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Abstract. The main research question
of this research study is how to

design a valid and reliable holistic
rubric to be used as a criterion for

the comparison of the STEAM model
by analyzing different countries’
science curricula. Considering this
question, STEAM model rubrics was
created by examining the ways of
shaping science education policies.
The research was qualitative, and the
design of this research was descriptive.
Document analysis was carried out
for data collection process. Content
analysis was used for analyzing data.
The raters selected conveniently from
science education and measurement
evaluation fields were asked to rate
the Turkish and Finnish Science
Curricula as documents through the
developed rubric. The rating process
was carried out by associating
appropriate themes obtained from
literature. Sub-dimensions of the rubric
developed were examined by teachers
and researchers who are experts

in the STEAM fields, measurement
and evaluation. For calculating the
reliability, the researchers graded

a content about the Turkish and
Finnish Science Curricula from the
STEAM learning areas with this rubric.
Fleiss Kappa and Miles Huberman
consistency statistics were used

for providing inter-rater validity. It
obtained valid and reliable criteria for
making significant contributions and
comparisons of the STEAM model in
science education policies.
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Introduction

The interdisciplinary skills-based curriculum approach aims to educate
individuals with integrated higher-order thinking competencies such as
technological literacy, scientific process, and computational thinking in ac-
cordance with the characteristics of the 21st century. The concept of interdis-
ciplinarity was developed by combining at least two disciplines and creating
integrated learning areas (Kline, 1995). This concept, which is also referred
to as an approach, addresses the trans-disciplinary fields and skills that are
integrated while indicating a problem situation or an outcome in curricula.
When the literature on the concept of interdisciplinarity is examined, itis seen
that with the flexible programming approach, subjects belonging to different
fields and related to each other are integrated, and a development path is
followed in which lesson plans and processing styles are at the forefront with
appropriate learning and teaching models. In the interdisciplinary learning
approach, learners use higher-level thinking skills such as analysis, synthesis,
reflective, creative, critical and computational thinking while integrating
information from different fields in the process of structuring knowledge
(Yeni et al., 2024). This approach is very important in terms of revitalizing
the learning environment, enabling learners to use their creativity, ensuring
that they are interested in the lesson and, as a result, realizing meaningful
learning (Hart, 2019; Reynders et al., 2020).

In the context of its interdisciplinary conceptual framework, STEM
(Science-Technology-Engineering-Mathematics), as it is commonly known, in-
cludes mathematics, natural sciences, engineering/engineering technologies
and computer/information fields (Chen, 2009; English, 2016). In the context
of education, STEM includes research, inquiry and project-based approaches
instead of traditional teaching methods (Breiner et al., 2012). With this feature,
STEM is important for science education due to its structure that supports
skill development by integrating disciplines in the focus of concepts and
skills specific to the relevant disciplines (Cepni & Ormanci, 2018; Takeuchi et
al., 2020; Wan et al., 2023). Multidisciplinarity means studying a topic in more
than one discipline at the same time. Perspectives from different disciplines
provide a broader understanding of a topic. In interdisciplinary thinking and
working, you take an extra step: you try to integrate perspectives or insights
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from different perspectives through interaction to better understand a complex phenomenon. Integration can
take place, for example, at the level of methods, tools, concepts, theories or understandings. In this way, you can
do more together than you can do alone (Huutoniemi et al,, 2010; Gao et al., 2020). Interdisciplinarity involves
not only students or academics but also other (societal) partners in researching a complex problem. For instance,
constructing co-creativity between students and municipalities, companies, or other societal organizations, cov-
ers the term of interdisciplinarity. It is, therefore, about bringing together knowledge from science and practice to
arrive at a specific integrative approach or solution that also has an impact on society (Klein, 2010). In this context,
the STEM model is a form of modeling that is more suitable for the concept of interdisciplinarity. It is seen that
STEM is associated with different patterns in studies conducted in the field of science education. Studies in which
the concept of approach is associated with STEM (Arslan, 2021; Giler, 2023; Sutaphan & Yuenyong, 2019) studies
in which STEM is associated with engineering and design concepts (Galanti & Holincheck, 2024; Roehrig et al.,
2021) are frequently studied in the literature. In addition, in the context of the doctoral dissertation conducted
by Bekereci (2022), a systematic research study conducted by Rochim et al. (2021) was found in which STEM was
associated with a learning model, which is a more inclusive concept.

Science education is an interdisciplinary area which provides meaningful transitions between different fields
and skills. Educational philosophy and psychological paradigms identify the visions and missions of curricula. The
most radical change in the historical development process of science curricula in Turkey occurred in 2004-2005
with the reflection of the constructivist learning theory, which is based on the process of linking learners’ prior
learning with their new learning, and the spiral programming approach brought by this theory. The concept of
learning domain was emphasized for the first time, and the five disciplines of science (physics, chemistry, biology,
astronomy and earth science) were positioned at every level from third to eighth grade in a way to observe the
principles from simple to complex, from concrete to abstract, from known to unknown, from recent past to distant
past, and science and technology literacy and the skills it covers were defined in this curriculum (MEB, 2005).

When the reflections of the STEM model on Science Curricula in Turkey were examined in the 2013 Science
Curriculum, it was aimed to develop the science process skills of learners through open-ended hypothesis-based
experimental activities by emphasizing the inquiry-based learning approach (MEB, 2013). In the 2018 Science Cur-
riculum, STEM emerged as a separate learning area that integrates science and technology literacy with science,
technology, mathematics and engineering areas (MEB, 2018). In the revised Science Curriculum (MEB, 2024) based
on multiculturalism and interdisciplinarity, these concepts were addressed by integrating them with values and
skills education. Since the implementation of the 2024 program will start to be implemented in the fifth grades in
the 2024-2025 academic year, the scoring content was created by evaluating the vision and theoretical dimension
of the program, since the scoring educators did not have implementation experience. The place of STEM in the
education policy of Finland, one of the countries with high success in PISA and TIMSS assessments, is clearly stated
in the Finnish National STEM Strategy and Action Plan (Finnish National STEM Strategy and Action Plan-Experts
in Natural Sciences, Technology and Mathematics in Support of Society’s Welfare and Growth) with its vision and
goals for 2030 (MEC, 2023).

Throughout the phenomenological definition of STEM, different approaches were recognized on the basis
of countries. The STEM model has an important place in the socio-economic development of countries, competi-
tion in the international arena, and supporting the career journey of individuals (Nungu et al., 2023). In the report
published by the National Research Council (NRC-National Research Council, 2011), the three goals of the United
States in STEM education are: increasing the number of students pursuing careers in STEM, expanding the workforce
with STEM competencies, and increasing students’' STEM literacy. NRC (2014) contributed to the field by providing
a comprehensive structure for integrating STEM disciplines at the K12 level. Gough (2015) drew attention to the
reflective aspects of the STEM approach of various governments, namely increasing science literacy and orienta-
tion towards STEM education, developing manpower with the skills covered by the high-level STEM approach,
and enacting an economic policy agenda for STEM competencies. In addition, the fact that most of the science
questions in the Program for International Student Assessment (PISA) and Trends in International Mathematics and
Science Study (TIMSS), which are international assessment projects, are developed from STEM-focused activities
emphasizes the global importance of STEM (Cepni & Ormaci, 2018).

The United States of America, which influences the majority of countries in the world with its science education
standards, interprets STEM from a more mechanistic, populist perspective and emphasizes technological literacy as
the use of effective educational tools and equipment in the development processes of learners. On the other hand,
Far Eastern countries such as Japan, Singapore and South Korea add the A (Art) dimension to the model and focus
on the integration of the STEAM (Science, Technology, Engineering, Art, Mathematics) model in terms of science,
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technology, mathematics and engineering disciplines into a philosophy of life and focus on the learners solving
problems in daily life situations with the science process and life skills they have gained. Beyond the A as an art
dimension represented in this model, it is based on the adaptation of the knowledge and skills acquired through
human knowledge and skills to daily life situations (Bodner & EImas, 2020; Brown et al., 2011; ElImas & Geban, 2016;
Sungur et al,, 2006). Blackley and Howell (2015) pointed out that high-performing Asian countries with emerging
economies, such as Korea, Japan, China and Taiwan, have national policies that prioritize universities and industry
in the light of science and technology considering humanistic paradigms.

When the national and international literature is examined, it is stated that the theoretical framework of the
engineering design process (EDS) of the STEM model should be used in educational settings (Aranda et al., 2020;
Atman et al., 2007; Crismond & Adams, 2012; Moore et al., 2014). The engineering design process constitutes the
theoretical framework of the STEM model. In the literature, it is seen that instead of integrating STEM disciplines, these
disciplines are taught independently of each other through science activities (Bybee, 2013; Johnston et al., 2019).

Due to the multidimensional structure of the STEM concept, it was concluded that it was associated with
different concepts in accordance with the problems addressed by the researchers. It is seen that some of the
frequently associated concepts are reflected in the literature as engineering design, robotic applications and
technology-related concepts (Gencer et al., 2019; Ozkul & Ozden, 2020; Sen et al., 2021). In addition, in the context
of skills, STEM is associated with computational thinking skills based upon their common similarities due to the
presence of engineering and technology dimensions (Sari & Karasahin, 2020), and STEM s inclusive of 21st-century
skills (Bircan & Caligici, 2022; Mékela et al., 2022). When this situation is considered on the basis of the curriculum,
which is the only factor affecting educational policies, the use of the term model with a holistic approach instead
of limited expressions was preferred in the current study on the grounds that it is more inclusive.

Ozcan and Koca (2019) and Zascerinska et al. (2023) emphasized the importance of comparative education
studies since the differences reflected in the STEM education practices of each country cause variability in the out-
comes obtained. As a result of the literature review, various studies comparing the curricula of various countries in
the context of STEM were found. Han and Buchmann (2016) examined students’science achievement and expecta-
tions of focusing on STEM in the future through the analysis of International Student Assessment Program data,
and Rezaei et al. (2022) conducted comparative research on the integrated STEM curriculum in Finland, Singapore
and the United States. In addition, in another study conducted by Dostal (2023), six criteria were identified within
the scope of technology and engineering dimensions of STEM, and a comparative analysis of national curriculain
the Czech Repubilic, Slovakia and Poland was conducted based on curriculum development studies in the Czech
Republic. The examination of STEM with its limited dimensions in the examined research reveals the need for stan-
dardization in comparative analysis studies. Based on this determination, the need to create a list of standardized,
valid and reliable criteria in international comparison studies constitutes the main focus of this research.

Examining the way the STEM model is handled in curricula at all levels with standardized criteria provides
the opportunity to provide measurable, observable, concrete and efficient suggestions forimproving educational
practices in this context. Rubrics are a preferred tool in contemporary assessment and evaluation approaches be-
cause of their emphasis on the process and their ability to determine levels, instead of evaluation forms where the
correct result is sought with definite judgements (Andrade, 2005; Panadero & Jonsson, 2020). Cepni (2015) stated
that there are many rubric development studies in the literature related to the STEM model in science education.
According to their scope, studies aiming to evaluate pre-service teachers’activities (Marshall & Harron, 2018; Bas,
2023; Sungur Giil & Saylan Kirmiziguil, 2023) and studies aimed at teachers’evaluation of student activities (Cirkony
& Kenny, 2022; Yakob et al., 2021) are the majority. Although there are studies in which document review method
was adopted for the evaluation of programs in the context of education (Bahar et al., 2018; Li et al., 2022), limited
studies were found in which program evaluation was carried out within the rubric in accordance with the scope
determined by the researchers (Gelmez Burakgazi & Karsantik, 2023; Huang & Yong, 2020) and limited studies on
the evaluation of official documents that represent the STEM policies of states in science education with rubrics
(Estévez-Mauriz & Baelo, 2021). As a result of the literature review, it is thought that the development of a valid
and reliable rubric through standardized criteria will contribute to the field in terms of both self-evaluation of
the STEAM model in science education within the scope of educational policies and objectivity in cross-country
comparison. Approaches from a humanistic perspective and sharing the expansions of a model puts them at the
center. In this research, beyond the association of the concept pointing to dimension A with pure art education,
the reasons for using the STEAM model include sharing the expansions of a model that focuses on progressive
philosophy (Keskin & Sahin, 2018; Quigley et al., 2017), which has a student-centered education approach at its
core, and reconstructionist educational philosophy (Bati et al., 2018; Coskun & Taneri, 2021). Researchers identified
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seven key dimensions that are expected to be developed through the STEAM model in this study. The aim was
to develop a valid and reliable holistic rubric for in-depth analysis of educational policies, which includes criteria
appropriate to the identified dimensions. For this purpose, the research conducted by Estévez-Mauriz and Baelo
(2021), which is similar to the current study, evaluated the institutional structure without the aim of evaluating
the performance of individuals in order to evaluate the programs of STEM centers in Spain and to improve qual-
ity. The rubric planned to be developed by the researchers within the scope of the current study is not specific to
a particular country but differs in its capacity to provide more general and global results with the opportunity to
see the place of the STEAM model in the comparative science education policies of different countries. Research
studies handling the creation process of a criterion list for assessing STEM education, the effectiveness of interdis-
ciplinary project-based learning in science degree programs, socio-scientific issues of the STEAM approach, and
STEAM teachers’ grading practices (Deluca et al. 2024; Hart, 2019; Mang et al. 2023; Wang, 2014).

This research isimportant in terms of defining the STEAM concept as a model in terms of different sub-variables,
starting with the Turkish and Finnish context, and providing researchers with criteria that provide in-depth and
objective insights in both national and intercultural education policy analysis in the perspective of the specific
goals of countries’ distant, general, disciplinary curricula.

Research Problem

Throughout the importance of providing a criterion-based standardized tool for both defining the term STEAM
and its global implications in science education, the question of this research study is how to design a valid and
reliable holistic rubric that can be used to evaluate the STEAM model in science programs of different countries.
STEAM is an interdisciplinary term and approach which is defined, interpreted and implied in a different manner
by different countries that is why, to create a standardized tool for comprehending the meaning of STEAM and
accreditation of global science programs related to STEAM implications. Researchers analyzed contemporary
literature under the STEAM model characteristics and their reflections to K12 science curricula throughout this
research problem.

Research Focus

In the focus of the research question, it was aimed to develop a valid and reliable holistic rubric that can be
used as a list of criteria in national and global science education policy development studies by investigating which
dimensions of the STEAM model will be evaluated in the science curricula of different countries.

Research Aim and Research Questions

The purpose of this study is to develop a reliable and valid holistic rubric that can be used as a criterion for
evaluating the STEAM model in the contexts of general objectives, vision, mission, standards, content structur-
ing, learning-teaching processes and assessment aspects in science programs of different countries. The research
questions of the study are stated below:

1. Did the rubric adequately measure STEAM model aspects of science curricula?
2. Could different raters utilize the rubrics to have consistency scores?

Research Methodology
General Background

The purpose of using holistic rubrics is stated as an assessment based on level determination (Kilgour et al.
2020). For Fraenkel et al. (2013), reliability, which is one of the first conditions to be met in scientific research, means
that the measurement is free from random errors. Kutlu et al. (2023), on the other hand, addressed the concept of
reliability in terms of rubrics and emphasized consistency by pointing out that scoring should not vary from person
to person. The design of this study is structured as a descriptive study. In descriptive research, in which a situation
is generally illuminated, evaluations are made within the framework of certain standards and the relationships
between events are revealed, the main purpose is to define and explain the situation to be examined (Cepni, 2021).
In other words, descriptive research is aimed at determining what is what, understanding the situation or event,
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and has the feature of providing insights into the creation of hypotheses for new research (Marshall & Jonker,
2010). In accordance with the research design, document analysis was carried out because the raters were asked
to score on a certain document through the developed rubric. Document analysis is a qualitative method that
involves the analysis of written documents containing information about the phenomenon or phenomena related
to the research (Bogdan & Biklen, 2007; Yildirim & Simsek, 2018). Karasar (2013) has pointed out that in a successful
document analysis, the rate of deviation between what is intended to be explained in the document and what
the researcher understands should be reduced. According to Cepni (2021), syntheses made through document
analysis have the quality of classifying the documents targeted to be examined within the scope of the research
within certain characteristics in the field.

Study Group

While determining the study group in the research, the criterion sampling technique of purposeful sampling,
one of the sampling methods of qualitative research, was used. In the criterion sampling technique, all situa-
tions that meet a set of predetermined criteria are investigated. During this research, the criteria or criteria can
be prepared by the researcher, or a list of criteria can be used (Patton, 2005). Within the scope of this study, the
researchers examined the 2018 Turkish Science Curriculum and the Finnish Science Curriculum and prepared a
list of criteria. Objectives, domain-specific skills, science, engineering and entrepreneurship practices, teaching
methods, techniques and strategies adopted in the curriculum, outcomes, assessment and evaluation strategies
in the two programs were examined in the context of STEAM during the preparation process of rubrics. The study
group of the research consists of the Science Curricula in Turkey and Finland. The 2018 version of the Turkish Sci-
ence Curriculum is used at all levels of education. The vision of the program is based on a research-inquiry-based
teaching approach, and the concept-based learning areas are Living Things and Life, Physical Phenomena, Matter
and Change, Earth and the Universe, and the skill-based learning areas are Science Process Skills, Science Technol-
ogy, Society Environment Relations, Scientific Attitudes and Values, Science Technology Mathematics and Engi-
neering. STEM learning area was first included in the Science Curriculum in 2018. The Science Curriculum will be
revised in 2024 and will be implemented in fifth grades in 2024-2025. The Science Curriculum was revised in 2024
and started to be implemented in fifth grades in 2024-2025. Values education was reinterpreted by integrating
it with skills-based learning areas in new science curricula. In the Finnish Science Curriculum, from first to fourth
grade, Environmental and Nature Studies are taught as an integrated subject covering biology, geography, physics,
chemistry and health education. The teaching in this course group focuses on sustainable development. The aim
of teaching is for students to recognize and understand nature and the man-made environment, themselves and
other people, human diversity, health and disease. During the first four years, the main content of the studies in the
field of environmental and nature studies includes the learning areas of organisms and their habitats, the immediate
environment as the habitats of humans, the home region and the world, natural phenomena, substances in our
environment, the individual and health and safety. From fifth to ninth grade, science is taught as a separate subject,
including biology, geography, physics, chemistry and health. In grades 7-9, the core content of biology education
includes nature and ecosystems, life and evolution, human beings, common environment; the core content of
physics education includes motion and force, vibrations and wave motion, heat, electricity, natural structures; the
core content of chemistry education includes air and water, raw materials and products, living nature and society;
the core content of health education is structured under the learning areas of growth and development, healthy
choices in daily life, resources and coping skills, health, society and culture.

Instrument and Procedures

As aresult of the literature review, the scales developed by Cevik and Ata (2019), Chen and Ding (2023) for the
STEAM model were examined, the STEAM visions and standards of the countries and the structure based on the
goal, content, learning-teaching and measurement-evaluation dimensions of science education programs were
examined, and themes and sub-dimensions under the themes were created with the content analysis technique.
According to the results of the examinations, standardized criteria in the holistic rubric consisting of five stages
were determined according to the level of meeting the standards related to each of the seven themes determined
as distant goals (vision, mission, project and strategy plans), specific goals (achievements and standards), the rela-
tionship between achievements and values, ethics and attitudes in the STEAM model; in the content dimension,
the skills and sub-dimensions related to/developed by the STEAM model; STEAM in the learning-teaching process
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and in the measurement-evaluation process. Within the scope of the determined criteria and the pilot application
of the holistic rubric developed, a content consisting of the STEM Learning Area outcomes given as a separate
learning area in the 2018 Science Curriculum was shared with the raters, and they were asked to score. The holistic
rubric developed by the researchers within the scope of the research is given in Appendix-1.

Data Analysis

The analysis of the data obtained through document analysis within the scope of this research was carried out
with the content analysis technique. Content analysis aims to reach the concepts and relationships that explain the
data obtained (Cepni, 2021). In the research process, the STEAM Model holistic rubric created by the researchers
was coded by four faculty members and four science teachers who are experts in the fields of science education
and measurement and evaluation based on the 2018 Science Curriculum and the Finnish Science Curriculum. This
coding process allows for checking rater reliability as well as clarifying definitions. By discussing the difficulties
encountered during coding, definitions can be expanded, changed or made clearer (Miles et al., 2023). In order
to check the reliability of the experts’ coding, the formula “Reliability=Agreement/(Agreement+Disagreement)”
proposed by Miles and Huberman (1994) was used.

The experts were asked to evaluate the Science Curriculum being implemented in Turkey (MEB, 2018) using
the holistic rubric and to report their opinions about the rubric. The demographic characteristics of the scoring
academics and teachers are given in Table 1.

Table 1
Rater Demographic Information on Turkish Science Curriculum According to STEAM Model

Demographl_cal Graded degree and field Seniority Institution type Official title Worked city
characteristics year
Exp 1.1 M.S-Science Education 8 MEB-Science and Art Teacher Diyarbakir
Center
Exp1.2 PhD-Science Education 16 MEB-Science and Art Teacher Ankara
Center
Exp 1.3 PhD-Measurement and Evaluation 22 YOK-Academic staff Assolg.rProf. Ankara
Exp 1.4 M.S-Science Education 8 MEB-Public school Teacher Diyarbakir
Exp 1.5 M.S-Science Education 3 MEB-Art and Science Teacher Ankara
Center
Exp 1.6 PhD-Measurement and Evaluation 21 MEB-Research and Expert Ankara
Development Center
Exp 1.7 PhD-Science Education 16 YOK-Academic staff Assolg.rProf. Kastamonu
. . - . Assoc. Prof.
Exp 1.8 PhD-Science Education 15 YOK-Academic staff Dr Van

As seeninTable 1, it is seen that the three academics who made the ratings within the scope of the research,
with seniority years of 15, 16 and 22, are faculty members working in universities affiliated to the Council of Higher
Education (YOK) in Kastamonu, Ankara and Van provinces. Two of the academics with the title of associate professor
have a doctorate degree in Science Education, and one has a doctorate degree in Measurement and Evaluation.
The science teachers who made the ratings were working in Diyarbakir and Ankara, and two of them were working
at the Science and Art Center affiliated to the Ministry of National Education (MEB). Three of the raters working as
teachers have master’s degrees, and one has a doctorate degree in Science Education. The seniority of the teach-
ers varied from a minimum of three years to a maximum of 16 years. It is stated in the table that an expert with 21
years of seniority among the raters has a doctorate degree in Measurement and Evaluation and works at the MEB
Research and Development Center. The reason for the selection of expert teachers among the implementers of
the Turkish program is that they are the implementers of the program themselves and can realistically evaluate
the competencies in the program and the aspects that need to be improved.

24

https://doi.org/10.33225/jbse/24.23.19



Journal of Baltic Science Education, Vol. 24, No. 1, 2025

STEAM MODEL BASED CRITERIA DEVELOPMENT IN NATIONAL AND GLOBAL SCIENCE ISSN 1648-3898 /print/
EDUCATION POLITICS

(PP. 19-36) |SSN 2538—7] 38 /Online/
Table 2

Rater Demographic Information on Finland Science Curriculum According to STEAM Model

Demographl_cal Graded degree and field Seniority Institution type Official title Worked city
characteristics year
Exp 2.1 PhD-Science Education/Curricu- 22 YOK-Academic staff Assoc. Prof. Dr. Ankara
lum and Instruction
Exp 2.2 M.S-Science Education 3 YOK-Academic staff Ress. Ass. Balikesir
Exp 2.3 PhD-Science Education 19 YOK-Academic staff Assoc. Prof. Dr. Ankara
Exp 2.4 PhD-Science Education 12 YOK-Academic staff Assoc. Prof. Dr. Kastamonu
Exp 2.5 PhD-Science Education 12 YOK-Academic staff Assoc. Prof. Dr. Van
Exp 2.6 PhD-Science Education 14 MEB-Public school Teacher Ankara
Exp 2.7 PhD-Science Education 12 MEB-Public school Teacher Ankara
Exp 2.8 PhD-Science Education 13 MEB-Public school Teacher Ankara

As seeninTable 2, it is seen that the 5 academics who made the ratings within the scope of the research, with
aminimum of 3 and a maximum of 22 years of seniority, are faculty members and lecturers working in universities
affiliated to the YOK in Kastamonu, Ankara, Van and Balikesir provinces. Four of the academics with the title of associ-
ate professor have a doctorate degree in Science Education, and one of them has a doctorate degree in Curriculum
and Instruction. One of the scoring research assistants is working in Balikesir province. The reason why research
academics and teachers have PhD were mainly chosen to score the Finnish science curriculum is that they have
conducted research on Finnish science education, literacy and are qualified to evaluate the country’s curriculum.

Validity, Reliability and Ethics

The draft holistic rubric designed by the researchers was first presented to the expert opinion in order to ensure
the validity and reliability conditions. Semi-structured interviews were conducted by sending a form to three faculty
members who are experts in the field of Measurement and Evaluation working in two different state universities in
Turkey and two faculty members who are experts in the field of STEAM model in science education working in two
different state universities in order to examine the draft rubric. As a result of the opinions received from five experts,
it was stated as a common opinion that the rubric was in accordance with the theoretical framework. The rubric
was finalized after some changes were made in accordance with the opinions (renaming the themes of content
and measurement-evaluation and expressing the criteria for the objectives in a more functional and understand-
able way). In this way, the content validity of the research was ensured. Content validity is the extent to which the
measurement tool represents the whole (universe) of the content targeted to be measured (Biyukoztirk et al.,
2018). The current Science Curricula on the websites of the Ministries of National Education of Finland and Turkey
were examined in detail, and the content under the headings of vision, mission, philosophy, learning areas, units,
subjects, related skills of the curricula were created and given to the experts together with the rubric developed
by the researchers and asked to score them. Thus, the rater reliability of the study was ensured. In order to ensure
the ethical conditions of the study, the ethics committee exemption permission was obtained from Hacettepe
University Institute of Educational Sciences by the responsible researcher.

Research Results

Using the holistic rubric prepared by the researchers, the Turkish Science Curriculum (MEB, 2018) was scored
by a total of eight researchers, including four science teachers, three faculty members, and one expert, who com-
pleted their doctorates in the departments of measurement and evaluation and science education. The holistic
rubric consists of seven themes: “Distant Goals in STEAM Model; STEAM Model in the Curriculum and Goal-Gain-
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Standard Relationship; Relationship between STEAM Model in the Curriculum and Outcomes, Values, Ethics and
Attitudes; Positioning STEAM Model in the Content Dimension of the Curriculum; Skills and Sub-Dimensions
Related to/Developed by STEAM Model in the Curriculum; STEAM Model in the Learning-Teaching Process of the
Curriculum; STEAM Model in the Measurement-Evaluation Process of the Curriculum”. Using the finalized STEAM
Holistic Rubric, the scoring results of the experts regarding the Turkish Science Curriculum are presented in Table
3 for the seven themes.

Table 3
Scores Given to Turkish Science Curriculum Using STEAM Rubric

Exp Exp Exp Exp Exp Exp Exp Exp

Themes 1.1 1.2 13 14 15 1.6 17 18

Distant Goals in STEAM Model (Vision, Mission, Project and

Strategic Plans) 4 5 4 4 4 4 4 4
STEAM M(_Jdel in the Curriculum and Target-Gain-Standard 5 5 A 5 5 5 g 5
Relationship

The Relationship between the STEAM Model in the Curriculum and 9 1 9 ) 9 2 ) 5
Outcomes, Values, Ethics and Attitudes

F_’osmonlng STEAM Model in the Content Dimension of the Cur- 4 4 4 3 4 4 4 4
riculum

Skills a_nd Sub-Dlmenswns Related to / Developed by the STEAM 4 4 A 4 5 4 4 4
Model in the Curriculum

STEAM Model in the Learning-Teaching Process of the Curriculum 5 4 4 4 4 4 4 4
STEAM Model in the Measurement-Evaluation Process of the 5 4 5 5 5 5 5 5

Curriculum

Through the STEAM Holistic Rubric, the scoring results of the experts for the seven themes of the Finnish
Science Curriculum are given in Table 4.

Table 4
Scores Given to Finnish Science Curriculum Using STEAM Rubric

Exp Exp Exp Exp Exp Exp  Exp Exp

Themes 2.1 22 23 24 25 26 27 28
Dlstant.GoaIs in STEAM Model (Vision, Mission, Project and 5 5 5 5 5 5 5 5
Strategic Plans)
STEAM M(_)del in the Curriculum and Target-Gain-Standard 3 9 3 3 3 3 3 3
Relationship
The Relationship between the STEAM Model in the Curriculum 5 5 5 5 5 5 5 5
and Outcomes, Values, Ethics and Attitudes
F_’osmonmg STEAM Model in the Content Dimension of the Cur- 5 5 5 5 5 5 5 5
riculum
Skills a_nd Sub—Dlmensmns Related to / Developed by the STEAM 3 9 3 3 3 3 3 3
Model in the Curriculum
STEAM Model in the Learning-Teaching Process of the Cur- 5 5 5 5 5 5 5 5
riculum
STEAM Model in the Measurement-Evaluation Process of the 5 5 5 5 5 5 5 5

Curriculum

Table 3 and Table 4 show the scores given by eight experts for the seven themes of the holistic rubric.
The first theme of the holistic rubric is as follows: “The country’s original vision and mission for STEAM model
is defined, the place and importance of the strategic plan in the country’s development is mentioned, the process
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timeline for the realization of this plan is created, the workforce, in-school and out-of-school facilities (design/
production, information materials... etc.) required to realize the steps of the plan are specified, the framework of
in-service trainings related to STEAM is clearly defined in a measurable and observable manner, and cooperation
with non-formal education institutions is expressed. The framework of in-service trainings related to STEAM has
been defined in a clear, measurable and observable way, and cooperation with non-formal education institutions
has been expressed.” While one expert gave four points for the first theme, seven experts gave five points.

The second theme of the holistic rubric, the STEAM model in the curriculum and the dimension of goal-
achievement-standard relationship, is as follows: “STEAM is expressed as a separate learning area, standards and
achievements are first explained in global, general terms and then classified with a national perspective consider-
ing the cultural context, STEAM and related competencies are associated with all units and subjects, and a holistic
connection is established with the disciplines and subfields in which STEAM is integrated.” As a result of the scoring
in the second theme dimension, one expert gave four points, and seven experts gave five points.

In the dimension of the relationship between the STEAM model in the curriculum and outcomes, values, ethics
and attitudes, which was determined as the third theme in the holistic rubric, the item expected to be given five
full points by including all criteria in the scoring was determined as follows; “In each unit, the STEAM model has
elements of developing awareness of intercultural and aesthetic values, inclusive and tolerant behavior, and has
reflections on scientific, global and national attitude values.” It is seen that one expert gave one point, and seven
experts gave two points for this theme.

The fourth theme in the holistic rubric, which is expected to be given five points for the positioning of the
STEAM model in the content dimension of the curriculum, is as follows; “The way the STEAM model is positioned as
content in the curriculum is associated with the content organization approaches (linear, spiral, modular, project-
centered, etc.) on which the curriculum is based, a relationship is established between the level of effectiveness of
the STEAM teaching model use of cognition and affective-based learning areas, and suggestions are presented to
the stakeholders of the program based on the relationship between content and model.” It is among the findings
that one expert gave five points, and seven experts gave four points regarding the related theme.

Within the scope of the fifth theme of the holistic rubric, the item containing the full score criteria for giving
five points in the skills and sub-dimensions related to/developed by the STEAM model in the curriculum is as fol-
lows; “All of the 21 century skills (critical thinking, reflective thinking, creative thinking, information-processing
thinking, design skills, production skills, problem solving skills, scientific process skills, innovative thinking skills,
collaboration skills) related to the STEAM model are included.” It was found that one expert gave five points, and
seven experts gave four points for the specified theme.

As the sixth theme of the holistic rubric, the item containing the full score criteria for giving five points in the
context of the STEAM model in the learning-teaching process of the curriculum is as follows; “The STEAM model
is associated with various strategies, methods and techniques, enriched with various activity designs and differ-
ent types of teaching materials are presented to support the teaching process, instructional design suggestions
that address individual differences (different learning styles, different intelligence areas... etc.) are included in the
instructional design.’ According to the scoring results of the experts for the related theme, it was found that one
expert gave five points, and seven experts gave four points.

Finally, the seventh theme of the holistic rubric, the item containing the full score criteria, which is expected
to be given five points for the STEAM model in the measurement and evaluation process of the curriculum, is as
follows; “In the reflections of the STEAM model, result-based (multiple choice, true-false, fill-in-the-blank, matching,
essay type written exam, oral exam, questionnaire, etc.) in the measurement of knowledge and skills in the reflec-
tions of the STEAM model. “Portfolio assessment, performance assessment, rubric (rubric) use, self-assessment,
peer assessment, group assessment, etc. are all included in the process-based assessment approaches that include
monitoring the student in the education process.” In the scoring for the last theme of the holistic rubric, it was
determined that one expert gave four points, and seven experts gave five points.

When the consistency calculation formula proposed by Miles and Huberman (1994) (Reliability=Consensus/
(Consensus+Disagreement) was applied, the consistency between the raters was found to be 87.5% for the Turkish
curriculum and 97% for the Finnish curriculum in the context of the individual and overall averages of all themes.
Considering that inter-coder agreement should be between 80% and 90% (Miles et al., 2023), the coding is con-
sidered reliable.
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Table 5
Reliability Values Calculated with Kappa Statistics of the Scoring with Rubrics

Number of Scoring Experts The Curriculum for Which Grading is Done Kappa Statistic Value (k)
8 2018 Turkish Science Curriculum .586*
8 Current Finnish Science Curriculum .832*
#p <.001

According to Table 5, the value of the Kappa statistic, which shows the agreement of the scoring of the 2018
Turkish Science curriculum by eight experts with the rubric, was calculated as 0.586, and 0.832 for the scoring of the
Finnish Science curriculum by eight experts with the rubric. According to the percentages of agreement suggested
by Landis and Koch (1977) (< .00, poor; .00-.20, slight; .21- .40, fair; .41- .60, moderate; .61- .80, substantial; .81-1.00,
almost perfect), the Kappa value for Turkish curriculum was .586 for Turkey and moderate among the raters, while
the Kappa value for Finnish Curriculum was calculated as .832 and it was seen that the raters showed a high level
of agreement with each other.

It can be said that the reason for Finland’s higher compliance is that the reflections of the STEAM model in the
science programs are more clearly defined, and the academics who made the scoring had previously conducted
research and investigations on the Finnish science program. The reason for the moderate level of agreement in the
Turkish program is that although the program includes definitions related to the STEAM model, the level of agree-
ment was one level lower compared to Finland due to the differences between the STEAM model competency levels
of the graduate science teachers who scored and the infrastructure of the schools.

Discussion

Within the scope of the research, it was aimed to develop a STEAM model holistic rubric to be used in compara-
tive science education policies. As a result of the document analysis of the standard setting and scale development
studies related to the STEAM model in the literature, the researchers have developed the STEAM model holistic rubric
that includes distant goals (vision, mission, project and strategy plans), objectives (outcomes and standards), the
relationship between outcomes and values, ethics and attitudes, STEAM in the content dimension, The standard-
ized criteria in the holistic rubric consisting of five stages were determined according to the level of meeting the
standards related to each of the seven themes determined as STEAM related/developed skills and sub-dimensions,
STEAM in the learning-teaching process, STEAM in the measurement-assessment process (Aranda et al., 2020; At-
man et al.,, 2007; Bas, 2023; Cirkony & Kenny, 2022; Crismond & Adams, 2012; Gelmez Burakgazi & Karsantik, 2023;
Sungur GUl & Saylan Kirmizigil, 2023; Marshall & Harron, 2018; Moore et al., 2014; Yakob et al., 2021). In the first
stage, the holistic rubric obtained was evaluated in terms of language-narrative, operational definition, standard-
ized comprehensibility by everyone, compatibility with the items to be compared by taking expert opinions and
the final version of the rubric was given by making arrangements in the themes and sub-dimensions of the rubric.
In order to ensure the rater reliability of the finalized tool, four academicians and four science teachers with exper-
tise in the fields of science education, STEAM and measurement and evaluation were asked to score based on the
science education standards in Turkey and the 2018 Science Curriculum. According to Miles and Huberman (1994),
the inter-rater reliability coefficients of the Turkish and Finnish science curricula were found to be highly consistent.
When the results of the Fleiss Kappa statistic, which is a second alternative preferred in cases where there are more
than 2 raters in the calculation of inter-rater reliability, were examined, the kappa values of 0.586 for Turkey and
0.832for Finland were reached. These values indicate a moderate level of agreement for the Turkish science program
and a high level of agreement for the Finnish science program (Landis & Koch, 1977). In terms of both statistics, the
STEAM model rubric indicates that it is a valid and reliable list of criteria that examines the reflections of the STEAM
model in science programs within the scope of national and global science policy development studies. In line with
these results, the fact that the Fleiss Kappa rater reliability coefficient of the Turkish program is at a moderate level
can be explained in the perspective of certain reasons. In the 2018 Turkish science program, STEAM is included as
a separate learning area, but the principles for implementation in the dimensions of objectives, content, learning-
teaching process and measurement-evaluation are not sufficiently included. For this reason, the raters were able to
make determinations about the existence of the STEAM model based on the acquisition sentences in the program.
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The reason for the higher inter-rater agreement coefficient for the Finnish program is that there are more concrete
and operational expressions in terms of the sub-elements of the STEAM model. In addition, the sub-dimensions of
the STEAM model were defined in detail in the vision and mission of the Finnish science program.

When the national and global literature on the concept of STEM in science education is examined, it is found
that there are certain disagreements in the phenomenological sense. For example, the American school of science
education approaches STEM from a more populist and materialist perspective and associates the concept directly
with the design of activities and tools. In this context, the STEM model becomes a tool of the learning-teaching
platform where direct behavioral acquisitions are developed mechanically rather than learners gaining experiences
by doing and living. On the other hand, in Far Eastern countries such as Japan, South Korea, Singapore and some
European countries such as Finland, Sweden and Germany, it is seen that the concept of STEM is more visionary by
adding the “A” (Art) dimension to the concept of STEM, deepened by associating the processual development of
the skills that form the basis for the solution of the problems that people face in their daily lives with educational
philosophy approaches, and interdisciplinary program development projects are included with the aim of integrat-
ing with different disciplines from seven to seventy (Dostal, 2023; European Schoolnet, 2017; European Schoolnet,
2023; Martinez Ortiz et al., 2018; Rezaei et al., 2022). Dimension A of STEAM was important for researchers in creat-
ing the STEM culture of countries in terms of humanistic and progressive educational approaches in this context.

This research aimed to construct a standardized thematic graded scoring key for assessing different science
education curricula in terms of STEAM model characteristics. Similarly, Amelia et al. (2024) focus on the process of
developing and validating a systematic measurement tool to assess pre-service teachers’ ability to design experi-
ments related to the STEAM model. They made important contributions to the field of science education from both
theoretical and practical perspectives.

Arslan and Arastaman (2021), in a comparative study examining the STEM policies of various countries with
developed economies, pointed out that STEM has an important place in the management of the human resources
that countries raise. At this point, it is important to understand the depth of the concept of STEM and especially
STEAM in a global perspective and to express its phenomenological definition in a workable manner in line with
observable and measurable standards. Although there are STEM curriculum development studies (Kocaman, 2021;
Sacan, 2018) that have achieved effective results for certain grade levels in the literature, the applicability of official
curricula as a reflection of educational policies and the accessibility of their content holistically at all grade levels
where science education is given and in the whole country remains limited. Within the scope of this research, the
concept of STEAM was examined in the perspective of the teaching model used in science education and a holistic
rubric was developed that allows for a gradual and in-depth examination of the components of the model in line with
the vision, mission, educational philosophy approaches on which the model is based, and the four main elements
of the curriculum: objectives, content, learning-teaching, and measurement-assessment. Although the purpose of
this study is similar to Estévez-Mauriz and Baelo's (2021) research on the design of a rubric for the evaluation of the
programs of STEM centers in Spain, it differs from the evaluation of the official Science Curricula of countries globally
without being specific to a specific institution, standardized based on the conceptual and theoretical framework,
and the evaluation tool developed in this research in terms of providing the opportunity to make comparisons
between countries. Supported this finding, Pérez Torres et al. (2024) examined how project-based learning (PBL)
contributes to the development of 21st century skills in students, specifically addressing the relationship between
STEM and STEAM pedagogy. The study explores the extent to which STEAM-based instructional designs align with
STEM practices and how these designs support them. Few research studies were identified in accordance with the
criteria development of the STEAM model in science curricula. Those were limited only for one country depending
on one instructional design model. Implications of this study offered valuable insights for generating standardized
criteria related to the STEAM model and its reflections on different countries’ science curricula.

Conclusions and Implications

In order for the STEAM concept to be effectively reflected in educational environments, full integration between
disciplines and skills should be ensured and should be among the general and distant goals of countries. The need
for predetermined valid and reliable criteria in research studies that employ cultural adaptation and intercultural
interaction dimensions in the context of STEAM in program development and evaluation stages reveals the impor-
tance of the research and the developed rubric once again.

Based on the results of this study, the following recommendations were made:
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This research study indicated emphasis on interdisciplinarity in newly developed rubrics. In order for curricula
to integrate the STEAM approach, strategies to increase interdisciplinary collaboration could be designed. In future
research, studies can be conducted on how to strengthen interdisciplinary ties in curricula.

The STEAM model rubric developed in this study is important for showing the assessment procedure of middle
school science curricula. Field studies could be conducted to examine how rubric designs are applied in practice.
Test the effectiveness of rubrics appropriate for different age groups, cultural contexts and educational levels. For
instance, the development of STEAM-focused teacher education programs and the long-term evaluation of their
impact can increase teachers’ competencies in STEAM pedagogy.

This research is valid for investigating and assessing how cultural context plays a role in STEAM practices. This
could be useful for the adaptation of curricula in a national and global context. It is recommended that the rubric,
which can be used in comparative educational policy analysis, should be compared in future studies by examining
the STEAM vision and curriculum reflections of different countries, and that comparative policy analysis and scale
development studies should be carried out that integrate the STEAM concept with transdisciplinary program devel-
opment and evaluation studies in the context of cultural adaptation and transcultural interaction, and investigate
the effects of students living in different cultures on different skill areas.

Developing flexible program development models in line with needs analysis studies that integrate the STEAM
Education Model with different disciplines, especially science and mathematics education, based on the results of
educational policy analysis, and making field adaptations will increase the level of understanding and application
of the concept by the masses.

Qualitative and cross-cultural research determines the perceptions of teachers, students, academics and prac-
titioners about the phenomenological understanding and application of the STEAM model, and learning-teaching
processes will be effective in determining the culture established in this field and raising the level of awareness of
the model.

This research is qualitative and based on a descriptive model. Experimental studies should be conducted to
understand how STEAM rubrics affect student performance. Practical and scale development studies related to the
longitudinal analysis of variables such as different grades, age, gender, discipline, learning style, attitude, motiva-
tion, problem solving, creativity and critical thinking skills etc., related to the STEAM model will provide theories
and practitioners with a vision on how the model should be used.

Rubrics constructed in this study focused on some instructional strategies and educational materials related
to the STEAM model. Future research studies could examine how STEAM rubrics can be applied on digital platforms
and how technology can be integrated into these processes.

The scale development and standardization studies to be carried out for the evaluation of the STEAM model
applications will be a precursor for the international accreditation studies to be organized at different education
levels in the future.

The uniqueness of rubrics development studies is the participation of the students in the grading process. The
impact of rubrics on students could be evaluated by examining student feedback and their level of participation in
STEAM projects for further research studies.

Determining the STEAM cultures of countries at the macro level and of universities, primary and secondary
schools at the micro level with valid and reliable measurement tools that provide in-depth operational information
will contribute to the development of national and international science education policies of countries.
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Appendix-1

STEAM MODEL HOLISTIC RUBRIC IN COMPARATIVE SCIENCE EDUCATION POLICIES

Below is a holistic rubric for the STEM/STEAM model vision and policies in the education systems of countries.
In this context, there are seven themes in the rubric, namely distant goals in STEAM education (vision, mission,
project and strategy plans), Goal (outcomes and standards), Relationship between outcomes and values, ethics and
attitudes, STEAM in the content dimension, Skills related to/developed by STEAM and its sub-dimensions, STEAM in
the learning-teaching process, STEM/STEAM in the measurement-assessment process, and each theme consists of
five stages according to the level of meeting the standards it is related to. Comparative education reports, especially
the curricula of the countries, comparative education reports, and documents obtained from ministry websites,
will be subjected to document analysis and will be examined comparatively in line with the standardized criteria
in the holistic rubric.

DISTANT GOALS IN STEAM MODEL (VISION, MISSION, PROJECT AND STRATEGIC PLANS)

5 Countries’ specific future visions and missions for STEM and STEAM education are defined, the place and
importance of strategy plans in the development of the country are mentioned, an action plan for the real-
ization of strategy plans is created, the workforce, in-school and out-of-school facilities (design/production,
information materials... etc.) required to realize the steps of this plan, the framework of in-service trainings on
STEAM are clearly and clearly defined, and cooperation with non-formal education institutions is expressed.

4 Countries’ specific future visions and missions for STEAM education are defined, the place and importance
of strategy plans in the development of the country are mentioned, an action plan for the realization of
strategy plans is created, the workforce, in-school and out-of-school facilities (design/production, informa-
tion materials... etc.) required to realize the steps of this plan, but the framework of in-service trainings on
STEAM is not specified and/or cooperation with non-formal education institutions is not established.

3 Countries'unique future visions and missions for STEAM education were defined, the place and importance
of strategy plans in the development of the country were mentioned, but the action plan for the realization
of the strategy plans and the content for implementation were not specified.

2 Countries have defined their own future visions and missions for STEAM education, but the importance of
the realization of the strategy plans in the development of the country is not mentioned.

1 Countries do not have their own future visions, missions and strategic plans for STEAM education.

TARGET-GAIN-STANDARDS

5 In the curriculum, STEAM is expressed as a separate learning area, achievements and standards are designed

ina national and global context, STEAM and related competencies are associated with all units and subjects,
and a holistic connection is established with the disciplines and sub-fields in which STEAM is integrated.

4 STEAM is expressed as a separate learning area, but the outcomes are not categorized in national and global
dimensions.

3 STEAM is expressed as a separate learning area, but there are no learning outcome statements related to
the STEM model.

2 STEAM is not a separate learning area in the curriculum, but it is holistically linked to the disciplines and
sub-fields in which STEAM is integrated.

1 There is no STEAM orientation in the curriculum.

THE RELATIONSHIP BETWEEN ATTAINMENT AND VALUES, ETHICS AND ATTITUDES

5 In the STEAM learning areas in each unit in the curriculum, there are elements of developing awareness

of intercultural and aesthetic values, inclusive and tolerant behavior, and scientific, global and national
attitudes are reflected in values.

4 The curriculumincludes developing awareness of intercultural and aesthetic values in STEAM learning areas
in each unit and reflects scientific, global and national attitudes on values, but there is no clear definition
of inclusive and tolerant behavior elements.
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In the curriculum, there are reflections on scientific, global and national attitudes and values in STEAM
learning areas in each unit, but there is no clear definition of developing awareness of intercultural and
aesthetic values and inclusive and tolerant behavior elements.

In the curriculum, the reflection of STEAM learning areas on scientific, global and national attitudinal values
in each unit is implicit (informal learning environment, performance activities, etc.), but there is no explicit
definition of developing awareness of intercultural and aesthetic values and inclusive and tolerant behavior
elements.

STEAM fields have no reflection on the elements of inclusive and tolerant behavior and developing aware-
ness of scientific, global and national attitudinal values, intercultural and aesthetic values.

STEM/STEAM IN CONTENT DIMENSION

5

The content organization approaches (linear, spiral, modular, project-centered, etc.) on which the program
is based were associated with the STEAM teaching model, a relationship was established between the level
of effectiveness of the STEAM teaching model use of cognition and affective-based learning areas, and sug-
gestions were presented to the stakeholders of the program based on the relationship between content
and model.

The content organization approaches (linear, spiral, modular, project-centered, etc.) on which the program
is based were associated with the STEAM teaching model, and a relationship was established between the
level of effectiveness of the use of STEAM teaching model in cognition and affective-based learning areas,
but no recommendations were presented to the stakeholders of the program based on the relationship
between content and model.

The content organization approaches (linear, spiral, modular, project-centered, etc.) on which the program
is based were associated with the STEAM teaching model, and an implicit relationship was established
between the level of effectiveness of the STEAM teaching model use of cognition and affective-based
learning areas, but no recommendations were presented to the stakeholders of the program based on the
relationship between content and model.

The content organization approaches (linear, spiral, modular, project-centered, etc.) on which the curriculum
is based were implicitly associated with the STEAM teaching model, but there was no implicit relationship
between the level of effectiveness of the STEAM teaching model use of cognition and affective-based
learning areas, and no recommendations were presented to the stakeholders of the program based on the
relationship between content and model.

1

No relationship was established with the STEAM teaching model in the content dimension of the program.

SKILLS AND SUB-DIMENSIONS RELATED TO/DEVELOPED BY STEM/STEAM

5

The curriculum includes all 21st century skills (critical thinking, reflective thinking, creative thinking, com-
putational thinking, design skills, production skills, problem solving skills, scientific process skills, innovative
thinking skills, collaboration skills) related to STEM and STEAM.

In the curriculum, information-process thinking, innovative thinking skills, design skills, production skills,
problem solving skills, critical thinking skills, scientific process skills were included in the 21st century skills
related to STEAM, while creative thinking and collaboration skills were partially included.

In the curriculum, 21st century skills related to STEAM include computational thinking, innovative thinking
skills, design skills, production skills, problem solving skills, critical thinking skills, scientific process skills,
but not creative thinking and collaboration skills.

In the curriculum, 21st century skills related to STEAM include computational thinking, innovative thinking
skills, design skills, production skills, problem solving skills, critical thinking skills, scientific process skills,
but not creative thinking and collaboration skills.

1

The curriculum does not include 21st century skills that STEAM is related to.

STEM/STEAM IN THE LEARNING-TEACHING PROCESS

5

In the Science curriculum, STEAM teaching model is associated with various strategies, methods and tech-
niques, supported with various activity designs and rich teaching materials are presented to support the
teaching process, and instructional design suggestions to address individual differences (different learning
styles, different intelligence areas, etc.) are included in the instructional design.
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In the Science curriculum, the STEAM teaching model was associated with various strategies, methods and
techniques, supported by various activity designs and limited teaching materials were presented to support
the teaching process.

In the Science curriculum, the STEAM teaching model was associated with various strategies, methods and
techniques, supported by various activity designs, and teaching materials to support the teaching process
were not presented.

In the Science curriculum, the STEAM teaching model was partially associated with strategies, methods
and techniques and supported with limited activity designs.

In the Science curriculum, the STEAM teaching model was not associated with strategies, methods and
techniques, teaching materials were not presented to support the teaching process, and it was not sup-
ported by activity designs.

STEM/STEAM IN MEASUREMENT AND EVALUATION PROCESS

5

In the reflections of the STEAM teaching model in the curriculum, “Portfolio assessment, performance as-
sessment, rubric use, self-assessment, peer assessment, group assessment”are all included in the process
measurement and evaluation approaches in the measurement of knowledge and skills.

In the reflections of the STEAM teaching model in the curriculum, portfolio assessment, performance as-
sessment, rubric (rubric use) and self-assessment were included in the measurement of knowledge and
skills, and peer and group assessment were partially included.

In the curriculum, in the reflections of the STEAM teaching model, portfolio assessment, performance assess-
ment, rubric (the use of rubrics) were included in the measurement of knowledge and skills, self-assessment
was partially used, peer and group assessment were not included.

In the curriculum, the importance of the use of process assessment and evaluation approaches in the
measurement of knowledge and skills in the reflections of the STEAM teaching model is implicitly included,
but portfolio assessment, performance assessment, rubric (rubric use), self-assessment, peer and group
assessment are not included.

In the reflections of the STEAM teaching model in the curriculum, “Portfolio assessment, performance as-
sessment, rubric use, self-assessment, peer assessment, group assessment” were not included in all of the
process measurement and evaluation approaches in the measurement of knowledge and skills.
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