and promoting
learning quality because without the improvement of educational system effectiveness,
these principles of equity could not be achieved. This framework is also a favorable context
to value the importance of scientific work and promote in both countries the relationship
between scientific knowledge, social identity, citizenship, and reasoned opinions about
social issues.

The practices in science education are aligned around the construction of explanations
and the communication of inquiry practices. In the first aspect, a thinking structure
is expressed through the relationship between theory, data, and findings (Taiwan) or a
comprehensive approach to link scientific knowledge and “lifeworld” (Colombia). In the
second aspect, communication is related to constructing an explanation and gathering
relevant information to think and judge its reliability and validity. These characteristics
reinforce the participation in a learning community by following some aspects of scientific
practices and communities. Likewise, both curriculum guidelines present mathematics
with a similar connotation: being part of research processes, learning processes, and
cognitive demands, and as an instrument or means to identify patterns, express relations
between variables, or organize data, but not with a mathematization purpose.

3.2.2. Differences

One of the main differences between the curricular guidelines analyzed was the
duration of their respective schooling processes. In Taiwan, compulsory education lasts
12 years and in Colombia 10 years. Therefore, two ways to synchronize the educational
reform processes with curriculum policies were observed. On the one hand, the Colombian
national education system developed a curricular construction through the following
sequence: curriculum guidelines by areas (1998), basic standards of competencies (2006),
and structuring learning (2015). This trajectory advanced from the epistemological and
pedagogical definitions towards the definitions of competencies and their coherence criteria
to implement the curriculum policy, and finally, towards teaching routes, knowledge, and
abilities to achieve. This progression of the Colombian curriculum policy was coupled with
a reform process of the national education system’s functional aspects in coordination with
the National Plan of Education. From 1994–2016, the main reform topics were access and
coverage expansion, decentralization, articulation of implementation levels, monitoring
and assessments, accreditation and quality assurance, and teacher training. In this process,
the curriculum policy did not receive similar attention.
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On the other hand, in the period from 2000 to 2014, the Taiwanese public policy of
education developed a curriculum reform process highly coordinated with the extension
of compulsory education from 9 years to 12 years. This reform developed a wide field of
research and evaluation to achieve a significant alignment between curriculum, teacher
training, international assessments, science education, and expectations. In this level of
the curriculum policy, the Taiwanese experience also linked its goals with values and
representations of the globalization process and contemporary society.

There was a difference of experiences and policies in curriculum alignment in terms
of curriculum design and its programmatic level. Taiwan presented a set of instruments to
align its curriculum policy according to different expectations, international assessments,
goals, and cognitive interests. This alignment means science education practices delimited
their development field between learning stages, learning content, and learning practices,
as well as with cross-subjects of scientific knowledge. Unlike this policy scheme, Colom-
bian curriculum guidelines were oriented to linking up principles, consistency criteria,
and minimum contents to be achieved in the teaching processes. The scheme to define
structuring learnings was composed of statements, evidence, and examples to design the
learning process at the school and classroom levels. In addition, in this context, it is relevant
to note the differences between rationales and core concepts that define the representation
of science education: as a cultural resource that enhance the agency, citizenship, and com-
mitment of people to the environment, or as a representation of scientific knowledge. One
of the aspects reflecting this difference was the problem-solving approach, which closely
connected with the research and experimental experiences. This approach was the central
practice of the Taiwanese curriculum guidelines in natural sciences.

The synthesis of this analysis is presented in Table 6.

Table 6. Synthesis of comparative analysis.

Goals Curriculum

Taiwan
Scientific citizenship
Scientific literacy
Science competency

Skills of scientific inquiry
Cross-domains and thinking ability
Trajectories (learning stage–career)
Communication, participation in
decision-making, and problem-solving of
social issues

Colombia

Scientific theories and
practices
Impact of scientific knowledge
Commitments and
environment

Nature of science
Disciplinary-based classification of contents
Cognitive demand expressed as minimal
achievements
Demand of curriculum alignment

From the “Goals” and “Curriculum” categories, the differences between these cur-
riculum structures are displayed two reading lines. The horizontal line links the set of
concepts of educational policy (normative definitions) with curriculum theory concepts
(cognitive definitions), making intelligible expectations and curriculum designs (Taiwan),
and connects the set of values and principles with cognitive ideas influenced by the re-
quirements related to current participation in the OECD’s assessments (Colombia). The
vertical line shows the differences between curricular languages. For instance, the Tai-
wanese documents expressed their goals through concepts that integrate definitions of
scientific knowledge, pedagogical purposes, and political conceptions. Meanwhile, the
Colombian curriculum guidelines were defined as reformed and updated focus due to
the changes related to Colombia’s international recognition and national actors’ claims. In
addition, there are distinctions between a curricular language that considers the alignment
criteria between knowledge, performance, expectations, and the national education system
(Taiwan) and a type of curriculum policy construction that must deal with several pressures
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to harmonize its decentralization policy and its requirements to improve its effectiveness
and performance.

4. Discussion

The comparative analysis of the curriculum guidelines in natural sciences is based
on the encounter between Taiwan and Colombia in the OECD, allowing us to ask about
similarities between two systems and sets of education policies that belong to the same
knowledge area, political space, and international assessment. The common membership is
also a platform to think about academic cooperation scenarios related to science education,
quality education goals, and sustainable development. This comparative analysis aims at
indicating two key dimensions to activate other research and collaborations and foster the
relationship between goals and curriculum components.

The first dimension corresponds to the economic background criterion, which influ-
ences the operating conditions of educational institutions. The COVID-19 outbreak has
increased the national education system’s stress to generate inclusion and social cohesion
within the current context. The Colombian situation shows a deepening of gaps since
social distancing measures demand an intensive use of technology to continue the ed-
ucational processes, which cannot be accessed by a significant number of students and
teachers [46,47]. The current deepening of the gaps are added to the previous asymmetries
between Taiwan and Colombia produced in the globalization process. Thus, at least two
comparative questions could be posed: Should Colombia and Taiwan be considered two
marketization processes of education policies [48]? What are the main differences between
a marketization process through a national education policy [49] and another policy based
on educational services offered in a regulated space by the State and additional corporative
agreements [50]?

The results of this comparative analysis are also in connection with sustainability
factors. On the one hand, in 2016, Colombia started a political change process strongly
defined by the Peace Agreement signed after 60 years of armed conflict. In this new
context, the public policy of education has received again the responsibility to build up the
cultural process required to enhance democracy and reconciliation. [51] Curriculum goals
should promote the development, among other references, of the OECD’s aims, that is, a
connection between educational processes, learning, and social issues, including regional
development, environment protection, and the transformation process of the education
system following the digital economy criteria. [52] In the same context, the Ten-Year
National Education Plan 2016–2026 defined as its main task the regulation and delimitation
of the right to education according to different UNESCO conferences and Sustainable
Development Goals and the materialization of quality lifelong learning for everyone. [53]
On the other hand, Taiwanese diplomatic strategies to enlarge its international recognition
have tended to combine the economic factor with assistance initiatives that have increased
its importance in the current context. [54] In addition to its manufacturing capabilities,
democratic practices, and health strategies to prevent the spread of COVID-19, Taiwan
can also develop integration through educational collaboration, sharing its successful
experiences of effectiveness in schools and student performance. Both countries have
different development rhythms and strategies, but both face the challenge of adapting
their public policies to sustainability assessment procedures and indicators. [55,56] In the
educational field, this aspect refers to developing cooperation processes to improve public
education, pointing at the implementation process of linking science, education, teacher
training, technological innovation, and curriculum policies. Educational institutions and
organizations are required to deploy competencies to adapt and realign their performances
in new environments related to quality and accountability assurance systems [57] and to
responses to natural disasters that disrupt face-to-face educational processes [58].

The second dimension includes the analysis of the reform processes presented in the
Colombian and Taiwanese contexts. In this comparative analysis phase, it is possible to
indicate two beginning lines of reflection: (a) For its membership in the OECD, Colombia re-
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ceived a set of suggestions to improve all the elements from the national education systems,
such as budget, management, responsibility, fiscal structure, regional governments, schools,
and educational agents. The educational policy that promotes curricular autonomy and
teachers’ decisions about school life is a critical point because the material, cognitive, and
cultural conditions have not been developed yet. In this sense, the schools’ representation
as professional communities based on knowledge will continue being a conflict scenario
around the pedagogical practice, initial teaching training, and teachers’ political place in
constructing a society model [59]. In Colombia, there is a lower level of communication
between agents in the scientific and educational fields. Colombian public policy in science
was created in 2020, following an agenda of internal consolidation that is expected to
be reached in 2034. (b) Taiwanese reform process could be placed into a meta-level of
evaluation, given that several policies and programs are observing phenomena arising
after the second generation of curricular reform. For instance, this is expressed in research
on the impact of international assessment on developing scientific competencies or the
Taiwanese strategy to encourage synergy between higher education, science, research, and
innovation [60]. Additionally, Taiwanese projects to develop cooperation around Science,
Technology, Engineering, Mathematics (STEM) education stand out as an initiative to
expand an international knowledge space, following the guidelines of public policies and
international strategy to cooperate into a global ord. From experiences such as this, it is
possible to cooperate with Colombian reflections and perspectives on knowledge-based
educational change.

Despite their different pathways and development stages, Taiwan and Colombia can
implement cooperation processes and move towards quality education practices. For
example, both countries could share experiences and learn how to synchronize curriculum
innovation with the national education system’s reform process. However, there are also
important dialogue and collaboration topics at the programmatic level, such as how to align
curriculum guidelines with knowledge-based curriculum standards to improve students’
abilities, how to develop initiatives of cooperation into international knowledge spaces
such STEM education, and what the key factors to foster the technological, pedagogical,
content knowledge of teachers’ performance are. These three questions converge towards
the teacher training field and highlight universities’ importance to achieve a sustainable
change and innovation process.

5. Conclusions and Implications

This comparative analysis delimited a framework to tackle the component of practices
and performances in curriculum guidelines for natural sciences from Taiwan and Colom-
bia. A coding and conceptual analysis were developed, working over a set of curriculum
policy documents for comparison. The framework of science education practices was
the reference to analyze production and thinking and learning practices, and to define
their concordance and alignment. Taiwanese curriculum guidelines have as their core
practice the development of inquiries, research, and experimentations to promote scientific
literacy and citizenship, whereas Colombia has as a central practice the construction of
explanations based on scientific ideas, gathering information, and using evidence. There
is also a concordance over practices related to obtaining and communicating information.
These results show the importance of curriculum policies such as epistemological defini-
tions, diagnosing and representing social expectations, and the alignment of instruments,
curriculum definitions, and design criteria of teaching processes. The differences between
these factors’ behaviors into national curriculum policies should be considered part of a
comparative strategy of contexts, medium-term processes to reform the national education
systems or schooling features and curriculum guidelines from their intellectual traditions,
theoretical, and pedagogical influences, and current requirements of policies.

This research was developed as a comparative analysis between Taiwan and Colombia
curriculum guidelines since there are no previous similar studies. However, public policies
in education are useful for starting and drawing research lines and case studies. This
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characteristic was a limitation to increase the control of variables, analysis units, and
coding of qualitative data; in another sense, this limitation should be complemented
with more complex analyses. From the curriculum perspective, this work was limited to
observing the convergences and differences between national curriculum guidelines and
the natural sciences field. Although this limitation contributed to the analysis’ reliability, it
should be integrated into the analysis related to variables such as technology, knowledge,
teacher education, and networks, among others. It should also be considered as another
knowledge area.

According to the comparative perspective, the future scenarios to develop more re-
search about the public policies of education from Taiwan and Colombia depend on at least
three factors: (a) the progression of the diplomatic and international integration between
these two countries and the capabilities to project their OECD membership towards more
collaboration. The alignment between the national curriculum guidelines and the Sus-
tainable Development Goals is a strategic scenario and subject to generate reflection lines
about pertinence, adaptation, and feasibility of comparative and collaborative research and
communicate the academic and university interests with decision-makers’ spaces for long-
term strategic reflections. The remaining two factors are (b) the dynamic of the constitution
and development of the international knowledge spaces, and the cooperation that both
countries agree to implement through university collaboration, curriculum investigation,
international assessments, cross-disciplinary curriculum design, teachers’ education, and
technological and pedagogical practices, among other topics, and (c) the construction of
a platform for communication among researchers, academic communities, and academic
programs to develop a suitable comparative analysis of resources, capabilities, traditions,
frameworks, policies, gaps, and social indicators, among other contents. These indicators’
pertinence would depend on the specific ways to agree with research teams, institutions,
educational actors, and policy-makers.

To develop future research, one aims to identify topics to implement cooperation
practices between researchers and universities within the educational field and curriculum
policies. The current context marked by the COVID-19 outbreak also requires increasing
the resources and solutions to protect and continue with the learning processes and the
link between teachers, students, and learning practices. These aspects highlight research
lines such as technological pedagogical content knowledge (TPCK), STEM education and
teacher education, and online learning. Different cases studies are possible to consider as
future research topics: (a) analysis of curricular alignment strategies in Taiwan and their
impact on international assessments’ performance. This subject could produce knowledge
to transfer different learnings and suggestions to develop in Colombia. The other two
include (b) teacher education, research profiles, and cross-disciplinary concepts to define
curriculum features into specific knowledge areas and (c) characterizing reform processes
in the Taiwanese and Colombian national education systems.

In the theoretical dimension, this research’s main implications are related to following
the current curriculum reflections from their definition as public policy. This shift has a
significant impact on the curriculum’s pedagogical and political dimensions because it
requires communicating different theoretical frameworks through their concepts, insti-
tutional definitions, and architectures. Moreover, this curriculum conception promotes
an analysis of curriculum policies linking the classroom processes with goals, research
programs, decision-making processes, and a metacognition level. This conceptual shift
also implies a dialogue between theoretical, pedagogical, and intellectual traditions to
understand the rationales, concepts, and approaches on which the respective curricu-
lum policies are based. In the practical dimension, this work highlights the importance
of connecting the academic collaboration initiative with decision-making processes and
policy-makers to encourage the construction of alliances between universities, doctoral
programs, researchers and research teams, and students, among other actors. Universities
have an opportunity to open a space of cooperation with impact face to the challenges of
the current world and its changes.
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