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Abstract: The design of learning environments aimed at all students in the learning group
is a requirement of modern lesson planning. In science education research, especially
in the German tradition of didactics, the model of educational reconstruction (MER) is
widely established for the planning of research programs and lesson planning. This model
offers linking points in the conception of inclusive learning environments that have not
yet been sufficiently considered. From an educational science perspective, Universal
Design for Learning diclusive (UDL diclusive) provides a theoretical basis in the context
of inclusive and digital lesson planning. In this paper, both MER and UDL diclusive are
briefly presented. We argue for the combination of both frameworks for contemporary
lesson planning. At the center of our considerations, we present possible points of linkage
between the two frameworks. Connection points are illustrated by planning an inclusive
and digital experiment-based physics lesson.

Keywords: lesson planning; physics teaching; inclusion; digitalized practical work;
video experiment

1. Introduction
Over the past decade, two key topics have continued to receive significant attention in

the field of school development: the advancement of inclusion and associated changes in
the educational system on the one hand, and the use of digital media in classrooms on the
other hand. These themes, while extensively researched, continue to challenge educational
systems worldwide as they seek to address diverse learner needs. Inclusion, as defined
by UNESCO (UNESCO—United Nations Educational, Scientific and Cultural Organization,
2009), encompasses the right of all learners to quality education that fosters their full po-
tential, irrespective of social, economic, or cultural backgrounds, special educational needs,
or disabilities. Different countries approach inclusion through different philosophies and
practices, influenced by their sociocultural and educational contexts. For instance, in the
United States, inclusion, as highlighted for example in the NGSS, often focuses on traditionally
underserved students, reflecting an emphasis on equity, while in Nordic countries such as
Sweden, the debate on inclusion centers on human rights, democratic principles, placement
of SEN students, participation, and belonging (Buli-Holmberg et al., 2023).

Based on the understanding defined by UNESCO, inclusive teaching in Germany
is not only related to special needs schools, but also to the goals of every type of school
(Ainscow, 2021; Hossain, 2012; KMK—Kultusministerkonferenz, 2011; Lee et al., 2015;
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UNESCO—United Nations Educational, Scientific and Cultural Organization, 2009) by
targeting the large variety of different learning conditions and the learner’s specific needs.
In addition to migration processes and ease of possibility of transition in the German school
system, this demand leads to increased heterogeneity in the classroom. It is essential to
mention that inclusion does not only aim at the dichotomy between students with and
students without special educational needs, e.g., due to a visible impairment. A broad
understanding of inclusion entails the right of all learners to quality education and the
development of their full potential, regardless of social, economic, or cultural backgrounds,
special educational needs, disability, or sex (Deutsche UNESCO-Kommission, 2021, p. 1).

Similarly, digitization and the integration of digital media into classrooms has sparked
international debate (Eickelmann et al., 2019) on teaching methods with digital media
(Heusinger, 2020; Michaelsen, 2021), competencies regarding teachers and students (Böt-
tinger, 2023b; Thumel et al., 2020; Voogt et al., 2018), the availability of digital media in
classrooms (Drossel et al., 2017; Lorenz et al., 2022) and on risks of exclusion in a digital
world (e.g., digital divide) (AlSadrani et al., 2020; Dertinger, 2020; van Dijk, 2020). The
ICIL study showed that Germany has a considerable backlog in the mentioned fields
(Eickelmann et al., 2024, 2020).

While inclusion and digitalization have been discussed separately in the past (Abels &
Stinken-Rösner, 2022), international publications (CISL—Centre on Inclusive Software for
Learning, 2021; Gogiberidze et al., 2019) and publications in Germany (Abels & Stinken-Rösner,
2022; Bosse et al., 2019; Böttinger & Schulz, 2021; Filk & Schaumburg, 2021) try to develop
a conceptual combination of inclusion and digital media. The aim is to reduce education
inequalities and break down learning barriers. In Germany, the Standing Conference of the
Ministers of Education (KMK) argues similarly, when it calls for digital learning environments
that take all learners into account—separately from educational objectives or individual
ways of learning. This includes the key part of learning environments with digital media
and technologies to allow teachers to support the learning process considering a broad
understanding of inclusive education (KMK—Kultusministerkonferenz, 2021, pp. 4–6).

Although initial ideas for designing inclusive and digitalized (science) lessons already
exist (see, e.g., Abels & Stinken-Rösner, 2022), there is a need for an approach that provides
guidance for the systematic planning of such lessons. Lesson planning is an important step
to achieve an inclusive and proactive understanding of learning and supporting learners.
Teachers should not wait until students need particular support or until learning difficulties
come up. While planning the lessons, they should consider different ways and methods of
learning to provide a variety of learning approaches and learning materials. In this way,
all learners benefit from enhanced learning environments and from being able to organize
the learning process more individually. Digital media can play a decisive role in reducing
learning barriers and implementing adaptive teaching in inclusive classrooms (Böttinger,
2023a, 2023b).

Previous efforts to support the planning of inclusive science education have, in our
view, focused either on subject-specific material development or on broad scientific literacy
development. In this paper, our main goal focuses on how a lesson plan can be designed
that (a) enables all students to gain access to the learning content, despite their very
heterogeneous learning requirements, and that (b) makes it possible for all students to work
on the same subject matter. To illustrate this, we will take a concrete example from physics
lessons. In science education research, especially in the German tradition of didactics, the
Model of Educational Reconstruction (MER) (Duit et al., 2012) is widely established for the
planning of research programs and lesson planning. This model offers linking points in
the conception of inclusive learning environments in the learner-oriented lesson planning
that have not yet been sufficiently considered. In this context, the Universal Design for
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Learning diclusive (UDL diclusive: (Böttinger & Schulz, 2021, 2023a, 2023b, 2023c)) as an
adaption of the evidence-based Universal Design for Learning (CAST—Centre for Applied
Special Technology, 2018) can be applied.

This paper seeks to contribute to the ongoing discussions about the implementation of
inclusive practices and digital media in the science classroom by exploring how inclusive
and digital science education can be realized through the theoretical frameworks of the
Model of Educational Reconstruction (MER) and Universal Design for Learning diclusive
(UDL diclusive). While MER focuses on subject-specific and learner-centered lesson plan-
ning, UDL diclusive offers principles for creating flexible, accessible, and engaging learning
environments. By combining these frameworks, we propose a comprehensive approach
to lesson planning that addresses diverse learner needs while harnessing the potential
of digital media. The approach advances the theoretical foundations of lesson planning
by showing how established frameworks can evolve to meet contemporary educational
challenges like digitalization and diversity. While UDL is often applied broadly across
subjects, its integration with MER provides a discipline-specific approach tailored to science
education. This ensures that inclusive teaching is embedded in discipline-specific content.

Therefore, this article is an approach that aims to extend the didactic model of edu-
cational reconstruction MER by a diclusive step based on the UDL diclusive to develop
a theoretical framework for inclusive and digital lesson planning. The objective of this
paper is to address the following research questions: How can MER and UDL diclusive
be combined to facilitate the planning of inclusive and digitally enriched science lessons?
What does such a lesson look like?

Since physics is traditionally closely linked to digital media, the use of the framework
is illustrated by an example of experiment-based physics lessons for the basic topic of optics.

2. Approaches to Lesson Planning
2.1. The Model of Educational Reconstruction

The Model of Educational Reconstruction (MER) is a theoretical framework for devel-
oping learning environments in the science classroom (Kattmann et al., 1997); it can also be
used as an approach for science education research, which is the primary intention of the
model (Reinfried et al., 2009; Duit et al., 2012, see Figure 1).
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Building on education–theoretical justifications of learning objects, the MER combines
the analysis of content elements (Klafki, 1964) and aspects of exemplarity (Wagenschein,
1988) with recording the learner’s beliefs and interests. Against the background of a broad
learning objective, MER describes three dimensions to consider when planning lessons to
achieve the learning objective. The mutual reference to the (1) clarification and analysis
of science content (“science-oriented”), (Duit et al., 2012, p. 15) on the one hand and
(2) recording students’ perspectives (“student-oriented”), (Duit et al., 2012, p. 15), on the
other hand, is central. The interaction between content and pedagogical aspects results in
(3) a design and evaluation of learning environments that ultimately enable conceptual
learning. In the MER, the design and evaluation dimensions are necessarily reciprocal,
together with clarification and recording the students’ perspectives.

2.1.1. Clarification and Analysis of Science Content

The clarification and analysis of science content include crucial science concepts and
principles (learning science), science processes and practices, and views of the nature
of science (learning about science). Subject-systematic structures are examined, and the
aspects that are elementary for the lessons to be planned are identified. This process should
not be interpreted in terms of merely “simplifying” science content, although reflecting
on idealizations comes into play within the scientific process of knowledge acquisition
(Winkelmann, 2023). In addition, elementarization takes place within the educational
process of lesson instruction, namely, the reduction of the abstraction and complexity of
the subject matter, the identification of the elementary elements of a learning object (e.g.,
basic phenomena and principles, general laws), and the breakdown of the content into
(methodical) components.

2.1.2. Recording Students’ Perspectives

This dimension of the MER focuses on the analysis of individual students’ learning
conditions and requirements. The students’ prerequisites are the central starting point for
lesson planning. Cognitive and psychological aspects, affective variables such as interests,
self-concepts, and attitudes, as well as students’ preconceptions on learning objects, are
considered. For a long time, it has been known from science education research that knowl-
edge about students’ preconceptions and the adequate handling of these preconceptions
is necessary to design physics lessons more successfully (Clement et al., 1989). Students’
preconceptions describe dispositions to interpret science concepts in a certain way or to
describe phenomena in a certain way that differs from technical science presentations.
Ideas that deviate from subject-specific concepts are often domain-specific (e.g., physics:
Schecker and Duit (2018), biology: Coley and Tanner (2015) and Hammann and Asshoff
(2014), chemistry: Taber (2002) but can also be described for broader concepts such as the
Nature of Science (Clough, 2006; Deng et al., 2011). The ideas that are inappropriate from a
technical point of view are often plausible for the learners in everyday life, and thus have
explanatory power (for example: the shadow of the earth is responsible for the half moon; a
jumper makes you warm). Alternative concepts of students should therefore be the starting
point for a conceptual development (Vosniadou, 2019).

2.1.3. Design and Evaluation of Learning Environments

“The key idea of educational reconstruction includes the idea that a certain science content
structure has to be transformed into the content structure for instruction” (Duit et al., 2012).

The underlying assumption of learning theory is that knowledge structures can be
changed, expanded, networked, restructured, or newly formed by learners (Bransford
& Donovan, 2005; Steffensky & Neuhaus, 2018). Especially for science lessons at the
primary and lower secondary level, the systematics of a subject, e.g., biology or physics,



Educ. Sci. 2025, 15, 148 5 of 19

cannot be adopted for one-to-one learning. A structure determined by the teacher always
characterizes curriculum planning. The aim of such a structure is that all students can
follow it so that technically correct concepts develop or deviating concepts experience a
change to technically correct ones, i.e., a conceptual change can occur (for a current review
on conceptual change see Lin et al. (2016). The didactic restructuring is based on the
iterative mutual reference between the previously described facets of MER (Clarification
and Analysis of Science Content and Recording Students’ Perspectives).

2.2. The Universal Design for Learning Diclusive

The Universal Design for Learning diclusive (UDL diclusive) is a framework for
teaching with digital technologies in inclusive classrooms (Böttinger & Schulz, 2021, 2023a,
2023b, 2023c). Used for lesson planning, it points out different ways to consider the “full
range of learners’ natural variation of [learning] styles, needs, and preferences” (Dalton,
2017, p. 27) to enable all learners to participate in class, to follow the lessons and successfully
work on the tasks given. On the other hand, the UDL diclusive can help to reduce or
eliminate barriers and risks of exclusion, which emerge from the use of digital technology
itself or from learning environments designed for a more or less homogenous group of
learners (Nieminen & Pesonen, 2019, p. 2). For example, students can easily be overstrained
using digital technologies, because a higher amount of self-regulated and self-planned
learning is necessary (Schaumburg, 2021). Other learners have hearing impairments or
reading difficulties. In this context, the framework supports teachers to provide appropriate
kinds of learning support with digital technologies.

The UDL diclusive has two theoretical roots. On the one hand, the discussion is
about combining the two main topics, inclusion and the use of digital technology in
classrooms (Bosse et al., 2019; Filk & Schaumburg, 2021), or, as we call it, diclusion as
a neologism made of the words inclusion and digital technology (Böttinger & Schulz,
2021; Schulz & Böttinger, 2022; Schulz & Krstoski, 2022). On the other hand, it is based
on the Universal Design for Learning (CAST—Centre for Applied Special Technology,
2018). As a didactic concept with various basic principles to support learning, it follows
the four primary principles of inclusive teaching (Salend, 2011), like equal access for all
learners, sensitivity to strengths and challenges, reflective practices and differentiated
instruction and an established community, where collaboration is essential. Normally,
schools’ curriculums aim at more or less homogeneous groups of learners. The UDL is
trying to meet the different learning needs by enhancing intentional lesson planning and
personalized materials: “With UDL, teachers design lessons in such a way that all learners
can access the material, engage interest and express knowledge” (Pilgrim & Ward, 2017,
p. 283), including those with disabilities or different learning needs. The aim is to offer
multiple learning opportunities, rather than focusing on the weakness of students.

In sum, the UDL can be used to provide appropriate instruction and to give all students
equitable access to learning (Boothe et al., 2018, p. 3). In comparison to assistive technology
(AT), there is one difference that explains the UDL’s benefit in a descriptive way: “UDL
is proactive and anticipates the potential needs of students, whereas AT is reactive and
responds to student needs as they arise” ((Boothe et al., 2018, p. 3). This proactive approach
is the reason why the UDL can be helpful for all learners. For example, studies showed
that subtitles can be used as some kind of universal support, as most of the learners benefit
from them (Kent et al., 2018; Linder, 2016).

2.2.1. The Three Main Principles of the UDL Diclusive

As research suggests, there is no single style of learning that fits the diversity of
learners (see, e.g., Sanger (2020, p. 36) or Friesen et al. (2021)). In order to meet the
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diverse learning requirements, the best way of learning is to expose students to a range of
representations and modalities (see, e.g., Bui and McDaniel (2015); Mayr (2021)). Therefore,
the UDL diclusive relies on three main principles for successful learning, also used in
the Universal Design for Learning, which offers a set of concrete suggestions that can be
applied to any discipline or domain to ensure that all learners can access and participate
in meaningful, challenging learning opportunities (CAST—Centre for Applied Special
Technology, 2018). In the UDL diclusive, these principles are related to learning with digital
technologies (see Figure 2).

(a) Provide multiple means of engagement by stimulation interest and motivation for learning

• by recruiting interest, e.g., by optimizing relevance, authenticity and individual choices
or minimizing distractions;

• by sustaining effort and persistence, e.g., by varying demands and resources to opti-
mize challenges or fostering collaboration and community;

• by supporting self-regulation, e.g., by facilitating personal coping skills or developing
self-assessment and reflection.

(b) Provide multiple means of representation by presenting information and content in differ-
ent ways

• by providing options for perception, e.g., by offering ways of customizing the display
of information or offering alternatives of auditory or visual information;

• by providing options for language and symbols, e.g., by clarifying vocabulary, symbols
und syntax or by illustrating through multiple media;

• by providing options for comprehension, e.g., by activating or supplying background
knowledge or by guiding information processing and visualization.

(c) Provide multiple means of action and expression by differentiating the ways that students
can express their knowledge

• by providing options for physical action, e.g., by varying the methods for response
and navigation or by optimizing access to tools;

• by providing options for expression and communication, e.g., by using multiple media
for communication or by using multiple tools for construction and composition;

• by providing options for executive functions, e.g., by guiding appropriate goal-setting
or by supporting planning and strategy development.

To summarize, the UDL diclusive offers various ways to use digital technologies
for inclusive teaching (Böttinger & Schulz, 2021, 2023a, 2023b, 2023c). For individual
learners, assistive technology can be a relief for different impairments (e.g., screen reader,
digital translator, talker). Furthermore, digital technologies focus on individual ways and
types of learning, as they offer possibilities for differentiation and individualization, and
for adapting teaching and content (e.g., adaptive learning systems, individual feedback,
visualization). With a view to the learning group, especially for knowledge construction
in a collaborative learning environment, digital technologies can be used as tools, e.g.,
for illustration or cognitive activation, by collecting important terms and definitions on a
digital board. Furthermore, active media work has an outcome linked to the content and
the learning process (e.g., video, podcast, interactive book, blog, website). With a wider
perspective, digital technologies are deeply implemented in everyday life. In this context,
digital technologies and media education play an important role in making participation
possible (e.g., regarding media literacy, such as being able to search for information and
identify fake news).
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2.2.2. How to Use the UDL Diclusive in Classrooms

It is valid to assert that the mere use of digital media does not automatically support
learning or reduce learning barriers. Appropriate lesson planning is necessary to consider
the students’ learning needs and competencies. Also, it is important to mention that the
UDL diclusive does not aim at lesson planning or teaching that only focuses on digital
media. Rather, good inclusive teaching needs a combination with common (including
non-digital) methods, materials and didactic approaches (Schulz & Beckermann, 2020).

The separate fields of the framework are not selective; on the contrary, some are
supplementary to others. That is why the focus while planning a lesson should not be on
working through every single one of the nine fields, as the UDL diclusive is not meant to be
some kind of checklist, but is dependent on the content: “It is left to a teacher’s discretion
to add flexibility and options in ways that are best suited to the standards and content
being addressed” (Rao & Meo, 2016, p. 5). Rather, it is meant to help teachers recognize
the different opportunities of digital technologies and the need to adapt the use of such
technologies equally to the individual learners and the learning group, as you will never
find a universal solution that fits all learners or classes.

3. Bringing the Perspectives Together: Planning Digitally Enhanced and
Inclusive Lessons

In order to plan inclusive and digitally enhanced lessons, we suggest extending the
MER by a diclusive step, based on the UDL diclusive, to achieve a learning objective.
The MER, a well-established framework for science lesson planning, provides a strategic
approach to aligning subject-specific content with learners’ perspectives. The addition of
the methodological principles of the UDL diclusive (Böttinger & Schulz, 2021, 2023a, 2023b,
2023c; Schulz & Böttinger, 2022) adds a layer of ideas to enrich these science lessons with
digital-based actions, to make them more accessible for all learners.

In two aspects of MER in particular, we consider an extension to be useful: ‘Recording
Students’ Perspectives’ and ‘Design and Evaluation of Learning Environments’. The
aspect ‘Clarification and Analysis of Science Content’ remains interrelated to the other
two, but can also be considered separately, for instance, through curricular requirements.
Nevertheless, in MER, the science subject matter issues, as well as students’ perspectives,
play an equally important role in lesson planning (Duit et al., 2012). Often, the ‘recording
student perspective’ aspect of the MER refers to students’ perceptions and interest or
attitudes to science. The UDL diclusive as a proactive approach goes beyond that, and tries
to see all diversity dimensions of the individual. With the UDL diclusive, we aim to expand
the MER to include specific support measures for individual students (see Figure 3).

With inclusive learning groups, it is not an easy task to create learning opportunities
that meet the needs of all learners. To design learning environments that are accessible to all
learners, we need the help of digital media. For example, interactivity enables students to
control their own learning process by deciding which content to start with and to obtain the
help they need. Thereby, we suggest a second expansion of the MER, enriching the ‘Design
and Evaluation of Learning Environments’ with digital media to support all learners. The
UDL diclusive offers ideas to incorporate digital media for inclusion at the level of the
actual material.

Integrating MER and UDL diclusive presents several potentialities for inclusive and
digital science education. First, it improves accessibility. MER focuses on understanding
students’ preconceptions and aligning these with scientific concepts. When combined
with UDL diclusive, which emphasizes multiple means of engagement, representation,
and action, lesson plans can be designed to address diverse learning needs proactively.
For instance, digital tools like interactive simulations or videos with subtitles enable



Educ. Sci. 2025, 15, 148 9 of 19

students with auditory or visual impairments to engage more effectively. Furthermore, the
combination encourages self-regulated learning. The UDL diclusive’s emphasis on learner
autonomy complements MER’s structure-oriented approach. For example, interactive
digital media can provide step-by-step guidance and fade-in/fade-out support, allowing
students to control their learning pace as they work on science tasks.
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The combination of MER and UDL diclusive offers a structured, yet flexible, frame-
work for designing lessons, prioritizing inclusivity and digital enhancement. A detailed
methodology includes, firstly, the ‘Clarification and Analysis of Science Content’ (Duit
et al., 2012). This remains a cornerstone of MER, ensuring the science content is accurate,
structured, and accessible. The second step is ‘Recording Students’ Perspectives’ (Duit
et al., 2012). UDL diclusive enriches this aspect by emphasizing diversity dimensions.
Teachers can gather input through digital surveys or adaptive learning platforms, which
help identify individual needs and preferences. Lastly, ‘Designing and Evaluating Learning
Environments’ (Duit et al., 2012) benefits from the combined strengths of both frameworks.
For instance, a digital physics experiment on light refraction can include interactive features
like pause-and-explain videos or adjustable difficulty levels, ensuring that all students can
engage with the material at their level (see next section).

To illustrate this integration, we will present a physics lesson focusing on the refraction
of light.

4. Implementation in the Classroom: An Inclusive and Digitally
Enhanced Learning Environment for Practical Work

In the following, we focus on planning practical work, and want to apply the presented
combination of the frameworks for planning inclusive and digitally enhanced experimental
environments (practical work) in physics lessons. The example presented in this section—a
digitally enhanced, inclusive physics lesson on light refraction—is designed for heteroge-
neous groups of secondary school students (typically grades 7 and 8 in Germany).

Practical work is a central element of science lessons (Committee on High School
Science Laboratories: Role and Vision, 2004). A huge part of lessons is spent carrying out
experiments. Although practical work is a very important part of the regular school routine,
it is not an easy task to design practical work for learners in mixed-ability groups.
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To illustrate the combination of the -mentioned frameworks, we have planned a
teaching unit for the context “(in)visibility”, which centers around light refraction in the
field of optics. The lesson goal is an understanding of how the refractive index influences the
“visibility” of a material. Our instruction is built on a digital experiment. In this, students
work with a video of an experiment, which contains interactive elements such as buttons
offering additional help or controls for the experimental process. The learners are guided
accessibly through the experiment, which is ideal for learners for whom independent
experimentation is hardly possible, e.g., due to physical disabilities.

Our example unit consists of three steps. The unit starts with (first) a demonstration
experiment, in which water beads are made to appear invisible by pouring water over them.
After the demonstration, the teacher (second) collects assumptions about the phenomenon.
In the (third) experimental phase, students determine the material of a rod in an interactive
video experiment. After the experimentation phase, (fourth), the results collected in the
video experiment are compared to the demonstration experiment (Pannullo, 2024).

The following paragraphs describe dimensions of lesson planning following the
structure of MER combined with aspects of UDL diclusive (see Figure 3).

4.1. Example: Clarification and Analysis of Science Content

Geometric optics deals with the propagation of light through optical devices, usually
with the aim of creating an image of an object. In real optical systems, the degree of sharp-
ness of the image is limited by diffraction. For a good approximation, phenomena such
as interference and diffraction, which are due to the wave nature of light, are neglected in
geometrical optics. Instead, an idealized domain is assumed, in which light propagates
in a straight line—as a ray of light. The great simplicity gained outweighs the inaccuracy
accepted in many situations. Thematically, therefore, it is about the “controlled manipula-
tion of [. . .] rays by means of the interpositioning of reflecting and/or refracting bodies,
neglecting any diffraction effects” (Hecht, 2017, p. 159).

In the course of such a manipulation of light propagation, laws for reflection and
refraction can be formulated. When light passes from one optical medium to another, it
changes its direction of propagation, and it is refracted. Part of the light is reflected and
reaches our eye—we recognize that there must be something there (in our example: water
beads). According to Snell’s law of refraction, the angles of incidence and refraction, as
well as the refractive indices of the two media, relate to each other, as follows:

n1 · sin(α) = n2 · sin(β)

The context of our example unit is a phenomenon in which so-called water beads
appear invisible when put into water. The reason for their apparent disappearance is that
water beads and water have a similar refractive index. The refractive index of a medium is a
number that gives the indication of the light-bending ability of that medium. When a clear
material is surrounded by a clear liquid with the same refractive index it appears invisible,
because there is no refraction and reflection (as shown in the calculation below)—all the
light spreads out further, at the same angle:

n1 · sin(α) = n2 · sin(β)

nwater · sin(α) = nwater bead · sin(β)

with nwater = nwater bead = 1.33
1.33 · sin(α) = 1.33 · sin(β)

sin(α) = sin(β)

α = β
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From our point of view, three different complexity levels of the science subject matter
are possible:

• Level 1 (low complexity): Under special circumstances, transparent objects may appear
invisible;

• Level 2: The same refractive index of the object and surrounding material means that
the object appears invisible;

• Level 3 (high complexity): The same refractive index of the object and surrounding
material means that the object appears invisible because there is no longer an optical
interface. This can also be explained by the law of refraction.

4.2. Example: Recording Students’ Perspectives + Individual Support Needs

Students need an adequate understanding of how light interacts with matter. From
their everyday observations, learners often have the idea that light “stays” on non-
transparent surfaces because a bright spot is visible at that spot. What is obviously difficult
is the fact that the interaction—i.e., reflection and refraction—also takes place on matter
that is transparent (but has a different refractive index).

With regard to the reflection of light, many learners have the idea that light is similar
to a billiard ball on the rail or a football on the goal post. This idea is characterized by a
“bounce”—without any further influence on the interaction partners. In the context of our
example lesson, the students must therefore become aware that the interaction of light and
transparent materials depends on their refractive indices (Schecker et al., 2018).

With this subject, it can be necessary to provide options for recruiting interest; for
example, learners choose the experiments they want to carry out (Sührig et al., 2021). Fur-
thermore, to help with the understanding of the materials (e.g., when you have students
in your class that have reading difficulties) the experiment should be accompanied by
experiment manuals and worksheets that use, for instance, icons, screenshots and photos
to support the written information and explain key words and technical terms. Another
possible option would be the implementation of audio files, so that reading literacy be-
comes less important. For accessibility, it can be significant to provide visualization (e.g.,
subtitles) as alternatives for auditory information, or audio descriptions or screen readers
as alternatives for visual information. Further examples can be found in Table 1.

Table 1. The elements of the digital extension of UDL diclusive and the implementation of these
elements in the digital video experiment.

Element of UDL Diclusive Implementation by the Example of a
Digital Video Experiment Additional Value

“Produce appropriate content and
media for or with learners, e.g.,

interactive exercises [. . .]”

The digital video experiment
contains interactive elements such as

buttons.

Interactive elements are necessary to
allow the learners to actively engage
in the experiment. In addition, the
students can control their learning

process independently, e.g., by
choosing whether they want to watch
a certain sequence of the video again.

in order to solve one of the
intermediate tasks. The students can
make their own decisions regarding
the help that is shown, e.g., they can
only accept the support that they feel

is necessary.
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Table 1. Cont.

Element of UDL Diclusive Implementation by the Example of a
Digital Video Experiment Additional Value

“Formative and summative assessments,
individual feedback [. . .] and immediate

feedback via learning software”

Observation questions during the video
experiment and an experiment

evaluation at the end offers feedback.

The observation questions help the
students to focus on the observation task
of the experiment and give clues on the

way to solving the tasks. Feedback via an
experiment evaluation offers anchor

points for the students, as students can
repeat the experiment, if necessary, to

arrive at the correct solution. This
encourages a positive approach to
mistakes and enables students to

continue learning.

“Emotional activation by including
digital media and digital environments

learners face in their everyday life”

The learners run the digital video
experiment on regular school tablets and

computers or on their own devices.
Videos are part of their everyday life (for

example, YouTube).

Videos (e.g., on Youtube) are part of the
everyday life of the students and,

therefore, often have a motivating effect.
As videos are used a lot, the elements of
the video experiment (e.g., the play and

pause button) are known, and should not
be a barrier for the students.

“Allow cooperation and collaboration
using real time tools for text work or
collaborative media production [. . .]”

The learners can choose their social form
(group work, partner work, single-person
work) when working on the experiment.
Collaborative work is possible with an
e-portfolio because they can compare

their observations or results in real time.

Collaboration is an important element of
lessons, and having an experiment that

allows different social forms is helpful for
natural and non-pressured collaboration
in interaction with the learning material.

“Present information step by step (e.g.,
using bookmarks) and provide additional

notes (e.g., additional links, tips,
illustration, digital helpers).”

The video experiment is divided into
different sections that learners can jump

between. Each section is linked to an
observation and contains textboxes with
additional information, comprehension

questions and help buttons.

It is not only students with attention
difficulties who profit from a structure in
experiments because they can skip and
go back and adapt, in this process, the

experiment, to cater for their individual
needs. The small-step presentation and

the intermediate tasks divide the
experiment into small and clear learning

sections. All learners benefit from this
reduction of complexity in the sense of

the Cognitive Load Theory (Sweller et al.,
2019), but especially students with

learning difficulties. The possibility of
choosing from different options for action

before each further step is a further
learning support that also allows

mistakes in the previous steps to be
corrected.

“Use visualization to highlight syntax
(e.g., marking syllables or key words) and

text structure (e.g., paragraphs of
contrasting color).”

Technical terms and key words are
printed in bold in the experiment

instructions.

The learning of subject specific terms is
crucial to approach the professional

jargon of physics and be part of
discussions in the subject. Also,

highlighting key words and technical
terms supports students with reading

difficulties.

“Excite understanding and transfer by
providing appropriate task design (e.g.,
examples, tutorials, explanations) and

pursuing questions.”

The experiment instructions contain
further information and examples.

Examples and further information help
learners to understand and perform the

task better, so that every student is able to
make scientific observations. Again,

students can choose the support they need.
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Table 1. Cont.

Element of UDL Diclusive Implementation by the Example of a
Digital Video Experiment Additional Value

“Use software and assistive technologies
to enable access to information (e.g., eye

or touch control).”

The digital video experiment runs on
several platforms and devices. It is often

used on tablets with touch control.

The digital experiment is highly
accessible because you do not need any

specific software. Furthermore, it offers a
great range of customization options. For

example, the playback speed can be
reduced and the display and contrast of
the video can be increased, to facilitate

observations.

4.3. Example: Design and Evaluation of Learning Environments + Digital Media

While developing the learning environment and choosing materials, we should keep
in mind that the experiment is accompanied by experiment instructions that enable the
learners to carry out the experiment autonomously.

For the digital experiment, we chose a video of an experiment, which was digitally
edited with the Software H5P Interactive Video Library (version 1.22) to add interactive
elements (see Figure 4).
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periment is available under the link https://www.tinygu.de/OoYh5 (accessed on 3 November 2024).

Interactive video experiments are a great mode of experimentation for mixed-ability
groups because students are guided through the experiment and are able to make observa-
tions without reading (or following) the instructions. Video experiments are low-threshold,
and they do not need to be set up or put away. They offer an additional layer to the
real experiment, and contain information, help and assessment (such as multiple-choice
questions for predictions, observations and/or outcomes). Furthermore, they are suited to
learners who are limited in their ability to carry out experiments independently. Students
can work at their own pace and watch or pause the video experiment as many times as
necessary. Table 1 shows how the practical implementation of the guidelines of the UDL
diclusive can be realized in such a video experiment.

https://www.tinygu.de/OoYh5
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5. Discussion
In this paper, we have presented two sophisticated and widely accepted frameworks

for lesson planning: one is the Model of Educational Reconstruction (MER) and the other
is the Universal Design for Learning diclusive (UDL diclusive). For contemporary lesson
planning, we propose to consider both frameworks. For this purpose, we suggest an exten-
sion of the MER by elements of the UDL diclusive. In Section 3, we answered the research
question on how MER and UDL diclusive can be combined to facilitate the planning of
inclusive and digitally enriched science lessons. We illustrated our consideration with
lesson planning for practical work in optics based on MER, highlighted the additional value
by using UDL diclusive in Table 1, and answered, with this, the second research question,
“What does such a lesson look like?”.

With MER, the didactic community has a mature model for developing teaching,
curriculum, and research design, at its disposal. Based on constructivist and learning
psychological considerations, the subject-related dimension (‘clarification and analysis of
science content’) interacts with student aspects (‘recording students’ perspectives’). The
content dimension is not limited to the restructuring of scientific content, but also considers
aspects of learning about natural sciences and the relevance of science in daily life and
society. In recording students’ perspectives, the focus so far has been on preconceptions
and affective variables like interests, self-concepts, and attitudes. Thereby, the aspect of
inclusive teaching seems to us to be under-represented in the MER.

From our point of view, the more general pedagogical concept of the UDL diclusive can
make a significant contribution here. Supplemented and adapted to include the possibilities
of digital media (we called it “diclusive”), it also receives a qualitative upgrade and
sharpening in lesson planning (‘design and evaluation of learning environments’ in MER).
Furthermore, it enables teachers to take the different learning requirements in inclusive
classrooms into account by referring to the three main fields: means of engagement, means
of representation and means of action and expression.

From our point of view, previous efforts to implement inclusion in science teaching
have been limited to developing specific teaching materials (Baumann et al., 2018; Klautke
& Theyßen, 2021), professionalizing students at universities (Schlüter et al., 2018), and
promoting particular students’ competencies, such as experimentation competence, in
specific scientific research methods (Brauns & Abels, 2021; Klautke & Theyßen, 2022).

Aiming for scientific literacy for all, in Germany, the “network for inclusive science
education” (NinU) focuses on two perspectives framing learning arrangements at school
(Stinken-Rösner et al., 2020). Similar to our approach, they also consider the educational
and pedagogical perspectives. Different to our approach, their pedagogical perspective has
recourse to the index for inclusion (Booth & Ainscow, 2019) instead of the UDL diclusive.
A further difference lies in their educational perspective, based on Hodson (2014). Using
these two perspectives, they create a matrix which leads to searching for appropriate tasks
in learning arrangements (Stinken-Rösner & Hofer, 2022). This connects to our approach of
planning science lessons, by using the described—and well-established—frameworks of
MER and UDL diclusive.

We see our proposal of combining MER and UDL diclusive as a contribution to the
development of teaching. The proposal will have to undergo empirical testing in teaching
practice. We see the need for empirical findings, particularly in practicability in everyday
school life. A possible question would be to what extent the proposed structures are helpful
for teachers in their lesson planning. Overall, empirical findings on the effectiveness of
inclusive lesson planning for science lessons have been rare, and further efforts are needed
(Abels, 2015; GFD—Gesellschaft für Fachdidaktik, 2015). This finding is not surprising,
since any empirical studies would face the dilemma of comparing politically and socially
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required inclusive teaching with teaching without inclusive considerations. Empirical
evidence should not aim at whether learning is better or whether the students’ learning
performance is improved (the limitation of inclusion to a cognitive perspective). Inclusion,
from the perspective of involvement and participation, also means giving all students
access to learning. We believe we can meet this requirement with our approach. We would
like to encourage teachers and science education researchers to rethink science teaching
based on our diclusive teaching approach, and to broaden the widely known MER.

6. Conclusions
With the proposal to expand MER to include inclusive and digital aspects through the

UDL diclusive model, MER, as an established model for lesson planning, is experiencing
further contemporary development. This extension is essential and expedient for the
training of pre-service teachers at universities and the professional development of teachers.

While this paper is primarily theoretical, the proposed framework’s potential is illus-
trated through a practical example. We were able to show how the framework was used to
plan inclusive lessons using digital media, in the example of a teaching unit on optics. The
approach shown in the article can also be used for other planning processes.

Future work will focus on empirical testing and refinement of the framework in real
classroom settings. Limitations include the challenge of addressing diverse national educa-
tional contexts and missing empirical evidence. Further research will explore the proposed
approach’s effectiveness and its adaptability across disciplines and educational systems.
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