1.Acquiring scientific, technological, engineering, and mathematical knowledge and using that
knowledge to identify issues, acquire new knowledge, and apply the knowledge to STEM-related
issues.

2.Understanding the characteristic features of STEM disciplines as forms of human endeavors

that include the processes of inquiry, design, and analysis.

3.Recognizing how STEM disciplines shape our material, intellectual, and cultural world.
4.Engaging in STEM-related issues and with the ideas of science, technology, engineering, and
mathematics as concerned, affective, and constructive citizens.

STEM literacy involves much more than just content knowledge; it also require an understanding
of the representation and interpretation of scientific data, scientific explanations and projections,
and the process of science. Further, STEM literacy involves cognitive and metacognitive abilities,
collaborative teamwork, effective use of technology, and the abilities to engage in scientific
discourse around global issues, synthesize disparate concepts, and persuade others to take
informed action based on scientific evidence. (Page 57)

Cognitive apprenticeship theory emphasizes the need to foreground authentic and broadly
transferable cognitive skills through instruction. In the context of engineering education, STEM
literacy is a term that is used to define such skills.( )

STEM literacy refers to acquiring (new or not)scientific, technological, engineering, and
mathematical knowledge.
STEM literacy refers to using STEM knowledge to identify STEM-related issues.

STEM literacy refers to understanding the characteristic features of STEM disciplines as
forms of human endeavors that include the processes of inquiry, design, and analysis.

STEM literacy refers to recognizing how STEM disciplines shape our material, intellectual,
and cultural world.

STEM literacy refers to engaging in STEM-related issues and with the ideas of science,
technology, engineering, and mathematics as concerned, affective, and constructive
citizens

STEM literacy involves content knowledge

STEM literacy involves understanding of the representation and interpretation of scientific
data, scientific explanations and projections, and the process of science.

STEM literacy involves cognitive and metacognitive abilities

STEM literacy involves collaborative teamwork

STEM literacy involves effective use of technology

STEM literacy involves the abilities to engage in scientifi ¢ discourse around global issues

STEM literacy involves synthesize disparate concepts

STEM literacy involves persuade others to take informed action based on scientific
evidence

STEM is defined by entic and broadly transferable cognitive skills

STEM literacy for Thai vocational education consists of six components: identifying a STEM
problem, exploring and acquiring new knowledge, applying STEM concepts, solving the STEM
problem, communicating STEM information and making a STEM decision. (Page 527)

STEM knowledge(Science knowledge, Technology knowledge, Engineering knowledge,
Mathematical knowledge); STEM skills(Observation, guessing and testing, problem identification
and goal setting, informatin collection, planing and designing, implentation, communication,
explanation and representation); STEM disposition(Curiousity and enthusiasm, perseverance,
initiative, collaboration, creativity)

STEM literacy practices including: posing and solving problems in the world and in the design
process; identifying, organizing, and integrating information across sources; creating
representational forms and traversing representational systems and materials; communicating
information in new ways to different audiences; and documenting making processes and/or
milestones.(Page 3, Table 1)

The first category of program goals consists of building a strong foundation for scientific and
STEM literacy. This includes not only an understanding of basic math and science but also
experience with critical thinking and problem solving. These skills are valuable for nearly all
citizens, not just those actively working in STEM fields.

This study proposed that STEM literacy consists of three aspects — knowledge, ability and attitude

(Figure 1)(Page 871).

The development of STEM literacy was a unifying theme across literature. This was positioned at
the core of K-12 STEM education, defining its purpose and desired outcomes from STEM
curriculum. These outcomes can be summarised as follows: learning STEM discipline knowledge,
recognising how STEM shapes our world, understanding the nature of STEM-based endeavour
and engaging constructively with STEM-related issues and challenges.

Literacy is about communicative competency, the ability to do and share. To that end, a STEM-
literate student:

* Demonstrates problem-framing and problem-solving skills, applying them across disciplines.

* Articulates that technology is used to expand knowledge and ability.

* Draws connections to the opportunities specific technologies create for individuals.

* Persists through productive struggle to attain success, especially as it relates to technology and
engineering design.

* Makes informed decisions using sound reasoning that can be appropriately expressed.

* Articulates reasoning based in mathematical and scientific concepts and processes.

* Evaluates information for relevancy and accuracy.(Page 23)

STEM literacy consists of identifying a STEM problem

STEM literacy consists of exploring and acquiring new knowledge

STEM literacy consists of applying STEM concepts

STEM literacy consists of solving the STEM problem

STEM literacy consists of communicating STEM information

STEM literacy consists of making a STEM decision
STEM literacy includes STEM knowledge(Science knowledge, Technology knowledge,
Engineering knowledge, Mathematical knowledge)

STEM literacy includes STEM skills(Observation, guessing and testing, problem
identification and goal setting, informatin collection, planing and designing, implentation,
communication, explanation and representation)

STEM literacy includes STEM disposition(Curiousity and enthusiasm, perseverance,
initiative, collaboration, creativity)

STEM literacy practices include posing and solving problems in the world and in the design
process

STEM literacy practices include identifying, organizing, and integrating information across
sources

STEM literacy practices include creating representational forms and traversing
representational systems and materials

STEM literacy practices include communicating information in new ways to different
audiences

STEM literacy practices include documenting making processes and/or milestones
STEM literacy includes understanding of basic math and science
STEM literacy includes experience with critical thinking

STEM literacy includes experience with problem solving

STEM literacy consists of knowledge

STEM literacy consists of ability

STEM literacy consists of attitude

STEM literacy includes learning STEM discipline knowledge
STEM literacy includes recognising how STEM shapes our world
STEM literacy includes understanding the nature of STEM-based endeavour

STEM literacy includes engaging constructively with STEM-related issues and challenges

A STEM-literate student can demonstrate problem-framing and problem-solving skills,
applying them across disciplines.

A STEM-literate student can articulate that technology is used to expand knowledge and
ability.

A STEM-literate student can draw connections to the opportunities specific technologies
create for individuals.

A STEM-literate student can persist through productive struggle to attain success,
especially as it relates to technology and engineering design.

A STEM-literate student can make informed decisions using sound reasoning that can be
appropriately expressed.

A STEM-literate student can articulate reasoning based in mathematical and scientific
concepts and processes.




22

The five aspects of STEM literacy initially specified for the STEM-CIS items were: self-
efficacy/perception of ability (12 items), attitude and interest (willingness to engage, career
belief, disposition; 32 items), role and utility of STEM in society (10 items), sense of community
(16 items), and family influence (14 items).

Thus, a deictic description for developing STEM literacy needs to spotlight three strata: (1)
literacies of science, technology, engineering, mathematics, and other associated areas; (2)
personal, societal, and economic needs; and (3) cognitive, affective, and psychomotor learning
domains.(Page 15)

Based on the review of the literature, we found similar trends and lines of inquiry in the way
scientific, mathematical, technological/engineering literacies have been conceptualised and
studied by researchers in their respective communities. These similarities offer a common ground
that could be used as a basis for defining a collective STEM literacy across the disciplines.

* The creation, use and conversion of codified multimodal representations

* The mastery of common visual resources such as annotated diagrams and geometric drawings
* The application of cognitive and metacognitive strategies involving problem identification,
planning, evaluation and self-monitoring( )

STEM literacy is the ability to identify, apply, and integrate concepts from science, technology,
engineering, and mathematics to understand complex problems and to innovate to solve them.
(Page 7)

Thus, another goal of STEM education is to increase STEM literacy—defined as the knowledge
and understanding of scientific and mathematical concepts and processes required for personal
decision making, participation in civic and cultural affairs, and economic productivity for all
students.(Page 5)

This article is a non-empirical, polemic arguing for a critical STEM literacy, brought into sharper
focus by the requirements of the pandemic for people in all situations to engage with STEM
issues, knowledge and information so that personal health decisions are informed rather than
relying on hearsay, myth and false information.(Page 341)

The frameworks developed in this study mainly focused on systems of oppression and privilege,
and it consisted of six aspects, respectively the empathy, dispositions, STEM identity
development, empowerment, critical thinking & problem solving, utility & applicability.

STEM literacy is the dynamic process and ability to apply, question, collaborate, appreciate,
engage, persist, and understand the utility of STEM concepts and skills to provide solutions for
STEM-related personal, societal, and global challenges that cannot be solved using a single
discipline.(Page 33)

The results showed that STEM literacy consisted of: 1) the ability to identify STEM problems, 2)
the ability to seek new knowledge, 3) the application of the STEM concept, 4) the ability to solve
problems using STEM, 5) the ability to communicate information relating to STEM, and 6) the
ability to make decisions based o

Nature of STEM; STEM concepts and contents; STEM motivation; STEM career interests; STEM
attitude;Psychomotor skills;Engineering skills(Page 156, Fig 2)

STEM literacy is the ability to apply concepts from science, technology, engineering, and
mathematics to solve problems that cannot be solved using a single discipline ))

Understand, apply, analyses, evaluation, create different types of knowledge(factual, conceptual,
procedual and metacognitive knowledge)(Page 99 Appendix A)

STEM literacy from systematic-narrative literature review (n=14 from 28) found 16 domains,

grouped into 5 categories: STEM concepts, STEM practices, STEM applications, STEM attitudes,

A STEM-literate student can evaluate information for relevancy and accuracy.

STEM literacy includes self-efficacy/perception of ability

STEM literacy includes attitude and interest (willingness to engage, career belief,
disposition)

STEM literacy includes role and utility of STEM in society

STEM literacy includes sense of community

STEM literacy includes family influence

STEM literacy promotes literacies of science, technology, engineering, mathematics, and
other associated areas

STEM literacy promotes personal, societal, and economic needs;

STEM literacy promotes cognitive, affective, and psychomotor learning domains

STEM literacy is defined by the creation, use and conversion of codified multimodal
representations

STEM literacy is defined by the mastery of common visual resources such as annotated
diagrams and geometric drawings

STEM literacy is defined by the application of cognitive and metacognitive strategies
involving problem identification, planning, evaluation and self-monitoring

STEM literacy is the ability to identify, apply, and integrate concepts from science,
technology, engineering, and mathematics to understand complex problems and to
innovate to solve them.

STEM literacy is defined as knowledge and understanding of scientific and mathematical
concepts and processes

STEM literacy is defined as personal decision making

STEM literacy is defined as engagement in civic and cultural affairs, as well as economic
productivity
A STEM literate individual can engage with STEM issues, knowledge, and information

A STEM literate individual can make decisions based on information including hearsay,
myths, and misinformation.

STEM literacy consists of empathy

STEM literacy consists of dispositions

STEM literacy consists of STEM identity development

STEM literacy consists of empowerment

STEM literacy consists of critical thinking & problem solving

STEM literacy consists of utility & applicability(Applied further, students get to visualize
and see the utility and applicability of the solutions to the complex problems)

STEM literacy is the ability to use STEM concepts and skills to provide solutions for STEM-related
challenges

STEM literacy consists of the ability to identify STEM problems

STEM literacy consists of the ability to seek new knowledge

STEM literacy consists of the application of the STEM concept

STEM literacy consists of the ability to solve problems using STEM

STEM literacy consists of the ability to communicate information relating to STEM
STEM literacy consists of the ability to make decisions based on STEM

STEM literacy has a dimension of nature of STEM

STEM literacy has a dimension of STEM concepts

STEM literacy has a dimension of STEM motivation

STEM literacy has a dimension of STEM career interests

STEM literacy has a dimension of STEM attitudes

STEM literacy has a dimension of psychomotor skills

STEM literacy has a dimension of engineering Skills
STEM literacy is the ability to apply concepts from science, technology, engineering, and
mathematics

STEM literacy is the ability to solve problems that cannot be solved using a single
discipline.

STEM literacy entails understanding, applying, analysis, evaluation, creation of factual
knowledge

STEM literacy entails understanding, applying, analysis, evaluation, creation of conceptual
knowledge

STEM literacy entails understanding, applying, analysis, evaluation, creation of procedual
knowledge

STEM literacy entails understanding, applying, analysis, evaluation, creation of
metacognitive knowledge

STEM literacy has the category of STEM concepts
STEM literacy has the category of STEM practices

and STEM related context

STEM literacy has the category of STEM applications



STEM literacy has the category of STEM attitudes
STEM literacy has the category of STEM related context

STEM literacy has a dimension of dormulating situations mathematically
STEM literacy has a dimension of using concepts, facts, procedures, or reasoning
The research instrument was a STEM literacy test comprising six open-ended questions to assess STEM literacy comprises STEM concepts
six components of STEM literacy: STEM concepts, STEM integration, STEM practice, STEM STEM literacy comprises STEM integration
participation, STEM evaluation, and STEM awareness. STEM literacy comprises STEM practice
STEM literacy comprises STEM participation
STEM literacy comprises STEM evaluation
STEM literacy comprises STEM awareness
Based on STEM elements and combined with the reality of primary and secondary school STEM literacy consists of STEM knowledge
students, the STEM literacy framework is proposed and constructed. As shown in figure 2, it STEM literacy consists of STEM thinking
26 mainly consists of STEM knowledge, STEM thinking, STEM ability and STEM attitude. (Page 371) STEM literacy consists of STEM ability

The research instrument consisted of 40 multiple-choice questions on environmental change STEM literacy has a dimension of explaining phenomena scientifically
issues, covering seven STEM literacy indicators: explaining phenomena scientifically, evaluating STEM literacy has a dimension of evaluating and designing scientific investigations
and designing scientific investigations, interpreting data and evidence scientifically, STEM literacy has a dimension of interpreting data and evidence scientifically

24 understanding technological principles, developing solutions to achieve goals, formulating STEM literacy has a dimension of understanding technological principles
situations mathematically, and using concepts, facts, procedures, or reasoning.(Page 203) STEM literacy has a dimension of developing solutions to achieve goals

STEM literacy consists of STEM attitude

STEM concepts, STEM integration, STEM practice, STEM participation, STEM evaluation, and STEM literacy has a component called STEM concepts
STEM awareness. STEM literacy has a component called STEM integration
STEM literacy has a component called STEM practice
STEM literacy has a component called STEM participation
STEM literacy has a component called STEM evaluation
STEM literacy has a component called STEM awareness
The ability of digital literacy, information literacy, media literacy and mastering information and STEM literacy includes digital literacy
communication technology actually includes science, technology, engineering, and mathematics STEM literacy includes information literacy
which is currently called STEM literacy (Science, Technology, Engineering, and STEM literacy includes media literacy
Mathematics).(Page 3) STEM literacy includes mastering information and communication technology
More specifically, STEM literacy is the ability to apply concepts from science, technology,
engineering, and mathematics to solve problems that cannot be solved using a single
discipline.(Page 68)
STEM literacy is defined as the ability of a student to apply, identify, and integrate STEM concepts
to solve complex problems and innovate in various areas.(Page 26) concepts to solve complex problems and innovate in various areas
The expected outcomes for employing this five-step paradigm to promote STEM literacy will: STEM literacy includes the awareness of STEM careers
* Attract and bring awareness to students in grades K-12 about S.T.E.M. careers and how the STEM literacy includes the awareness of how STEM careers fields are relevant to their
relevancy of the field is incorporated within their everyday life. everyday lives
* Build social teamwork, presentation skills and ability to articulate critical thinking skills which STEM literacy includes the social teamwork skill to excel in any academic discipline or
are necessary to excel in any academic discipline or career. career
* Give students the knowledge to actively and confidently resolve engineering problems, and
develop original solutions and designs.
 Retain student enrollment to attain S.T.E.M. degrees by fostering real-world socially relevant STEM literacy includes the critical skills to excel in any academic discipline or career
uses of engineered solutions and designs. STEM literacy includes the STEM knowledge to actively and confidently resolve
engineering problems, and develop original solutions and designs.
STEM literacy includes recognizing the real-world, socially relevant applications of
engineering solutions and designs
In the current study, the dimensions of STEM Literacy that represented the most common STEM literacy has a dimension called understanding and seeking the scientific,
elements among several studies were: understanding the scientific, mathematical, technological, mathematical, technological, and engineering principles
and engineering principles and how to integrate them into the STEM approach, ability to identify
problems and seek new knowledge in STEM approach, and desire to participate and take
decisions about issues related to STEM education.(Page 4) STEM literacy has a dimension called identifying problems
STEM literacy has a dimension called desiring to engage with STEM-related issues
STEM literacy has a dimension called taking decisions about STEM-related issues
The STEM literacy indicators are (1) Developing questions and identifying problems, (2) Building An STEM literacy indicator is developing questions and identifying problems
explanations (science) and designing solutions (engineering), (3) Applying mathematics, An STEM literacy indicator is building explanations (science) and designing solutions
information technology, computers and computational thinking, (4) Creating and using models, (engineering)
(5) Plan and carry out investigations, (6) Collect, evaluate, and convey information, (7) Engage in An STEM literacy indicator is applying mathematics, information technology, computers
evidence-based arguments, (8) Analyze and interpret data. and computational thinking
An STEM literacy indicator is creating and using models
An STEM literacy indicator is planning and carrying out investigations
An STEM literacy indicator is collecting, evaluating, and conveying information
An STEM literacy indicator is engaging in evidence-based arguments
An STEM literacy indicator is analyzing and interpreting data.
An STEM literacy dimension is acquiring and using the application of scientific,

STEM literacy is the ability to apply concepts from science, technology, engineering, and
mathematics to solve problems that cannot be solved using a single discipline

STEM literacy includes the presentation skill to excel in any academic discipline or career

STEM literacy has a dimension called integrating STEM principles into the STEM approach

Generally, the current study focuses on a set of main dimensions through which it is possible to

define a broad conception of STEM Literacy, which are as follows: technological, engineering and mathematical knowledge.
* Acquiring and using the application of scientific, technological, engineering and mathematical An STEM literacy dimension is understanding the integration of STEM as human
knowledge. endeavours
¢ Understanding the integration of STEM as human endeavours. An STEM literacy dimension is having awareness of how STEM builds and shapes our
* Having awareness of how STEM builds and shapes our physical, intellectual and cultural world. physical, intellectual and cultural world.

3 * Having desire to participate in issues related to STEM education by physics teachers through e- An STEM literacy dimension is having desire to participate in STEM-related issues
learning.

 Taking decisions on issues related to STEM education and their practical application in elearning

by secondary school physics teachers.(Page 798) An STEM literacy dimension is making informed decisions on STEM-related issues and

their pratical application

Based on these definitions, we propose that to be literate in STEM is: To be able to identify and To be STEM literate is to be able to identify and apply core ideas
apply core ideas and the ways of thinking, doing, talking and feeling of Science, Engineering and
Mathematics in a relevant integrated way, so that we can both understand, make decisions
and/or act in front of complex problems and build creative solutions, using the necessary

To be STEM literate is to be able to identify and apply the ways of thinking, doing, talking
and feeling of Science, Engineering and Mathematics in a relevant integrated way

technologies in a collaborative way.( To be STEM literate is to be able to understand complex problems
To be STEM literate is to be able to make decisions and take action in response to complex
problems.
To be STEM literate is to be able to build creative solutions




The research instrument used in this study is a test specifically designed to measure STEM
literacy. This test consists of two types of questions, namely 8 multiplechoice questions and 6
essay questions. The multiplechoice questions aim to test the basic understanding and
application of STEM concepts, while the essay questions assess critical thinking skills, analysis,
and the application of knowledge in real contexts.(Page 10801)

(1) Information processing and STEM literacy: We view IP(Information processing) as aligning well
with one of Laugksch’s conceptions of STEM literacy, which they call “literate as competent.” This
definition of literacy is characterized by the extent to which an individual is “competent,” which is
marked by their ability to carry out certain tasks, as well as their ability to communicate to a third
party about scientific matters, suggesting some involvement in society. Additionally, literate as
competent interpretations view science content knowledge as existing outside the mind, to be
mastered by the individual.

(2) Constructivism and STEM literacy: STEM literacy conceptualized in this manner emphasizes
the way that an individual is interpreting the content and how the text is allowing interpretation

from the reader, which parallels the constructivist view of a subjective reality based on an
individual’s experiences. A final aspect of literacy that Norris and Phillips characterized is that
neither the text nor the reader is supreme. Constructivism places value on the individual learner’s
active role in knowledge building and, thus, does not view the text as superior to the learner.

(3) Sociocultural theory and STEM literacy: Discourse about STEM is what Solomon viewed as
leading to an identity of participation, and thus STEM literacy
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