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The paper presents a literature review on current barriers and boosters in the context of initial science teacher education for inclusion. The authors argue that current science teacher education programs for prospective teachers could be improved by adopting a more conceptually grounded and sustainable approach toward inclusion. To this end, the paper proposes an approach based on inclusive values and evidence-based practices that would benefit all students. Firstly, the paper identifies several barriers that exist in current science teacher education programs, including the dominance of an add-on approach, separate teacher education tracks, and inadequate preparation for the topic leading to decreasing self-efficacy toward inclusion. Secondly, to overcome these barriers, the paper proposes the integration of evidence-based practices, collaboration, and knowledge-transfer in science teacher education programs. These boosters can equip prospective science teachers with the necessary skills and knowledge for effective inclusive science education. Overall, the paper provides valuable insights and recommendations for improving initial science teacher education programs in the context of inclusion.
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1. Introduction


A young science teacher, named Sarah, has just begun teaching in school. Sarah faces several challenges in her science class. She struggles to create lessons that are accessible to all students. Some students have different learning styles and abilities, and Sarah finds it difficult to cater to all their needs. For example, some students1 struggle with abstract concepts and aspire to hands-on activities to grasp the content. Sarah realizes that she needs to adapt her teaching to accommodate all her students. Sarah is aware that some of her students have additional needs, but she does not know how to support them. She is afraid of not being able to provide the necessary adjustments and changes that could enhance their learning. Sarah feels that she needs to acquire more knowledge and skills in inclusive education, and she feels overwhelmed with the additional burden.
 

In recent years, there has been a growing recognition of the importance of providing high-quality education to prospective teachers (PTs) in the context of inclusive education (IE). Political and academic efforts have been made to improve the quality of teacher education, as reflected in initiatives such as the European Agency’s Teacher Education for Inclusion (TE4I) project, which aims to support the development of inclusive policies and practices in teacher education. Moreover, there has been an intensification of research activities in this area, as evidenced by a recent bibliometric analysis conducted by Cretu and Morandau (2020). The need for high-quality teacher education is also reflected in the fourth goal of the United Nations’ 2030 Agenda. However, despite the efforts being made, many teachers, like the fictional character Sarah, continue to face barriers in teaching when it comes to IE, particularly in subject didactics2 such as science education (Troll et al., 2019). Science education involves more than just learning about scientific facts and concepts; it requires a specialized way of thinking and working that places complex demands on both teachers and students (Stinken-Rösner and Abels, 2021). This results in very specific barriers in teaching science education, some of which particularly connected to “doing science” (Hodson, 2014; Stinken-Rösner and Abels, 2021), that are rarely encountered in other subjects.

The implementation of an inclusive school system at all levels, as mandated by the Convention on the Rights of Persons with Disabilities (2006), has been hindered by various factors, one of which is the existence of multiple concepts and approaches to inclusion and their implementation in the curriculum (Florian, 2021). Consequently, many PTs do not feel adequately prepared for IE. In the field of science education, various studies have identified barriers to the implementation of inclusion in practice (Markic and Bruns, 2013; Menthe and Hoffmann, 2015; Schmitt-Sody et al., 2015; Pawlak and Groß, 2021; Stinken-Rösner and Abels, 2021; Sührig et al., 2021; Stinken-Rösner et al., 2023). For example, Essex et al. (2019) conducted two exploratory studies with prospective science teachers (PSTs) in England that aimed to investigate their understanding of inclusion and the connection between inclusion and teacher education. Their results indicate that traditional notions of ability are still prevalent, with ability-based differentiation being perceived as the primary teaching method for promoting inclusivity. Moreover, PSTs face the challenge of reconciling conflicting and contradictory perspectives on inclusion, diversity, and academic achievement. This highlights the need for a consistent, high-quality science teacher education that provides clear guidance and support for IE practices.

The 3H Framework proposed by Sharma (2018) emphasizes the importance of developing beliefs, knowledge, and skills in teacher education for IE, referred to as the heart, head, and hands of inclusion. Teachers must possess inclusive beliefs as the foundation for the development of knowledge and practical skills required to become effective inclusive educators. Without proper professionalization, teachers may inadvertently perpetuate existing inequalities and limit students’ opportunities to succeed (Jordan and Stanovich, 2003; Jordan et al., 2010). Teachers’ beliefs and practice are hindering or supporting students to fulfill their potential and achieving academic and social goals (Hart et al., 2004). Initial teacher education can help acquire appropriate beliefs and practices for IE (Forlin et al., 2009; Sosu et al., 2010).

Achieving effective and inclusive science education (ISE) requires an interweaving of the perspectives of inclusive pedagogy and science education (Stinken-Rösner et al., 2020). This involves the careful differentiation and elaboration of inclusive pedagogical aspects within science education, which, in turn, places unique demands on science teachers. They must possess both the necessary knowledge and practical skills to combine inclusive pedagogical approaches with science-specific content. However, there are some barriers in teacher education that need to be overcome to achieve this goal. Firstly, there is a lack of agreement on what content should be included in science teacher education and professional development programs for inclusion. Thus, it is crucial to establish a shared and transparent understanding of what ISE should look like to promote the base of best practices. Secondly, there are systemic barriers such as the distinct study programs for regular and special education teachers that make it difficult to combine the aspects of subject-specific knowledge and IE. Therefore, thirdly, combined approaches are rarely integrated into teacher education of prospective teachers. For example, science teacher education only rarely includes competences such as observing and diagnosing learning needs, differentiating or individualizing (Abels and Schütz, 2016; Abels, 2019).

The purpose of this article is to present those barriers in initial science teacher education for inclusion and, based on that, to derive boosters, which are potential strategies and solutions that can contribute to successful initial science teacher education. The article first establishes an understanding of ISE that is located within a broad, reflective understanding of inclusion as a process. The article argues for a feasible teacher education approach that can be easily implemented in practice through evidence-based practice and skills, without being overly simplistic. Building on this, the article identifies potential strategies, content and solutions for initial teacher education programs in ISE. By examining the potentials and barriers identified in initial science teacher education for inclusion research, this article aims to contribute to the ongoing discussion about what constitutes good ISE and how to promote it with proper and adequate teacher education. There is a wealth of knowledge that can contribute to successful initial teacher education in the field of ISE and therefore a synopsis of current research findings and good-practice concepts was done and is presented in this article. Furthermore, this literature review contributes to the understanding of current barriers and boosters in initial science teacher education for inclusion in Germany.



2. Inclusive science education: exploring key terms


2.1. Inclusion as a normatively shaped reflection process

Since the Salamanca statement (UNESCO, 1994) as well as the ratification of the UN Convention on the Rights of Persons with Disabilities (2006), the provision of education for all children in a school within their local community has been recognized as a fundamental human right in most countries worldwide. Consequently, the question of whether IE should be realized has been supplanted by the question of how it can be effectively implemented across all levels (Booth and Ainscow, 2002). This topic is extensively explored in the academic literature, where IE is viewed as an ideology that promotes respect for the right of all students to quality education (Florian and Black-Hawkins, 2011). IE is considered normative in nature due to its grounding in the human rights context and the values and imperatives associated with it. However, there is a broad corpus of literature which shows evidence that IE contributes to quality education and social inclusion for all (Kefallinou et al., 2020). The focus of IE is to increase participation for all students, value all individuals equally, promote equity, anti-discrimination, and respect.

Although these goals form the basis of academic discourse, the discussion around IE is neither uniform nor uncontroversial. Göransson and Nilholm (2014) conducted a literature review that revealed four distinct interpretations of IE: (a) the inclusion of students with disabilities in regular classrooms, (b) addressing the social and academic needs of students with disabilities, (c) catering to the social and academic needs of all students, and (d) fostering the development of inclusive communities. The definitions reflect different perspectives and dimensions of inclusion. While (a) is more commonly used in a legal context (e.g. United Nations, 2006), the other definitions refer to content-oriented goals. (b) reflects the concept of “education for some,” while (c) refers to “education for all” (Leijen et al., 2021). The relation between these two perspectives has been widely discussed in the literature by authors such as Florian (2019) or Leijen et al. (2021). While “education for all” places emphasis on accommodating all students, there is a risk of overlooking the unique needs of certain students (with special educational needs). Conversely, focusing solely on special educational needs (“education for some”) runs the risk of stigmatization and highlighting disability. This delicate balance between categorizing students for individualized support while avoiding stigmatization is a vital consideration. Also, considering only individual aspects is not enough; inclusion also refers to processes of participation in community (UNESCO, 2009), resulting in the need for promoting social learning and community at a school level as incorporated in (d). The discourse on inclusion is therefore very multifaceted and complex. Limiting it to disability is not productive. Therefore, this paper adopts a reflective understanding of inclusion that views inclusion as a normatively shaped reflection process, adapting a value based, “thick” concept (Norwich, 2022) of inclusion:


“Inclusion is seen as a process of addressing and responding to the diversity of needs of all learners through increasing participation in learning, cultures and communities, and reducing exclusion within and from education. It involves changes and modifications in content, approaches, structures and strategies, with a common vision which covers all children of the appropriate age range and a conviction that it is the responsibility of the regular system to educate all children” (UNESCO, 2005, p. 13, original emph).
 

To sum up, inclusion refers to the practice of creating educational environments that are welcoming, accessible, and promotive for all students, regardless of their abilities, backgrounds, or individual learning prerequisites. This involves creating classrooms and school environments that are physically, emotionally, and intellectually accessible to provide students with the necessary support and accommodations they need to succeed. Moreover, inclusion invites to embrace diversity as valuable asset, using everyone’s strengths for personal and collective growth, rather than seeing differences as obstacles (Fränkel and Kiso, 2021). However, current school systems often hinder IE due to conflicting political decisions, resource allocation, and societal demands. However, the focus of this paper is not on systemic barriers that prevent inclusion in practice. Rather, it focusses on the academic dimension of IE. It explores how higher education teaching can be designed to prepare PTs to appropriately develop ISEfor all learners.



2.2. Science education for all as a prerequisite for the development of 21st century skills

“Science for all” refers to the concept of providing equal and inclusive access to science education and opportunities for individuals of all backgrounds and abilities, regardless of race, gender, socio-economic status, or any other factor that may create barriers in teaching and has been highlighted in reform documents for several decades [e.g., American Association for the Advancement of Science (AAAS), 1989, 1993; National Research Council (NRC), 1996].

This objective is becoming even more important considering current global social and economic challenges. To succeed in today’s rapidly changing and technology-driven world, students need to develop a set of abilities and competencies that are deemed as essential: the 21st century skills [Bybee, 1997; Bybee and Fuchs, 2006; Trilling and Fadel, 2009; Organisation for Economic Co-operation and Development (OECD), 2013]. 21st century skills can be clustered in four main domains namely digital age literacy, inventive thinking, effective communication and high productivity (Turiman et al., 2012). Since many of today’s and tomorrow’s issues are related so science and technology, scientific literacy is a key component of digital age literacy and, thus, of 21st century skills (Ananiadou and Claro, 2009; Turiman et al., 2012). Accordingly, scientific literacy is not only important for students who may go on to careers in science, technology, engineering, and mathematics. Scientific literacy is also crucial for those who will be citizens and consumers in a world where science plays an increasingly important role. Consequently, science education needs to address all students, regardless of their background or future career plans, and provide them with multiple opportunities to develop 21st century skills. By fostering these, students are equipped with the tools they need to succeed not just in the science classroom, but also in the workforce and in their personal lives.

The challenge for science teachers and other stakeholders in the field is to understand the diverse needs and characteristics of students and to provide a learner-centered pedagogy that meets those (UNESCO, 1994). Teachers play a crucial role in promoting science education for all: ‘the quality of an education system cannot exceed the quality of its teachers’ (McKinsey Report, 2007 p. 16). Florian and Rouse (2009) state: ‘The task of initial teacher education is to prepare people to enter a profession which accepts individual and collective responsibility for improving the learning and participation of all children’ (p. 596). PSTs thus need to be equipped to teach in inclusive classrooms and diverse learning groups, acquiring knowledge and confidence about ISE in practice (Mumba et al., 2015). To do so, PSTs require support in developing their competencies in science and IE, which is still an area that lacks research and practice (Egger et al., 2020).

The subsequent sections of this paper will delve into the current state of research by analyzing key barriers (Section 3) and offering potential strategies to tackle these in the context of initial teacher education at the university (Section 4).




3. Barriers in initial teacher education programs for inclusive science education


3.1. The add-on approach and subject-specific elaboration

The diversity of students in the classrooms, due to demographic changes and globalization, is becoming increasingly apparent. This diversity in the classroom is reflected, among other things, in students’ language, motivation, interest and prior knowledge, which, in turn, directly influences subject learning. Therefore, initial teacher education programs at universities must prepare PTs by showing them how to adapt their respective subject teaching to diverse groups of students.

To date, however, there is no agreement on how inclusive pedagogical principles should be implemented in initial subject teacher education programs. Most of the existing approaches, such as the add-on or the integrated approach (Bricker, 1995), have been described either by general or special educators and, accordingly, are only partially oriented toward the specifics of science education.

One example, the add-on approach for IE in schools, refers to a method of providing support for students with disabilities or other special needs in regular classrooms. This involves adding on additional services or resources to meet the needs of individual students without fundamentally changing the existing teaching methods. Not only does the add-on approach contradict the broad understanding of inclusion (as outlined in Section 2.1), it also can be difficult for subject teachers, who teach limited hours in various classes and lack the resources to assess individual learning needs and to adapt content and methods accordingly. However, it is what some researchers and lecturers belief should be done (see Section 3.3; Essex et al., 2019; Fränkel, 2019).

This article argues for a more feasible approach toward IE at school, adapting and modifying lesson planning rather than adding on to traditional structures. Inclusive subject education should thus not focus on individual students with special needs but rather on teaching and learning subject-specific concepts and practices in ways that are accessible and relevant to all students (see Section 4.1; Florian, 2021).

One approach that meets this normative demand is the universal design approach (Florian and Black-Hawkins, 2011). The authors suggest implementing inclusive pedagogical methods instead of special needs approaches, which prioritize uniform instruction with content differentiation for some students, in classroom practice. Based on the Universal Design for Learning (UDL) (National Center on Universal Design for Learning, 2010), the universal design approach aims to provide students with multiple means of representation, of action and expression as well as of engagement. These multiple means to the respective content allow, in contrast to homogeneous instruction, for natural differentiation (Wittmann, 2010) according to students’ individual learning requirements. Also, it is in line with the understanding of inclusion as defined by the UNESCO in 2005 (see Section 2.1).

Regardless of the approach and underlying understanding of inclusion, PSTs face the challenge of applying it to their own subject. Since most approaches arise from general or special education, they do not adequately consider the specifics of individual subjects. For example, science education is characterized by four central aspects: reasoning about scientific issues, learning scientific content, doing science, and learning about science (Hodson, 2014; Stinken-Rösner et al., 2020) which incorporate the concept of scientific literacy (see Section 2.2; Ananiadou and Claro, 2009; Roberts and Bybee, 2014). It is imperative to adapt existing inclusive pedagogical principles to these science-specific goals. Next to the establishment of an evidence-based, shared, and/or transparent understanding of what ISE should look like in practice, the topic itself needs to be anchored in the science-didactic components of initial science teacher education programs. Although there are already first considerations as to how this could be (legally) implemented, there is not yet a uniform procedure, let alone common content.



3.2. Separate education tracks for prospective science and special education teachers

Three models of inclusion-oriented teacher education programs have been identified by Stayton and McCollum (2002). The Infusion Model integrates inclusion-related elements into subject (e. g. science) teacher education programs through individual courses, without fundamentally challenging the basic structure that separates subject and special education teacher education. The Collaborative Training Model involves joint training on inclusion-related issues for prospective subject and special education teachers, with only partial supplementation of specific special education content. The Unification Model eliminates the separation between subject and special education PTs, making inclusion-related content an essential component of a common curriculum for all PTs.

Several countries, including Germany, the United Kingdom, and the United States, offer teacher education programs falling under the Infusion Model category (European Agency for Development in Special Needs Education, 2012; Allday et al., 2013). Such programs may offer standalone courses on inclusion, rather than integrated components in the curriculum. Even in countries with fewer types of teacher education programs, specialized courses are usually available for those pursuing higher education in specific areas, such as special education needs (Florian, 2021). This approach reinforces the belief that different teacher education programs are necessary for different groups of students, resulting in a fragmented approach toward diversity (Winn and Blanton, 2005).

Fragmented approaches to teacher education can lead to subject teachers feeling that they are only responsible for “regular students” and special education teachers only responsible for “students in need of support” due to their specialist qualification (Florian and Rouse, 2009). This can leave teachers feeling unprepared to teach a diverse student population (Young, 2008). The UNESCO International Conference on Education (ICE) report “Inclusive Education: The way of the future” (2009) supports the idea that separate study programs for prospective subject and special education teachers are not effective. Rather than pursuing a narrow specialization early on, it is advantageous for all PTs to cultivate general education skills and gain multiple experiences. Therefore, many researchers argue that effective preparation for IE at school can only be achieved through curricular offerings that are developed interdisciplinary and responsibly, as seen in the Collaborative Training Model and the Unification Model (Pugach et al., 2019).

To gain a better understanding of further deficits of the Infusion Model, we will examine the example of university curricula in Germany. First, we will provide some contextual information about inclusive education in Germany. The ratification of the UN Convention on the Rights of Persons with Disabilities in 2009 is the most crucial legal framework in Germany. Since then, the inclusion rate (students with special educational support needs at regular schools) has been consistently increasing, while the exclusion rate is decreasing at a slower pace (Scheer and Melzer, 2020). This suggests that the increasing inclusion rate of students with special educational support needs in regular schools in Germany is not due to more students returning from special needs schools to regular schools, but rather due to a higher labeling of students with special needs in regular schools. Furthermore, the German Institute for Human Rights (2022) criticizes Germany’s inadequate fulfillment of its legal obligation to implement an inclusive education system. A significant challenge in Germany is the federal system and the absence of a nationwide overarching strategy for inclusive education implementation. Consequently, there are no uniform concepts within the federal states, and the implementation of inclusion remains fragmented, even in a broader understanding of inclusion. Germany is an immigrant country, but the link between qualifications and origin poses a problem, leading to the need for Germany to adjust its policies on educational equity (Autorengruppe Bildungsberichterstattung, 2020). Fortunately, the federal government offers funding programs such as the current program “Integration through Education” by the Federal Ministry of Education and Research (2023).

In terms of science education, the challenge in Germany is that it is typically structured and implemented through the subjects of biology, chemistry, and physics. Cross-curricular education, as defined by the science subject, is more of an exception than a rule. Consequently, university-trained teachers specialize in individual subjects rather than interdisciplinary science education. Moreover, the fact that science subjects are considered minor subjects in Germany exacerbates the lack of (special educational) resources in the German education system, which already faces the challenge of a massive teacher shortage. Finally, multiprofessional cooperation in schools is particularly rare in minor subjects in Germany due to these and other factors (Fränkel et al., 2020).

IE implementation in German university curricula is still in its early stages (Frohn and Moser, 2021). In 2015, a joint effort between the German Rectors’ Conference (GRC) and the Standing Conference of the Ministers of Education and Cultural Affairs of the Länder in the Federal Republic of Germany (CMC) resulted in the issuance of recommendations for the integration of inclusion-oriented content within subject-specific didactics modules of initial teacher education programs. These recommendations call for higher education institutions (HEIs) to implement an inclusive overall concept through additive and integrated concepts in the next ten years (CMC and GRC, 2015). Parallel to this, changes have been made within laws. For instance, the School Act of the state North Rhine Westphalia mandates at least 5 ECTs for inclusion-oriented issues in subject-education modules (LZV, 2016: § 1, para. 2, sentence 2). However, the legal framework varies from state to state and is described as a “patchwork” (Frohn and Moser, 2021). Universities are thus legally required to offer suitable study programs.

Despite efforts by education policymakers to anchor inclusion in initial teacher education, there remains a lack of comprehensive data on its implementation (Laubner and Lindmeier, 2017). The Monitor Lehrerbildung (2015) conducted a survey of higher education institutions (HEIs) in Germany, revealing that less than half of the HEIs offered compulsory courses or modules on inclusion, with almost a third having plans to implement such courses in the future, mainly in the field of educational sciences and less in subject didactics or subject sciences. Current data shows that courses on inclusion are offered on a small scale, usually less than 10 ECTs (Frohn and Moser, 2021). The interim assessment by GRC and CMC (2020) is primarily anecdotal and lacks a systematic analysis of the implementation process (Frohn and Moser, 2021). Furthermore, the methodology used (self-reporting by university locations) has been criticized for potentially leading to the “re-declaration” of existing courses and content from special needs education as inclusive without reframing or modifying courses (Merz-Atalik, 2017; Frohn and Moser, 2021).

Slee (2007) argues that this approach may not be enough to address broader inclusive pedagogical and curriculum principles. He suggests that teachers need to learn and apply a more inclusive approach that considers the needs of all students, not just those with disabilities. This argument is supported by a study in the Western Balkans which found that restricting on children with disabilities as the sole focus of IE could hinder social and educational inclusion (Pantic et al., 2011). To address this issue, projects like the UNESCO Special Needs in the Classroom was introduced (Ainscow, 2004). The project aimed to remove barriers to learning and enhance participation for all, instead of focusing on specific disability categories. However, the project has faced criticism for not having enough knowledge about human differences (see also Section 2.1). Consequently, it is essential to ensure that teacher education programs address the broader principles of IE and offer effective strategies for all students to learn and participate in the classroom without ignoring differences. It is important to stress that simply re-labeling existing courses without fundamentally changing their content or structure leads to maintaining the status quo and thus cementing existing separate structures. This could become one of the greatest barriers for change in initial teacher education.

Linking subject-specific aspects and inclusive aspects is necessary to meet the needs of all students in ISE (as discussed in Section 2.2). However, the implementation of inclusion-oriented content in subject didactics, including science education programs, is currently deficient (Frohn and Moser, 2021). In courses where IE is implemented, the focus tends to be on general inclusive aspects such as attitudes and beliefs, rather than on subject-specific content knowledge (Cretu and Morandau, 2020). It is also important to note that, although curricular changes have been made, they may not necessarily translate into what is actually taught by the lecturers since lecturers themselves do not feel prepared to teach IE content (Symeonidou, 2017). This could be attributed to the traditional separate structures in universities, where lecturers are trained as subject specialists and may feel inadequately prepared to teach inclusive aspects in subject didactics (Moser and Kipf, 2015). It is unreasonable to expect lecturers to teach topics for which they have not received adequate education.



3.3. Teachers feel unprepared for inclusion

The barriers to prepare for ISE in initial teacher education, as previously discussed, are significant. These include fragmented, and disability-oriented approaches, which hinder the adequate preparation of PTs for inclusive classrooms. The lack of quality education in ISE has serious implications for PTs, who face the challenge of teaching in inclusive classrooms without adequate preparation. Consequently, because they aren’t adequately prepared, they feel unprepared and not ready for ISE, as indicated by a vast corpus of literature (Cretu and Morandau, 2020).

A recent meta-analysis conducted by Dignath et al. (2022) summarizes the research on the topic throughout the past two decades. The researchers examined teachers’ beliefs about IE and factors that contribute to variation in their beliefs, including the point in their career, training in special versus subject education, and the effects of specific programs and interventions. The review of 102 papers from 40 countries found that, on average, teachers’ cognitive appraisals, emotional appraisals, and self-efficacy toward inclusion were in the mid-range of scales. Self-efficacy beliefs were higher for prospective than for in-service teachers, and teachers with special education training held more positive views about inclusion. Development programs and interventions enhanced teachers’ attitudes, emotions, and confidence in inclusive practices, particularly when teachers gained practical experience in inclusive classrooms (also Lautenbach and Heyder, 2019). The length of the intervention did not affect the outcomes. However, the presented values are solely indicative of the mean and do not capture the full spectrum of attitudes exhibited by distinct PT cohorts. It is important to acknowledge the presence of varying attitude patterns among these groups and to account for them in any intervention measures (Specht et al., 2022).

In the context of science education, research indicate that science teachers generally have neutral to positive attitudes and are willing to adapt their teaching methods to create an inclusive classroom environment (Spektor-Levy and Yifrach, 2019; Stinken-Rösner et al., 2023). Science teachers recognize that natural sciences are an essential component of students’ literacy and citizenship education (Villanueva and Hand, 2011). However, several studies (Mutch-Jones et al., 2012; De Sousa et al., 2018; Spektor-Levy and Yifrach, 2019) suggest that science teachers lack support and guidance in identifying the appropriate pedagogy, methodologies, and technological resources to cater to the needs of all students. As a result, science teachers find it challenging to prepare lessons that are inclusive (Egger and Abels, 2022). They find it especially challenging to make abstract concepts accessible to all students (Buxton et al., 2019) as well as dealing with low interest among students (Potvin and Hasni, 2014).

Furthermore, PSTs may have problematic views on their students and inclusive teaching. Essex et al. (2019) conducted two case studies on inclusive practice in science teacher education programs at two universities in England. While PSTs recognized the value of inclusion as an academic concept, they expressed concerns about its implementation in practice, believing it could limit opportunities for high-achieving students. PSTs held a positive view of inclusion conceptually, but in the classroom, inclusion was primarily associated with low ability and limitations in learning. Most PSTs found differentiating students by ability necessary to meet individual needs, but only a small number recognized the issues of teaching according to perceived abilities. Those who did were studying Physics and Mathematics and had taught the same students in both subjects, leading them to realize that ability is not a fixed property. PSTs’ understanding of inclusion as a teaching approach that allows for a shared experience for all students was limited. Differentiation was seen as a marker of inclusive practice, but there was little discussion on what forms it should take and what is a valid basis for differentiation. Differentiation by outcome was commonly used, assuming a direct link between ability and attainment. Essex and colleagues conclude that it would be beneficial for PSTs to have a more comprehensive understanding of students by observing them in different environments or creating a learning profile with them. A qualitative study by Fränkel (2019) found similar deficit-oriented and limiting ability beliefs as well as practices in in-service biology teachers.

The way teachers view inclusion depends not only on their belief system, but also on their perceived resources, such as prior knowledge, time, or support at their school, especially in subjects like science (Dignath et al., 2022; Egger and Abels, 2022). Teachers have expressed a range of questions and concerns regarding inclusion, including confusion about its purpose and target group, frustration with policy demands that hinder implementation, guilt about potentially failing students and parents, and exhaustion from current conditions (Allan, 2008). One example for the current challenges is sketched in a study by Chiner and Cardona (2013). In this research, the aim was to investigate how inclusion is perceived by teachers in primary and secondary schools in Spain, and whether these perceptions varied depending on the level of teaching experience, skills, and the availability of resources and support. The findings indicate that while the principles of inclusion were accepted, teachers believed that their skills, resources, time, and personal supports were inadequate. The study also found that teachers with more resources and personal support had more positive perceptions than those with fewer supports and resources.

Research suggests that the quality of initial teacher education plays a significant role in the feeling of unpreparedness experienced by PTs. Mintz et al. (2020) conducted a panel study of PTs in the Republic of Ireland to examine changes in their perceptions of inclusion from prospective to novice teacher years. The study found that the transition resulted in a significant decrease in attitude, perceived knowledge, and self-efficacy in relation to inclusion. They argue that teacher education programs should prioritize knowledge of effective strategies to include students with special educational needs in mainstream classrooms in their evaluation and practice. Arnaiz-Sánchez et al. (2023) found that limitations in the acquisition of competencies related to paying attention to diversity, limited relevance of theoretical learning to practical intervention, and a deficit-oriented approach to students’ learning are significant barriers in initial teacher education.

Consequently, the issue at hand is not the concept of inclusion per se, but rather the presence of barriers such as inadequate initial teacher education, lack of resources, and unsupportive structures that impede teachers from effectively implementing ISE. Therefore, it is crucial to break this cycle and provide PTs with the necessary education and support to teach ISE. To address these issues, initial teacher education programs should prioritize knowledge of effective strategies of inclusive teaching and provide practical experience in inclusive classrooms (Delorey et al., 2020; Mintz et al., 2020; Dignath et al., 2022; Nel et al., 2023). It is beneficial for PTs to have a more comprehensive understanding of students by observing them in different environments and reflecting on practical experiences in theoretical coursework (Sharma et al., 2008; Essex et al., 2019). Additionally, teachers need support, resources, and personal support to have more positive perceptions of inclusion.




4. How to boost initial teacher education for inclusive science education

It has become apparent that fundamental changes are needed in initial teacher education to adequately prepare PTs for ISE in school. Three approaches shall be discussed in the following part. This requires firstly more coherent and effective university education to ensure that PSTs feel confident and equipped to meet the needs of all students in an inclusive classroom environment (as will be discussed in Section 4.1). To overcome the specialist knowledge problem, promoting interdisciplinary collaboration could be one solution (see Section 4.2). Another strategy for teacher education would be to share projects and resources in science teacher education for inclusion (see Section 4.3).


4.1. Fundamentals and evidence-based approaches

As a basis for a common ground, Florian (2021) presents a so-called value-based approach for IE in initial teacher education that is founded on three fundamental principles. Firstly, teachers should consider diversity among students as a natural aspect of human development. By acknowledging that students have different backgrounds, experiences, and abilities, teachers can better comprehend varying needs and customize their teaching methods accordingly. Secondly, teachers should perceive difficulties in learning as challenges in teaching, not issues with the student. This means that teachers should reflect on their pedagogical approaches and find ways to support the student’s learning rather than attributing it to their lack of effort or ability. Finally, teachers should actively seek support to cater to individual needs without isolating students or limiting their access to opportunities available to others. By collaborating with other professionals and colleagues, teachers can provide quality education to all students. This approach necessitates teachers to be reflective and collaborative while respecting and valuing diversity among their students. The value-based approach constitutes a foundational component of IE in initial teacher education, as it imparts a fundamental mindset that may inspire and inform action intention and behaviors (Ajzen, 1991). Consequently, it is imperative to incorporate these fundamental principles in teacher education programs.

However, to effectively influence the behavioral level, PTs must also acquire practical skills (see Chapter 3.3). They must be equipped with knowledge about diverse strategies and methodological-didactic approaches that are available to facilitate inclusive teaching in their respective subjects. By providing practical skills for planning IE, all students would benefit. Research has shown that “what is good for pupils with special education needs is good for all pupils” (European Agency for Development in Special Needs Education, 2003, p. 4). To bolster this claim, Florian (2021) underscores how certain practices intended to benefit a particular group can yield unforeseen advantages for other groups as well. As a result, by implementing those strategies and practices in initial teacher education, PTs may experience an increased sense of preparedness and competence in delivering IE (see Section 3.3). Additionally, PTs would recognize that implementing inclusive practices does not represent an additional burden, but rather a modification of their planning and teaching approach. This could contribute to increased acceptance and thus probability of implementation. The evidence-based nature of these strategies would also ensure a high-quality education (Bain et al., 2009). Hence, we now present selected evidence-based practices that have demonstrated their efficacy in the domain of ISE which may be included in initial science teacher education.

Table 1 presents selected evidence-based approaches for promoting ISE in class. A comprehensive overview of the research reveals a vast knowledge base in this field, and many effective approaches that can be seamlessly integrated into school teaching without relying on add-on strategies. Some of these approaches, such as mnemonic strategies and scaffolds for inquiry-based learning, have undergone extensive research, particularly in the context of students with learning difficulties. However, all students can benefit from these approaches. Other approaches, such as UDL or KinU, prioritize the needs of all students, and teaching is planned accordingly.



TABLE 1 Evidence-based approaches in inclusive science education (ISE).
[image: Table1]

It is important to note that the evidence-based approaches presented in the table are not exhaustive, and other aspects, such as promoting engagement in science education, also deserve attention (Hadzigeorgiou and Schulz, 2019). Additionally, effective implementation of these approaches requires a skilled and reflective teacher who acknowledges the diversity of students, identifies barriers in the learning environment, and promotes participation for all students (Stinken-Rösner et al., 2020; Louis and King, 2022). When selecting approaches, teachers should consider individual lesson planning and design. Overall, the presented approaches are intended to provide inspiration and ideas for educators and teachers seeking to deepen their knowledge of ISE.



4.2. Collaboration

Collaboration has been identified as a crucial element within the realm of IE. The notion of collaboration being “the heart of inclusive education” has been posited by Florian (2017), referencing the work of Outi Kyrö-Ämmälä and Suvi Lakkala. Moreover, the significance of collaboration in initial teacher education has been emphasized within the European Agency Profile of Inclusive Teachers project. Working with others is regarded as one of the core values. Corresponding areas of competence underscore the importance of collaboration and teamwork, including working with parents and families and engaging with various educational professionals. As such, fostering collaboration skills during initial teacher education programs is essential in cultivating inclusive practices and beliefs in schools.

Collaborating between PSTs and prospective special education teachers to co-plan lessons can result in synergistic integration of their respective areas of expertise. According to a study by Kahn et al. (2018), PTs often prefer inclusive teaching methods, and working alongside prospective special education teachers can significantly enhance the comfort level of PSTs in co-planning and co-teaching (also Friend et al., 2010; Wang and Fitch, 2010). Moreover, this collaboration can also help prospective special education teachers to broaden their understanding and proficiency in the field of science education. PSTs are well-versed in, for example scientific concepts and inquiry-based teaching, whereas prospective special education teachers specialize in diagnostics and implementing effective interventions for individual students. By pooling their respective areas of expertise, they can collaboratively design a lesson that caters to the needs of all students in an accessible and inclusive manner (Schildknecht et al., 2022).

Therefore, the autonomy-interdependence principle (Morgenroth, 2015) is considered superior to the autonomy-parity pattern (Lortie, 1975) as it values cooperation and interaction while simultaneously promoting the autonomy of individual professional groups. This principle is especially relevant in the inclusive school context where various professionals, including subject teachers, special education teachers, and social workers, work together to address the diverse needs of students. Successful implementation of the autonomy-interdependence principle promotes optimal support for students in class, whereas the autonomy-parity pattern can result in isolated work and insufficient support. Thus, adopting the autonomy-interdependence principle can lead to a collaborative and effective approach to IE, which can benefit all students.

Delorey et al. (2020) found that practicum and collaboration experiences were the most important factors in developing inclusive beliefs in PTs, followed by work and personal experience, and then education. The findings suggest that both professional and personal experiences are critical to the development of teachers’ beliefs, and that teacher education programs play an essential role in this process.

However, the potential of collaboration in teacher education and practice is presently underutilized, as a vast corpus of research on prospective and in-service teacher cooperation practices indicates. For example, a metasynthesis of qualitative research conducted by Scruggs et al. (2007) demonstrate that the most common co-teaching approach observed was “one teach, one assist,” in which one teacher designs the lesson and the other provides individual support. The special education teacher was frequently viewed as playing a secondary role, and the recommended strategies, such as peer mediation, strategy instruction, mnemonics, and training in study skills, self-advocacy skills, and self-monitoring, were seldom observed. Swanson and Bianchini (2015) conducted a qualitative study on the co-planning process of high school science and special education teachers collaborating to create inquiry-based science units. The study finds a lack of parity among the teachers in discussing science and special education topics, and differences in resource-sharing and group roles may contribute to this differential discussion. In conclusion, by promoting collaborative practices between special education PSTs and regular teachers, we can reduce the risk of children with special needs being taught separately and increase their inclusion in mainstream classrooms, creating a more equitable learning environment (Pancsofar and Petroff, 2016).

With regards to PT education, it is imperative to find ways to integrate such courses in university curricula since collaboration is hardly part of initial teacher education (Allday et al., 2013). When collaboration is integrated, the focus is often on the collaboration between subject and special education PTs (Fränkel et al., 2020; Link et al., 2022), without addressing the specific knowledge and expertise of PSTs. There are only a few initial projects that promote collaboration between prospective science and special education teachers in initial teacher education (for an overview, see Section 4.3).

Fränkel et al. (2020) developed a university course for primary science and special education PTs, in which the two groups worked together to plan and teach lessons in an inclusive school during a one-semester internship, having been prepared in advance in a joint course. The lecturers of the course were also from the two different professions and co-taught the course. The project evaluation found that PTs had a positive attitude toward collaboration, and that the joint practice phase expanded their professional vision (Lammerding et al., in press). They also found the co-planning and co-teaching of lessons to be conducive to the PTs as well as the lecturers’ professional development due to co-constructive practices. However, challenges of the pilot project included the inability to embed a double staffing model within university structures. As an implication, universities should seek ways to integrate collaborative courses into the existing university structure or develop curricula further toward inclusion by breaking down the discipline structure (Pugach and Blanton, 2009). Promoting collaboration within the same discipline can also be beneficial for PTs’ professional and personal development. For instance, during practical phases like internships or teaching placements, PTs can work collaboratively toward shared goals, provide constructive feedback and support to each other, and learn from their peers in a supportive environment.

The studies demonstrate that collaboration is a crucial aspect of teachers’ professional development that should be incorporated into initial science teacher education programs. By learning co-teaching practices, exploring roles and responsibilities, and addressing unequal power dynamics, PTs can better prepare for inclusive classroom settings. One way to achieve this is by creating opportunities for PTs to collaborate across disciplines, such as through structured school internships, which provide a platform for co-planning and co-teaching. Moreover, teacher education programs should emphasize the importance of equal partnership and mutual respect between subject and special education PTs. By doing this, teacher education programs can help address hierarchies between professions by encouraging collaboration and shared responsibility.

The promotion of collaboration for inclusion on a more global level requires the overcoming of individualistic ideals. This includes the facilitation of working together at all levels, including PTs and lecturers, through sharing resources, generating innovative ideas, and undertaking inclusive initiatives collectively (e.g. through networks). Additionally, it is imperative that lecturers collaborate interdisciplinary and establish opportunities for PTs to acquire cooperative skills (Chitiyo, 2017). Universities must take responsibility for promoting collaboration at all levels, as opposed to solely expecting it from PTs. Lastly, this includes collaborative behaviors among lecturers as a catalyst for change.



4.3. Good-practice projects and knowledge transfer

As demonstrated in previous chapters, there exists a wealth of knowledge that can contribute to successful initial teacher education in the field of ISE. However, despite the availability of such resources, the transfer of existing knowledge into university courses remains a challenge (Egger et al., 2020). The transfer of knowledge in teacher education is hindered by various factors such as university lecturers’ insufficient knowledge of IE, a missing practical orientation and the need for future-oriented curricula (refer to Section 3.2).

Rather than relying solely on general coursework, specific seminars provide a more comprehensive approach to exploring and reflecting on the content, ideally allowing for practical application as well (Entress, 2022). A structured and recursive approach to teacher education, alternating between coursework and field experiences, is necessary to promote practice-oriented learning opportunities that facilitate practical experience and reflective processes. By incorporating such opportunities, we can work toward a successful transfer of theories that are more closely aligned with classroom practice (Nilholm, 2020). While science teacher education programs may currently not follow systematic and consecutive concepts that encompass all these practices, Table 2 presents singular courses that address or implement effective practices to prepare PST for IE. These courses serve as good practices that could be used as a starting point toward broader implementation.

The presented projects and courses display various opportunities of how to implement practices for inclusion-orientated science education into science teacher education. At this point, it should be noted that many of the presented projects refer to Germany, as the authors are based in this country and in general, university course concepts are probably often published nationally rather than internationally. Therefore, it can be assumed that there are many more projects that have not been published internationally or at all. The presented projects are concerned with a lot of different topics including NOS, UDL, collaboration, subject-specific language, easily-accessible experiments or enabling cross-sectional, recurring learning opportunities over some years. The aim is to continue and to embed them into a coherent teacher education, where an appreciative attitude toward heterogeneity and non-separated understandings of inclusive and subject-related issues are crucial.

A potential strategy for further improving the quality of teacher education would be to implement evaluations that continuously monitor the development of PTs and use the results to revise and optimize university courses (Symeonidou, 2017). Currently, evaluations are primarily focused on isolated time points and are not used formatively to inform ongoing course improvements. Therefore, the practice of design-based research could be a valuable approach for conceptualizing and developing effective teacher education concepts, whereby iterative cycles of design and re-design are employed to optimize targeted courses (Mackey et al., 2023). Additionally, Salend’s (2010) nine aspects of evaluating IE courses could serve as a theoretical framework for evaluating and improving ISE courses.

One effective approach to bridging the dissemination gap in science teacher education and integrating aspects of inclusive pedagogy is through the use of open educational resources (OER). OER refers to “learning, teaching and research materials in any format and medium (…) that permit no-cost access, re-use, re-purpose, adaptation and redistribution by others” (UNESCO, 2019). To promote a culture of sharing among educators and researchers in the field of ISE and facilitate the transfer of knowledge into course practices, barriers in OER infrastructures need to be reduced (Baas and Schuwer, 2020). Sharing, evaluating, and adapting learning resources among educators globally can even support lecturers who lack specific knowledge in ISE practices. Some examples of OER are already available (Hawkins and Tualaulelei, 2020; also see transfer in Table 2).



TABLE 2 Selected prospective science teacher education projects for inclusive science education (ISE).
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5. Discussion

Currently, we are still far from having a conceptually grounded and successful initial science teacher education toward inclusion. PSTs often feel lost and receive impractical recommendations that contradicts a broad understanding of inclusion. We argued that an adequate approach to initial science teacher education must be based on inclusive values that have to be conveyed as a basis (Norwich, 2022), and we drew on the value-based approach of Florian (2021) here. We identified barriers and boosters toward inclusion in initial science teacher education. Our review has identified the following significant barriers that hinder its implementation:

1. In initial science teacher education, the add-on approach dominates, which can lead to unfavorable attitudes and is only partially meaningful in light of a broad understanding of inclusion.

2. Separate teacher education tracks for science and special education PTs hinder the fusion of subject-specific content with inclusive content.

3. The previous barriers lead to PTs, but also university lecturers, not feeling adequately prepared for the topic and its school or scholarly integration.

Drawing on our analysis of the current state of initial science teacher education and the significant barriers we have identified, we strongly advocate for the integration of the following “boosters” into science teacher education programs at universities. These critical elements have the potential not only to overcome the identified barriers but also to equip PSTs with necessary skills and knowledge to confidently deliver effective ISE:

1. Impart evidence-based approaches for successful ISE that strengthen PTs self-efficacy.

2. Collaboration between science and special education PTs and educators.

3. Knowledge transfer of good, evaluated practice projects.

We acknowledge that providing a recipe for success is neither sensible nor possible. Evidence-based practices cannot fully address the unique needs of individual students. However, we argue that it is crucial to equip PSTs with evidence-based strategies to increase their sense of self-efficacy and enable them to take action (Bain et al., 2009; Savolainen et al., 2012; Yada et al., 2021; Woodcock et al., 2023). Initial science teacher education cannot prepare PSTs for every practical scenario, but it can provide a foundation that includes inclusive values and beliefs, reflective competence, and practical knowledge (Abels, 2011; Saylor and Johnson, 2014; Körkkö et al., 2016; Fränkel et al., 2022). Practical experiences during PST education cannot replace in-service science teacher practice, but they can offer opportunities for reflection on inclusive goals and requirements, paving the way for further professionalization (Øen et al., 2023). We must encourage PSTs to believe that ISE is achievable and not merely an add-on. They must be willing to advocate for inclusive values in their future schools and understand inclusive thinking and action as an ongoing process. It is essential to motivate PSTs to take the first steps and provide supportive practices without creating unrealistic expectations that may not be met due to suboptimal conditions in the school system (Forlin, 2010). Providing PSTs with clear, compelling, and convincing evidence of the benefits of IE is essential to reinforce these changes in beliefs (Posner and Strike, 1992; Gregoire, 2003).

In the coming years, there will be an increasing need to develop, evaluate, and disseminate ideas, courses, and resources that support initial science teacher education for inclusion. By building upon the foundational concepts of ISE and the proposed solutions presented in this paper, educators can design university courses that have a significant impact on PSTs. There is a substantial body of content that can be effectively taught in the context of science teacher education for inclusion, as our literature review has demonstrated. However, the identification of subject-specific foundational competencies and specific content that PTs should acquire remains an outstanding issue. Moreover, there is a dearth of information on how such competencies and content have been defined and differentiated subject-wise at various higher education institutions. Therefore, a scholarly discourse on this topic has the potential to yield valuable insights. Furthermore, as the field of education continues to evolve, it is essential to stay current with the changing needs of society, such as incorporating digital tools and AI into school practice (Walther et al., 2022). Creating effective courses that promote inclusive practices and values is crucial to ensuring that PTs have the necessary skills and knowledge to provide quality education to all students. We hereby should lead by example in demonstrating the teaching practices that we expect from our PTs, such as collaboration, active engagement, and scaffolding techniques. This aspect reaches the dimension of higher education didactics, which is often overlooked in studies or interventions and therefore deserves greater attention. Evaluating these courses will help determine their effectiveness and identify areas for improvement, allowing educators to reflect on their content and methods and make necessary changes to improve their impact. Furthermore, disseminating these courses to other universities will facilitate the widespread adoption of inclusive practices and contribute to creating a more inclusive educational system as a whole.

The urgent need to promote IE in science teaching demands action from academia, requiring lecturers to prioritize inclusion in their teaching agenda. It is not productive to merely scratch the surface and rebrand special education content as inclusive without addressing the underlying structural issues. We need individuals who are truly committed to tackling this issue and making a meaningful contribution as well as a more connected research community (Comarú et al., 2021). We also need to address the issue that PT educators have not received sufficient training to teach inclusion in subject didactics. A connected and committed community can contribute to disseminating the relevant knowledge and concepts. The vision of this paper is to inspire and motivate university educators to embark on this journey, and to work collaboratively to achieve improvement. We believe that it is only through collective efforts and shared resources that we can bring about the desired change. By adapting science teacher education for inclusion, we can equip teachers like Sarah with the necessary knowledge, skills, and confidence to create lessons that are accessible to all students. This will not only benefit students with additional needs but also enhance the learning experience for all. If we take steps toward an initial science teacher education for inclusion, Sarah’s story could have an alternative ending:



The novel science teacher Sarah faces several challenges in her science class, but she is confident in her ability to handle the situation. Despite the different learning styles and needs of her students, Sarah is adept at creating lessons that are accessible to all students. For example, some students struggle with abstract concepts, while others need hands-on activities to grasp the content, but Sarah is able to adapt her teaching to cater to their needs. Sarah is aware that some of her students have additional needs, and she is well-equipped to support them through evidence-based practices. She also collaborates with the special education teacher and they share their expertise to create an accessible learning environment for all students. She provides the necessary adjustments and changes that enhance students learning, and she is constantly improving her knowledge and skills in IE. Sarah is not overwhelmed with the challenges of teaching, as she sees it as an opportunity to grow and develop as a teacher, since inclusion is a process.
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Footnotes

1   In this article the authors define the word “students” to describe pupils at school level. Higher educational students at universities are designated as “prospective teachers (PTs)” or “prospective science teachers (PSTs)” to avoid misunderstandings.

2   Term to describe the science of teaching and learning.



References

 Abels, S. (2011). LehrerInnen als Reflective Practitioner. Reflexionskompetenz für einen demokratieförderlichen Naturwissenschaftsunterricht. [“Teachers as reflective practitioners reflective competence for a science classroom conducive to democracy”] Wiesbaden: VS Verlag.


 Abels, S. (2019). Science teacher professional development for inclusive practice. Int. J. Phys. Chem. Educ. 11, 19–29.


 Abels, S., Barth, M., Richter, S., Sellin, K., Brauns, S., and Egger, D. (2022). “Lehre und Forschung im Projekt Naturwissenschaftlicher Unterricht inklusiver gestalten. Teaching and research in the project making science education more inclusive” in Qualifizierung der pädagogischen Fachkräfte für inklusive Bildung: Qualifizierung für Inklusion. vol. 3. eds. D. Katzenbach and M. Urban (Münster: Waxmann Verlag), 25–39.


 Abels, S., Hofer, E., Hollstein, S., Rodenhauser, A., and Stinken-Rösner, L. (n.d.). Kontextorientierte Unterrichtseinheit zum Forschenden Lernen im inklusiven naturwissenschaftlichen Unterricht. [“Context-oriented teaching unit on inquiry learning in inclusive science education.”][PDF file]. CC-BY-SA (4.0).


 Abels, S., and Schütz, S. (2016). Fachdidaktik trifft Inklusive Pädagogik [subject-matter education meets inclusive pedagogy]. Zeitschrift für Heilpädagogik 67, 425–436.


 Ainscow, M. (2004). Special needs in the classroom: A teacher education guide (2nd Edn). Paris: UNESCO.


 Ajzen, I. (1991). The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 50, 179–211. doi: 10.1016/0749-5978(91)90020-T


 Allan, J. (2008). Rethinking inclusive education: The philosophers of difference in practice. SpringerLink Bücher: Springer Netherlands, 5.


 Allday, R. A., Neilsen-Gatti, S., and Hudson, T. M. (2013). Preparation for inclusion in teacher education pre-service curricula. Teach. Educ. Spec. Educ. 36, 298–311. doi: 10.1177/0888406413497485


 American Association for the Advancement of Science (AAAS) (1989). Science for all Americans. Oxford: Oxford University Press.


 American Association for the Advancement of Science (AAAS) (1993). Benchmarks for science literacy. Oxford: Oxford University Press.


 Ananiadou, K., and Claro, M. (2009). “21st century skills and competences for new millennium learners in OECD countries” in OECD education working papers, vol. 41 (Paris: OECD Publishing)


 Arnaiz-Sánchez, P., de Haro-Rodríguez, R., Caballero, C. M., and Martínez-Abellán, R. (2023). Barriers to educational inclusion in initial teacher training. Societies 13:31. doi: 10.3390/soc13020031


 Autorengruppe Bildungsberichterstattung (2020). Bildung in Deutschland 2020. Ein indikatorengestützter Bericht mit einer Analyse zu Bildung in einer digitalisierten Welt. [Education in Germany 2020. An indicator-based report with an analysis of education in a digitized world]”. Bielefeld: wbv Media GmbH & Co.KG.


 Baas, M., and Schuwer, R. (2020). What about reuse? A study on the use of open educational resources in Dutch higher education. Open Praxis 12:527. doi: 10.5944/openpraxis.12.4.1139


 Bain, A., Lancaster, J., Zundans, L., and Parkes, R. J. (2009). Embedding evidence-based practice in pre-service teacher preparation. Teach. Educ. Spec. Educ. 32, 215–225. doi: 10.1177/0888406409339999


 Black, P., and William, D. (1998). Assessment and classroom learning. Assess. Educ. 5, 7–74. doi: 10.1080/0969595980050102


 Booth, T., and Ainscow, M. (2002). Index for inclusion: Developing learning and participation in schools (Repr). Cambridge: Index for Inclusion Network (IfIN).


 Brauns, S., and Abels, S. (2021). Die Anwendung naturwissenschaftlicher Untersuchungsmethoden inklusiv gestalten – Naturwissenschaftsdidaktische Theorie und Empirie erweitern mit dem Kategoriensystem inklusiver naturwissenschaftlicher Unterricht (KinU). Designing the application of scientific investigation methods to be inclusive – expanding natural science didactic theory and empiricism with the inclusive natural science teaching category system (KinU). Zeitschrift Für Didaktik Der Naturwissenschaften 27, 231–249. doi: 10.1007/s40573-021-00135-0


 Bricker, D. (1995). The challenge of inclusion. J. Early Interv. 19, 179–194. doi: 10.1177/105381519501900301


 Buxton, C., Harman, R., Cardozo-Gaibisso, L., Jiang, L., Bui, K., and Allexsaht-Snider, M. (2019). Understanding science and language connections: new approaches to assessment with bilingual learners. Res. Sci. Educ. 49, 977–988. doi: 10.1007/s11165-019-9846-8


 Bybee, R. (1997). Achieving scientific literacy. Portsmouth: Heinemann.


 Bybee, R. W., and Fuchs, B. (2006). Preparing the 21st century workforce: a new reform in science and technology education. J. Res. Sci. Teach. 43, 349–352. doi: 10.1002/tea.201477


 CAST
. (2011). Universal Design for Leaming Guidelines version 2.0. Wakefieid, MA: Author.


 Chiner, E., and Cardona, M. C. (2013). Inclusive education in Spain: how do skills, resources, and supports affect regular education teachers’ perceptions of inclusion? Int. J. Incl. Educ. 17, 526–541. doi: 10.1080/13603116.2012.689864


 Chitiyo, J. (2017). Challenges to the use of coteaching by teachers. Int. J. Whole Sch. 13, 55–66.


 CMC and GRC
. (2015). Lehrerbildung für eine Schule der Vielfalt: Gemeinsame Empfehlung von Hochschulrektorenkonferenz und Kultusministerkonferenz. [“Teacher education for a School of Diversity: Joint recommendation of the German Rectors’ conference and the standing conference of the ministers of education and cultural affairs.”].


 Comarú, M. W., Lopes, R. M., Braga, L. A. M., Batista Mota, F., and Galvão, C. (2021). A bibliometric and descriptive analysis of inclusive education in science education. Stud. Sci. Educ. 57, 241–263. doi: 10.1080/03057267.2021.1897930


 Cowie, B., and Bell, B. (1999). A model of formative assessment in science education. Assess. Educ. Prin. Policy Pract. 6, 101–116. doi: 10.1080/09695949993026


 Cretu, D. M., and Morandau, F. (2020). Initial teacher education for inclusive education: a bibliometric analysis of educational research. Sustainability 12:4923. doi: 10.3390/su12124923


 Da Kang, Y., and Martin, S. N. (2018). Improving learning opportunities for special education needs (SEN) students by engaging pre-service science teachers in an informal experiential learning course. Asia Pacific J. Educ. 38, 1–29. doi: 10.1080/02188791.2018.1505599


 Dani, D. E., and Harrison, L. M. (2021). Family science nights: venues for developing cultural competence. Teach. Teach. Educ. 103:103370. doi: 10.1016/j.tate.2021.103370


 De Sousa, B. J., Voos, I. C., Manenti, D. S., Conceicao, J., and Barbosa, M. L. P. (2018). Professional development of natural sciences teachers on assistive technology: convergences and divergencies. Virtualidad Educacion Y Ciencia 9, 73–93.


 Delorey, J., Specht, J., Fairbrother, M., Ismailos, L., Villella, M., Charles, E., et al. (2020). Experiences that shape pre-service teachers’ inclusive practice beliefs: a group concept mapping study. Int. J. Incl. Educ. 1–16, 1–16. doi: 10.1080/13603116.2020.1862403


 Dignath, C., Rimm-Kaufman, S., van Ewijk, R., and Kunter, M. (2022). Teachers’ beliefs about inclusive education and insights on what contributes to those beliefs: a meta-analytical study. Educ. Psychol. Rev. 34, 2609–2660. doi: 10.1007/s10648-022-09695-0


 Egger, D., and Abels, S. (2022). The analytical competency model to investigate the video-stimulated analysis of inclusive sciene education. Vorab-Onlinepublikation. 5, 48–63. doi: 10.25321/prise.2022.1319


 Egger, D., Brauns, S., Sellin, K., Barth, M., and Abels, S. (2020). Professionalisierung von Lehramtsstudierenden für inklusiven naturwissenschaftlichen Unterricht [Professionalizing student teachers for inclusive science education]. J. für Psychol. 27, 50–70. doi: 10.30820/0942-2285-2019-2-50


 Ellis, E., and Howard, P. (2007). Graphic organizers: power tools for teaching students with learning disabilities. Curr. Pract. Alerts 13, 1–4.


 Entress, C. J. (2022). “You can’t do everything” in Search of better, more equitable secondary science methods courses. (Dissertation at the Columbia University).


 Essex, J., Alexiadou, N., and Zwozdiak-Myers, P. (2019). Understanding inclusion in teacher education – a view from student teachers in England. Int. J. Incl. Educ. 25, 1425–1442. doi: 10.1080/13603116.2019.1614232


 European Agency for Development in Special Needs Education
. (2003). Inclusive education and classroom practice: Summary report. European Agency for Special Needs and Inclusive Education: Odense, Denmark.


 European Agency for Development in Special Needs Education
. (2012). Teacher education for inclusion. Profile of Inclusive Teachers. Available at: https://www.european-agency.org/sites/default/files/profile_of_inclusive_teachers_en.pdf


 Federal Ministry of Education and Research
. (2023). “Richtlinie zur Förderung des Programms” in Integration durch Bildung. Bundesanzeiger vom 28.04.2023 [Guideline for the promotion of the program “Integration through Education”, Federal Gazette of 28.04.2023]. Available at: https://www.bmbf.de/bmbf/shareddocs/bekanntmachungen/de/2023/04/2023-04-28-Bekanntmachung-Integration-Bildung.html


 Florian, L. (2017). The heart of inclusive education is collaboration. Pedagogika 126, 248–253. doi: 10.15823/p.2017.32


 Florian, L. (2019). On the necessary co-existence of special and inclusive education. Int. J. Incl. Educ. 23, 691–704. doi: 10.1080/13603116.2019.1622801


 Florian, L. (2021). “The universal value of teacher education for inclusive education” in Handbuch Inklusion international: Globale, nationale und lokale Perspektiven auf Inklusive Bildung = international handbook of inclusive education: Global, national and local perspectives. eds. A. Köpfer, J. J. W. Powell, and R. Zahnd (Kornwestheim: Verlag Barbara Budrich), 89–106.


 Florian, L., and Black-Hawkins, K. (2011). Exploring inclusive pedagogy. Br. Educ. Res. J. 37, 813–828. doi: 10.1080/01411926.2010.501096


 Florian, L., and Rouse, M. (2009). The inclusive practice project in Scotland: teacher education for inclusive education. Teach. Teach. Educ. 25, 594–601. doi: 10.1016/j.tate.2009.02.003


 Forlin, C. (2010). “Teacher education for inclusion” in Confronting obstacles to inclusion. ed. R. Rose (London: Routledge), 155–170.


 Forlin, C., Loreman, T., Sharma, U., and Earle, C. (2009). Demographic differences in changing pre-service teachers’ attitudes, sentiments and concerns about inclusive education. Int. J. Incl. Educ. 13, 195–209. doi: 10.1080/13603110701365356


 Fränkel, S. (2019). Beliefs von Lehrkräften zu inklusiver Begabungsförderung im Biologieunterricht [Teachers' beliefs on inclusive talent development in biology education]. Dissertation an der Universität Bielefeld. doi: 10.4119/unibi/2936526


 Fränkel, S., Dahlmanns, C., Ferencik-Lehmkuhl, D., Heuser, V., Laubmeister, C., Lee, C., et al. (2022). Inklusive Bildung im Studium reflektieren – die Zertifikatsreihe “Handlungswissen Inklusion” zur Förderung der Reflexionskompetenz an der Universität zu Köln [Reflecting on inclusive education in university studies – the certificate series "inclusive action knowledge" for promoting reflection competence at the University of Cologne]. Qualifizierung für Inklusion 4:82. doi: 10.21248/qfi.82


 Fränkel, S., and Kiso, C. (2021). “Inklusive Begabungsförderung als blinder fleck im Fachunterricht? Eine Einführung in die Thematik [Inclusive talent development as a blind spot in subject-specific instruction? An introduction to the topic]” in Inklusive Begabungsförderung in den Fachdidaktiken – Diskurse, Forschungslinien und Praxisbeispiele. eds. C. Kiso and S. Fränkel (Bad Heilbrunn: Julius Klinkhardt), 11–22.


 Fränkel, S., Lammerding, S., Hanke, P., Friebe, C., and Hövel, D. (2020). Im Team geht’s besser! Vorstellung der Konzeption des neuen Vorbereitungskurses: Inklusion – Kooperation in multiprofessionellen Teams in der Primarstufe an der Universität zu Köln [It's better in a team! Presentation of the concept of the new preparatory course: "inclusion – cooperation in multiprofessional teams in primary education" at the University of Cologne]. k:ON – Kölner Online Journal für Lehrer*innenbildung 2, 153–171. doi: 10.18716/ojs/kON/2020.2.08


 Fränkel, S., and Schroeder, R. (2023). “Digitale Medien im inklusiven naturwissenschaftlichen Unterricht – Ergebnisse eines systematischen Literaturreviews [Digital Media in Inclusive Science Education – Results of a Systematic Literature Review]” in Inklusion digital! Chancen und Herausforderungen inklusiver Bildung im Kontext von Digitalisierung. eds. D. Ferencik-Lehmkuhl, I. Huynh, C. Laubmeister, C. Lee, C. Melzer, and I. Schwank, et al. (Bad Heilbrunn: Klinkhardt), 51–65.


 Friend, M., Cook, L., Hurley-Chamberlain, D., and Shamberger, C. (2010). Co-teaching: an illustration of the complexity of collaboration in special education. J. Educ. Psychol. Consult. 20, 9–27. doi: 10.1080/10474410903535380


 Frohn, J., and Moser, V. (2021). Inklusionsbezogene Studienanteile in der Lehrkräftebildung: zum Stand der Umsetzung anhand bildungspolitischer Entwicklungen und einer Befragung unter den Lehrkräftebildungszentren in Deutschland [Inclusion-related study components in teacher education: On the status of implementation based on educational policy developments and a survey of teacher education centers in Germany]. Zeitschrift für Inklusion 15


 Fühner, L., Ferreira González, L., Weck, H., Pusch, A., and Abels, S. (2022). “Das NinU-Raster zur Planung und Reflexion inklusiven naturwissenschaftlichen Unterrichts für Lehramtsstudierende [The NinU grid for planning and reflecting on inclusive science education for teacher education students]” in Inklusion in der Lehramtsausbildung – Lerngegenstände, Interaktionen und Prozesse. eds. A. Schröter, M. Kortmann, S. Schulze, K. Kempfer, S. Anderson, G. Sevdiren, and J. Bartz, et al. 1st ed (New York, NY: Waxmann), 63–78.


 German Institute for Human Rights (2022). Entwicklung der Menschenrechtssituation in Deutschland. Juli 2021 – Juni 2022. [“Development of the human rights situation in Germany. July 2021 – June 2022.”]


 Göransson, K., and Nilholm, C. (2014). Conceptual diversities and empirical shortcomings – a critical analysis of research on inclusive education. Eur. J. Spec. Needs Educ. 29, 265–280. doi: 10.1080/08856257.2014.933545


 GRC and CMC
. (2020). Lehrerbildung für eine Schule der Vielfalt: Gemeinsame Empfehlung von Hochschulrektorenkonferenz und Kultusministerkonferenz – Stand der Umsetzung im Jahr 2020.


 Gregoire, M. (2003). Is it a challenge or a threat? A dual-process model of Teachers' cognition and appraisal processes during conceptual change. Educ. Psychol. Rev. 15, 147–179. doi: 10.1023/A:1023477131081


 Hadzigeorgiou, Y., and Schulz, R. M. (2019). Engaging students in science: the potential role of “narrative thinking” and “romantic understanding”. Front. Educ. 4:38. doi: 10.3389/feduc.2019.00038


 Hand, B., Norton-Meier, L., Staker, J., and Bintz, J. (2009). Negotiating science: the critical role of argument in student inquiry. Portsmouth, NH: Heinemann.


 Hart, S., Dixon, A., Drummond, M. J., and McIntyre, D. (2004). Learning without limits. Buckingham: Open University Press.


 Hawkins, K., and Tualaulelei, E. (Eds.). (2020). Gems and nuggets. Toowoomba: University of Southern Queensland.


 Hodson, D. (2014). Learning science, learning about science, doing science: different goals demand different learning methods. Int. J. Sci. Educ. 36, 2534–2553. doi: 10.1080/09500693.2014.899722


 Jimenez, B. A., Browder, D. M., Spooner, F., and Dibiase, W. (2012). Inclusive inquiry science using peer-mediated embedded instruction for students with moderate intellectual disability. Except. Child. 78, 301–317. doi: 10.1177/001440291207800303


 Jitendra, A., Edwards, L., Sacks, G., and Jacobson, L. (2004). What research says about vocabulary instruction for students with learning disabilities. Except. Child. 70, 299–322. doi: 10.1177/001440290407000303


 Jordan, A., Glenn, C., and McGhie-Richmond, D. (2010). The supporting effective teaching (SET) project. The relationship of inclusive teaching practices to teachers’ beliefs about disability and ability, and about their roles as teachers. Teach. Teach. Educ. 26, 259–266. doi: 10.1016/j.tate.2009.03.005


 Jordan, A., and Stanovich, P. (2003). Teachers' personal epistemological beliefs about students with disabilities as indicators of effective teaching practices. J. Res. Spec. Educ. Needs 3:315. doi: 10.1111/j.1471-3802.2003.00184.x


 Kahn, S., Hartman, S. L., Oswald, K., and Samblanet, M. (2018). Promoting “science for all” through teacher candidate collaboration and community engagement. Innovat. Sci. Teach. Educ. 3


 Kefallinou, A., Symeonidou, S., and Meijer, C. J. W. (2020). Understanding the value of inclusive education and its implementation: a review of the literature. Prospects 49, 135–152. doi: 10.1007/s11125-020-09500-2


 Keys, C. W., Hand, B., Prain, V., and Collins, S. (1999). Using the science writing heuristic as a tool for learning from laboratory investigations in secondary science. J. Res. Sci. Teach. 36, 1065–1084. doi: 10.1002/(SICI)1098-2736(199912)36:10<1065::AID-TEA2>3.0.CO;2-I


 Körkkö, M., Kyrö-Ämmälä, O., and Turunen, T. (2016). Professional development through reflection in teacher education. Teach. Teach. Educ. 55, 198–206. doi: 10.1016/j.tate.2016.01.014


 Kranz, J., Baur, A., and Möller, A. (2022). Learners’ Challenges in Understanding and Performing Experiments: A Systematic Review of the literature. Studies in Science Education 59, 321–367. doi: 10.1080/03057267.2022.2138151


 Lammerding, S., Fränkel, S., Hanke, P., and Schroeder, R. (in press). ““Das ist ein Prozess und den muss man gehen und dann findet man auch seine eigene Rolle” – Kooperation von Studierendentandems im Praxissemesters als Impuls für eine inklusionsorientierte Lehrer:innenbildung. [“That is a process, and one must go through it, and then one also finds their own role” – Cooperation of student tandems in the internship semester as an impulse for an inclusion-oriented teacher education],” in Partizipation – Wissen – Kommunikation. eds. C. Lindmeier, S. Sallat, V. Oelze, W. Kulig and M. Grummt (Hrsg.) (Bad Heilbrunn: Klinkhardt), 354–361.


 Laubner, M., and Lindmeier, C. (2017). “Forschung zur inklusionsorientierten Lehrerinnen- und Lehrerbildung in Deutschland. Eine Übersicht über die neueren empirischen Studien zur ersten, universitären Phase [Research on Inclusion-Oriented Teacher Education in Germany. An Overview of Recent Empirical Studies on the First, University Phase]” in Pädagogische Professionalität im Spannungsfeld von sonderpädagogischer Förderung und inklusiver Bildung. 1. Beiheft Sonderpädagogische Förderung heute. eds. C. Lindmeier and H. Weiß (Weinheim, Basel: Beltz Juventa), 154–201.


 Lautenbach, F., and Heyder, A. (2019). Changing attitudes to inclusion in preservice teacher education: a systematic review. Educ. Res. 61, 231–253. doi: 10.1080/00131881.2019.1596035


 Leijen, Ä., Arcidiacono, F., and Baucal, A. (2021). The dilemma of inclusive education: inclusion for some or inclusion for all. Front. Psychol. 12:633066. doi: 10.3389/fpsyg.2021.633066 

 Librea-Carden, M. R., Mulvey, B. K., Borgerding, L. A., Wiley, A. L., and Ferdous, T. (2021). ‘Science is accessible for everyone’: preservice special education teachers’ nature of science perceptions and instructional practices. Int. J. Sci. Educ. 43, 949–968. doi: 10.1080/09500693.2021.1893857


 Link, P., Steinert, C., and Jurkowski, S. (2022). “Implementierung von Inklusion als Querschnittsthema an der Universität Erfurt durch das Kompetenz- und Entwicklungszentrum für Inklusion. Inklusionsspezifische Professionalisierung der Lehrer*innenbildung durch Team-Teaching, Fortbildung und Online-Lernumgebung” in Grenzen.Gänge.Zwischen.Welten. Kontroversen - Entwicklungen - Perspektiven der Inklusionsforschung (Verlag Julius Klinkhardt), 197–204. doi: 10.25656/01:23832


 Lortie, D.C. (1975). Schoolteacher. Chicago, IL: University of Chicago Press.


 Louis, V. N., and King, N. S. (2022). Emancipating STEM education through abolitionist teaching: a research-practice partnership to support virtual microteaching experiences. J. Sci. Teach. Educ. 33, 206–226. doi: 10.1080/1046560X.2021.2012957


 Lubin, J., and Polloway, E. A. (2016). Mnemonic instruction in science and social studies for students with learning problems: a review. Learn. Disabil. J. 14, 207–224.


 LZV (2016). Verordnung über den Zugang zum nordrhein-westfälischen Vorbereitungsdienst für Lehrämter an Schulen und Voraussetzungen bundesweiter Mobilität (Lehramtszugangsverordnung – LZV).


 Mackey, M., Drew, S., Nicoll-Senft, J., and Jacobson, L. (2023). Advancing a theory of change in a collaborative teacher education program innovation through universal design for learning. Soc. Sci. Human. Open 7:100468. doi: 10.1016/j.ssaho.2023.100468


 Markic, S., and Bruns, H. (2013). Stoffe erkunden. Materialien zum Umgang mit sprachlicher Heterogenität [“Exploring Substances. Materials for dealing with Linguistic Heterogeneity”]. Naturwissenschaften im Unterricht Chemie 24, 20–25.


 McKinsey Report (2007) How the World’s Best-Performing School Systems Come out on Top.


 Menthe, J., and Hoffmann, T. (2015). “Inklusiver Chemieunterricht: chance und Herausforderung [Inclusive chemistry education: opportunity and challenge]” in Inklusiver Fachunterricht in der Sekundarstufe. eds. O. Musenberg and J. Riegert (Stuttgart: W. Kohlhammer), 131–141.


 Merz-Atalik, K. (2017). “Inklusive Lehrerbildung oder Inklusionsorientierung in der Lehrerbildung?! Einblicke in internationale Erfahrungen und Konzepte [Inclusive teacher education or inclusion orientation in teacher education?! Insights into international experiences and concepts]” in Lehrerausbildung für Inklusion. Fragen und Konzepte zur Hochschulentwicklung (Beiträge zur Lehrerbildung und Bildungsforschung). eds. S. Greiten, G. Geber, A. Gruhn, and M. Köninger, vol. 3 (Münster: Waxmann), 48–63.


 Mintz, J., Hick, P., Solomon, Y., Matziari, A., Ó’Murchú, F., Hall, K., et al. (2020). The reality of reality shock for inclusion: how does teacher attitude, perceived knowledge and self-efficacy in relation to effective inclusion in the classroom change from the pre-service to novice teacher year? Teach. Teach. Educ. 91:103042. doi: 10.1016/j.tate.2020.103042


 Monitor Lehrerbildung (2015). Inklusionsorientierte Lehrerbildung – vom Schlagwort zur Realität?! [“Inclusion-oriented teacher education – from buzzword to reality?!”]. Available at: https://www.monitor-lehrerbildung.de/wp-content/uploads/2022/11/Monitor_Lehrerbildung_Inklusion_04_2015.pdf


 Morgenroth, S. (2015). Lehrerkooperation unter Innovationsstress [“Teacher collaboration under innovation stress”], Wiesbaden: Springer VS.


 Moser, V., and Kipf, S. (2015). “Inklusion und Lehrerbildung – Forschungsdesiderata [Inclusion and teacher education – research desiderata]” in Inklusiver Fachunterricht in der Sekundarstufe. eds. J. Riegert and O. Musenberg (Stuttgart: Verlag W. Kohlhammer), 29–38.


 Mumba, F., Banda, A., and Chabalengula, V. M. (2015). Chemistry teachers’ perceived benefits and challenges of inquiry-based instruction in inclusive chemistry classrooms. Sci. Educ. Int. 26, 180–194.


 Mutch-Jones, K., Puttick, G., and Minner, D. (2012). Lesson study for accessible science: building expertise to improve practice in inclusive science classrooms. J. Res. Sci. Teach. 49, 1012–1034. doi: 10.1002/tea.21034


 National Center on Universal Design for Learning
. (2010). UDL guidelines [webpage]. Available at: http://www.udlcenter.org/aboutudl/udlguidelines


 National Research Council (NRC)
. (1996). National science education standards. Washington, DC: National Academy.


 Nel, M., Hay, J., Bekker, T., Beyers, C., Pylman, N., Alexander, G., et al. (2023). Exploring the perceptions of lecturers and final year students about the infusion of inclusion in initial teacher education programmes in South Africa. Front. Educ. 8:1024054. doi: 10.3389/feduc.2023.1024054


 Nilholm, C. (2020). Research about inclusive education in 2020 – how can we improve our theories in order to change practice? Eur. J. Spec. Needs Educ. 36, 358–370. doi: 10.1080/08856257.2020.1754547


 Norris, S. P., and Phillips, L. M. (2003). How literacy in its fundamental sense is central to scientific literacy. Sci. Educ. 87, 224–240. doi: 10.1002/sce.10066


 Norwich, B. (2022). Research about inclusive education: are the scope, reach and limits empirical and methodological and/or conceptual and evaluative? Front. Educ. 7:937929. doi: 10.3389/feduc.2022.9379299


 Øen, K., Krumsvik, R. J., and Skaar, Ø. O. (2023). Inclusion in the heat of the moment: balancing participation and mastery. Front. Educ. 8:967279. doi: 10.3389/feduc.2023.9672799


 Ollerhead, S. (2020). ‘The pre-service teacher tango’: pairing literacy and science in multilingual Australian classrooms. Int. J. Sci. Educ. 42, 2493–2512. doi: 10.1080/09500693.2019.1634852


 Organisation for Economic Co-operation and Development (OECD) (2013). OECD skills outlook 2013: first results from the survey of adult skills. Berlin: OECD Publishing


 Pancsofar, N., and Petroff, J. G. (2016). Teachers’ experiences with co-teaching as a model for inclusive education. Int. J. Incl. Educ. 20, 1043–1053. doi: 10.1080/13603116.2016.1145264


 Pantic, N., Closs, A., and Ivosevic, V. (2011). Teachers for the future: Teacher development for inclusive education in the Western Balkans. Torino: European Training Foundation.


 Pawlak, F., and Groß, K. (2021). Einsatz von Schülerexperimenten im inklusiven Chemieunterricht – Chancen und Herausforderungen aus Sicht der Chemielehrenden [“the use of student experiments in inclusive chemistry classes – chemistry teachers’ perspectives on chances and challenges”]. CHEMKON 28, 96–102. doi: 10.1002/ckon.201900017


 Posner, G. J., and Strike, K. A. (1992). “A revisionist theory of conceptual change” in Philosophy of science, cognitive psychology, and educational theory and practice. eds. R. A. Duschl and R. J. Hamilton, vol. 30 (Albany, NY: Suny Press), 30-2215–30-2177.


 Potvin, P., and Hasni, A. (2014). Analysis of the decline in interest towards school science and technology from grades 5 through 11. J. Sci. Educ. Technol. 23, 784–802. doi: 10.1007/s10956-014-9512-x


 Pugach, M. C., and Blanton, L. P. (2009). A framework for conducting research on collaborative teacher education. Teach. Teach. Educ. 25, 575–582. doi: 10.1016/j.tate.2009.02.007


 Pugach, M. C., Blanton, L. P., Mickelson, A. M., and Boveda, M. (2019). Curriculum theory: the missing perspective in teacher education for inclusion. Teach. Educ. Spec. Educ. 43, 85–103. doi: 10.1177/0888406419883665


 Putnam, A. L. (2015). Mnemonics in education: current research and applications. Transl. Issues Psychol. Sci. 1, 130–139. doi: 10.1037/tps0000023


 Roberts, D. A., and Bybee, R. W. (2014). “Scientific literacy, science literacy, and science education” in Handbook of research on science education. eds. N. G. Lederman and S. K. Abell, vol. 2 (London: Routledge)


 Salend, S. (2010). Evaluating inclusive teacher education programs: A flexible framework in Forlin, C. teacher education for inclusion: Changing paradigms and innovative approaches. London: Routledge.


 Savolainen, H., Engelbrecht, P., Nel, M., and Malinen, O.-P. (2012). Understanding teachers’ attitudes and self-efficacy in inclusive education: implications for pre-service and in-service teacher education. Eur. J. Spec. Needs Educ. 27, 51–68. doi: 10.1080/08856257.2011.613603


 Saylor, L. L., and Johnson, C. C. (2014). The role of reflection in elementary mathematics and science Teachers' training and development: a meta-synthesis. Sch. Sci. Math. 114, 30–39. doi: 10.1111/ssm.12049


 Scheer, D., and Melzer, C. (2020). Trendanalyse der KMK-Statistiken zur sonderpädagogischen Förderung 1994 bis 2019. [“Trend analysis of the KMK statistics on special educational support from 1994 to 2019”]. Zeitschrift für Heilpädagogik 71, 575–591. doi: 10.25656/01:24724


 Schildknecht, R., Hundertmark, S., Sun, X., Boskany, J., Seremet, V., Nitz, S., et al. (2022). Ein kooperatives seminar zur Vorbereitung von Lehramtsstudierenden der Sonderpädagogik und Studierende des Regelschullehramts Biologie, Chemie und Physik auf gemeinsamen inklusiven naturwissenschaftlichen Unterricht [A cooperative seminar to prepare special education teacher education students and regular school teacher education students in biology, chemistry, and physics for joint inclusive science teaching]. Herausforderung Lehrer*innenbildung – Zeitschrift zur Konzeption, Gestaltung und Diskussion 5, 296–316. doi: 10.11576/HLZ-4507


 Schmitt-Sody, B., Urbanger, M., and Kometz, A. (2015). Experimentieren mit Förderschülern – Eine besondere Herausforderung in einem Schülerlabor und ein kleiner Beitrag für die Inklusion [“experimenting with special needs students – a special challenge in a student laboratory and a small contribution to inclusion”]. Chemie Schule 4, 5–10.


 Schreffler, J., Vasquez, E., Chini, J. J., and James, W. (2019). Universal design for learning in postsecondary STEM education for students with disabilities: a systematic literature review. Int. J. STEM Educ. 6, 1–10. doi: 10.1186/s40594-019-0161-8


 Schwedler, S., Weirauch, K., Reuter, C., and Zimmermann, J. (2022). Planungskompetenz für inklusivenUnterricht – eine Interventionsstudie. ["Planning competency for inclusive teaching – an intervention study."] Paper presented at the Unsicherheit als Element vonnaturwissenschaftsbezogenen Bildungsprozessen, online.


 Scruggs, T. E., Mastropieri, M. A., and McDuffie, K. A. (2007). Co-teaching in inclusive classrooms: a Metasynthesis of qualitative research. Except. Child. 73, 392–416. doi: 10.1177/001440290707300401


 Sharma, U. (2018). “Preparing to teach in inclusive classrooms” in Oxford Research Encyclopedia of Education. Ed. G. W. Noblit (Oxford: Oxford University Press).


 Sharma, U., Forlin, C., and Loreman, T. (2008). Impact of training on pre-service teachers' attitudes and concerns about inclusive education and sentiments about persons with disabilities. Disabil. Soc. 23, 773–785. doi: 10.1080/09687590802469271


 Slee, R. (2007). “Inclusive schooling as a means and end of education?” in The sage handbook of special education. ed. L. Florian (London: Sage Publications), 160–174.


 Sosu, E., Mtika, P., and Colucci-Gray, L. (2010). Does initial teacher education make a difference? The impact of teacher preparation on student teachers’ attitudes towards educational inclusion. J. Educ. Teach. 36, 389–405. doi: 10.1080/02607476.2010.513847


 Specht, J., Delorey, J., and Puka, K. (2022). The trajectory of inclusive beliefs in beginning teachers. Front. Educ. 7:928505. doi: 10.3389/feduc.2022.9285055


 Spektor-Levy, O., and Yifrach, M. (2019). If science teachers are positively inclined toward inclusive education, why is it so difficult? Res. Sci. Educ. 49, 737–766. doi: 10.1007/s11165-017-9636-0


 Stayton, V. D., and McCollum, J. (2002). Unifying general and special education: what does the research tell us? Teach. Educ. Spec. Educ. 25, 211–218. doi: 10.1177/088840640202500302


 Stinken-Rösner, L., and Abels, S. (2021). “Digitale Medien als Mittler im Spannungsfeld zwischen naturwissenschaftlichem Unterricht und inklusiver Pädagogik [Digital media as a mediator in the tension field between science education and inclusive pedagogy]” in Naturwissenschaftsdidaktik und Inklusion, 4. Beiheft Sonderpädagogische Förderung heute. eds. S. Hundertmark, X. Sun, S. Abels, A. Nehring, R. Schildknecht, and V. Seremet, et al. (Weinheim: Beltz Juventa), 161–175.


 Stinken-Rösner, L., Rott, L., Hundertmark, S., Baumann, T., Menthe, J., Hoffmann, T., et al. (2020). Thinking inclusive science education from two perspectives: inclusive pedagogy and science education. RISTAL 3, 30–45. doi: 10.23770/rt1831


 Stinken-Rösner, L., Weidenhiller, P., Nerdel, C., Weck, H., Kastaun, M., and Meier, M. (2023). “Inklusives Experimentieren im naturwissenschaftlichen Unterricht digital unterstützen [Digitally supporting inclusive experimentation in science education]” in Inklusion Digital! Chancen und Herausforderungen inklusiver Bildung im Kontext von Digitalisierung. eds. D. Ferencik-Lehmkuhl, I. Huynh, C. Laubmeister, L. Curie, C. Melzer, and I. Schwank, et al., 152–167.


 Sührig, L., Hartig, K., Teichrew, A., Winkelmann, J., Erb, R., Horz, H., et al. (2021). “Experimente im inklusiven Physikunterricht: Was sagen Lehrkräfte? [Experiments in inclusive physics classes: what do teachers say?]” in Naturwissenschaftsdidaktik und Inklusion, 4. Beiheft Sonderpädagogische Förderung heute. eds. S. Hundertmark, X. Sun, S. Abels, A. Nehring, R. Schildknecht, and V. Seremet, et al. (Weinheim: Beltz Juventa), 147–160.


 Swanson, L. H., and Bianchini, J. A. (2015). Co-planning among science and special education teachers: how do different conceptual lenses help to make sense of the process? Cult. Stud. Sci. Educ. 10, 1123–1153. doi: 10.1007/s11422-014-9582-3


 Symeonidou, S. (2017). Initial teacher education for inclusion: a review of the literature. Disabil. Soc. 32, 401–422. doi: 10.1080/09687599.2017.1298992


 Taylor, J. C., and Villanueva, M. G. (2014). The power of multimodal representations. Sci. Child. 051:60. doi: 10.2505/4/sc14_051_05_60


 Therrien, W. J., Taylor, J. C., Hosp, J. L., Kaldenberg, E. R., and Gorsh, J. (2011). Science instruction for students with learning disabilities: a meta-analysis. Leam. Disabil. Res. Pract. 26, 188–203. doi: 10.1111/j.1540-5826.2011.00340.x


 Trilling, B., and Fadel, C. (2009). 21st century skills: Learning for life in our times. Hoboken, NJ: Wiley.


 Troll, B., Besser, M., Abels, S., Ahlers, M., Greve, S., Leiss, D., et al. (2019). “Preparing pre-service teachers for inclusive education: analyzing the status quo and comparing the effect of different types of subject-specific learning opportunities” in Inclusive mathematics education. eds. D. Kollosche, R. Marcone, M. Knigge, M. G. Penteado, and O. Skovsmose (New York: Springer International Publishing), 537–559.


 Turiman, P., Omar, J., Daud, A. M., and Osman, K. (2012). Fostering the 21st century skills through scientific literacy and science process skills. Procedia. Soc. Behav. Sci. 59, 110–116. doi: 10.1016/j.sbspro.2012.09.253


 UNESCO
. (1994). The Salamanca statement and framework for action on special needs education. Adopted by the world conference on special needs education: Access and quality. Salamanca, Spain: UNESCO.


 UNESCO
. (1994). Final report: World conference on special needs education: Access and quality. Paris: UNESCO.


 UNESCO (2005). Guidelines for inclusion: Ensuring access to education for all. Available at: http://unesdoc.unesco.org/images/0014/001402/140224e.pdf


 UNESCO (2009). Policy guidelines on inclusion in education. Paris: UNESCO.


 UNESCO (2019). Recommendation on Open Educational Resources (OER). Available at: https://www.unesco.org/en/legal-affairs/recommendation-open-educational-resources-oer


 United Nations (2006). Convention on the Rights of Persons with Disabilities. Available at: https://www.un.org/development/desa/disabilities/convention-on-the-rights-of-persons-with-disabilities/convention-on-the-rights-of-persons-with-disabilities-2.html


 Villanueva, M. G., and Hand, B. (2011). Science for all: engaging students with special needs in and about science. Learn. Disabil. Res. Band Pract. 26, 233–240. doi: 10.1111/j.1540-5826.2011.00344.x


 Villanueva, M. G., Taylor, J. C., Therrien, W. J., and Hand, B. (2012). Science education for students with special needs. Stud. Sci. Educ. 48, 187–215. doi: 10.1080/14703297.2012.737117


 Walther, K., Fränkel, S., Hennemann, T., and Hövel, D. C. (2022). Challenges and opportunities of using a cooperative digital educational plan. Evaluation of the implementation. Europ. J. Open Dist. E-Learn. 24, 73–86. doi: 10.2478/eurodl-2022-0006


 Wang, M., and Fitch, P. (2010). “Preparing pre-service teachers for effective co-teaching in inclusive classrooms” in Teacher education for inclusion. ed. C. Forlin (London: Routledge), 112–119.


 Watt, S. J., Therrien, W. J., Kaldenberg, E. R., and Taylor, J. C. (2013). Promoting inclusive practices in inquiry-based science classrooms. Teach. Except. Child. 45, 40–48. doi: 10.1177/004005991304500405


 Weirauch, K., and Schenk, C. (2022). Chemie all-inclusive – Ein Methodenkompendium für die Planung inklusiv angelegter naturwissenschaftlicher Experimentier-Stationen [Chemie all-inclusive – a methods compendium for planning inclusive science experiment stations in chemistry]. Edition Fachdidaktiken, 91–111. doi: 10.1007/978-3-658-37198-2_8


 Winn, J., and Blanton, L. (2005). The call for collaboration in teacher education. Focus. Except. Child. 38:6816. doi: 10.17161/foec.v38i2.6816


 Wittmann, E. C. (2010). “Natürliche Differenzierung im Mathematikunterricht der Grundschule – vom Fach aus” in Anspruchsvolles Fördern in der Grundschule. ed. P. Hanke (Münster: Zentrum für Lehrerbildung), 63–78.


 Woodcock, S., Gibbs, K., Hitches, E., and Regan, C. (2023). Investigating teachers’ beliefs in inclusive education and their levels of teacher self-efficacy: are teachers constrained in their capacity to implement inclusive teaching practices? Educ. Sci. 13:280. doi: 10.3390/educsci13030280


 Yada, A., Björn, P. M., Savolainen, P., Kyttälä, M., Aro, M., and Savolainen, H. (2021). Pre-service teachers’ self-efficacy in implementing inclusive practices and resilience in Finland. Teach. Teach. Educ. 105:103398. doi: 10.1016/j.tate.2021.103398


 Young, K. (2008). Physical and social organization of space in a combined credential program: implications for inclusion. Int. J. Incl. Educ. 12, 477–495. doi: 10.1080/13603110802377508




OPS/xhtml/Nav.xhtml




Contents





		Cover



		From barriers to boosters: initial teacher education for inclusive science education



		1. Introduction



		2. Inclusive science education: exploring key terms



		2.1. Inclusion as a normatively shaped reflection process



		2.2. Science education for all as a prerequisite for the development of 21st century skills









		3. Barriers in initial teacher education programs for inclusive science education



		3.1. The add-on approach and subject-specific elaboration



		3.2. Separate education tracks for prospective science and special education teachers



		3.3. Teachers feel unprepared for inclusion









		4. How to boost initial teacher education for inclusive science education



		4.1. Fundamentals and evidence-based approaches



		4.2. Collaboration



		4.3. Good-practice projects and knowledge transfer









		5. Discussion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/feduc-08-1191619-t001.jpg
Formative Assessment

Graphic Organizers

Inquiry-Based Learning

Framework for Inclusive Science
Education (KinU)

Mnemonic Strategies

Multimodal Presentations

Peer-Assisted Learning

Scientific Concepts and Language

Universal Design for Learning (UDL)

Use of Technology

etal, 2013)

Method to gain
(Black and William, 1998; Cowie and Bell, 1999; Therrien et al., 2011)

sight into students’ conceptions by planned or interactive assessment to improve their learning processes

‘Adapted visual aids designed to asist students in organizing information based on the specific content (Ells and Howard, 2007)

Inquiry-based learning at different levels of openness, supported by scaffolds, feedbacks,instructions, science writing heuristics,
and structured procedures (Keys et al., 1999; Therrien et al., 2011; Villanueva and Hand, 2011; Villanueva et al., 2012; Watt
etal,, 2013; Kranz et al., 2022)

Strategies for incorporati

g inclusive practices in established ways of thinking and working in science educat

using
categories as a scaffold for planning (Brauns and Abcls, 2021)

Techniques used to support memory by capitalizing on natural memory processes such as visual imagery, organization, and
elaborative encoding, and include strategies ranging from simple acronyms to complex methods for remembs
(Putnam, 2015; Lubin and Polloway, 2016)

g numbers

Use of multiple modes of representation, such as graphs, equations, models,tables, and diagrams, to assst students in

comprehending and retaining significant scientific concepts (Scruggs et al, 2007; Taylor and Villanueva, 2014)

Promoting student interaction, collaboration, and support through implementing smaller group scenarios with opportunities

for exchange (jimene et al, 2012)

Providing multiple means of representation for the foundational concepts and vocabulary and prioritizing language and

vocabulary in the plan wplementation of lessons (Norris and Phillips, 2003 Jitendra et al 2004; Buxton et al., 2019)

g an

Framework involving usage of multiple ways to represent information, flexible engagement options, and varied ways for
ity (CAST, 2011, Schreffler

students to demonstrate learning with the aim of increased motiv: ion and accessibil

ion, part

etal, 2019)

Digital tools as additional or alternative approach to address typical ways of thinking and working in science education

(Stinken-Rosner and Abels, 2021, Frinkel and Schroeder, 2023, Stinken-Rosner etal., 2023)





OPS/images/feduc-08-1191619-t002.jpg
Project/Country/Authors Concept/Approach

Chemie all-inclusive, Germany (Schedler et al,, 2022) Course Concept: Collaboration/IBL

ly science nights, USA (Dani and Harrison, 2021) Informal Learning Environment: Cultural

Competencies
GeLernt, Germany (Schildknecht et al, 2022) Course Concept: Collaboration & UDL

Nay

i, Germany (Abels et al, 2022) Course Concept: IBL

NinU, Germany (Stinken-Rosner et al,, 2020, Filhner etal, 2022) | Framework: Planning inclusive science lessons

n.a., Australia, Ollerhead (2020) Course Concept: Multilingual science learning

n.a., Republic of Korea (Da Kang and Martin, 2018) Informal Learning Environment: IBL

n.a, USA (Kahn etal, 2018) Informal Learning Environment: Collaboration
&UDL

n.a, USA, Librea-Carden etal. (2021) Course Concept: NOS for SPED teachers

Evaluatiol

Qual/Quant
Qual

Qual/Quant
Qual
Qual
Qual
Qual
Qual

Qual

Transfer

Weirauch and Schenk (2022)

nla

OFRs

OERs (Abels etal, n.d)
OFRs

nla

nla

nla

nla

IBL, Inquiry Based Learning; UDL, Universal Design for Learning; OER, Open Education Resources; Qual, qualitative; Quan, quantitative; NOS, Nature of Science; SPED, Special Education

Prospective Teacher.





OPS/images/cover.jpg
' frontiers | Frontiers in Education

From barriers to boosters: initial
teacher education for inclusive
science education












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Education






