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Abstract: This article highlights the importance of play as a learning approach in early physics
education. It demonstrates the concept of an innovative didactic method that combines children’s
free play with physics learning in kindergarten. This play-based learning approach enables children
to experience and recognize physical laws in a self-directed, action-oriented, and playful manner.
The article provides concrete insights into how kindergarten teachers can stimulate physics-related
learning moments, starting from free-play situations. Moreover, it points out the teacher’s crucial
role in creating suitable play environments, providing feedback in play, and facilitating shared
thinking after play. The article is based on the didactic development project “je-desto”, which aims to
promote play-based science learning in kindergarten by familiarizing kindergarten teachers with this
promising didactic approach. Accordingly, this article provides kindergarten teachers and experts in
subject didactics an answer to what play-based physics learning can look in practice.
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1. Introduction

When children play, they learn [1]. This statement is clearly expressed in the new Swiss
curriculum for kindergarten and primary schools, and highlights that playing and learning
are not opposing activities, as is often assumed in everyday life [2,3]. Playful learning
approaches combine free play with guided play, and enable children’s joyful, self-directed
activities as well as the acquisition of knowledge and competences [1,2,4,5]. The importance
of play as an effective learning opportunity—even for subject-related competences—is often

still unrecognized in kindergarten practice. Early education programs usually take the
form of guided sequences or direct instruction [2,6,7]. In comparison to directed instruction,
however, play-based learning has been proven to be more effective for the learning of
young children [8-11]. This finding was also evidenced for natural science learning in
kindergarten: children achieved a greater understanding of scientific concepts when they
learned about science through play, rather than through direct instruction [11]. By playing,
children are intrinsically motivated, capable of maintaining high and long-lasting attention
in their activity, and can internalize new insights through the repetition of and variation in
actions [1,12].

However, children’s free play alone—without a structure actively supplied through a
teacher—is not sufficient to achieve subject-related learning goals [2,5,13-15]. It requires
suitable play materials and content-related learning environments that engage children’s
interest but also make them curious to explore further and develop new experiences
and insights [1]. Self-directed playing with materials and talking about them with other
children or a teacher can bring the playing child into a cognitive disequilibrium. Such
Attribution (CC BY) license (https:// cognitive imbalances can be considered as the starting points of learning [16,17]. As
creativecommons.org licenses /by/ per constructivist theory, learning means building on existing cognitive structures and
10/). rearranging them: synaptic connections are built, rebuilt, and broken apart. The basis
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for these neurobiological construction processes are sensory impressions, actions, social
interactions, and reflection [18], which can also be triggered by playing.

To foster learning in play, the teacher should design an environment in kindergarten
that meets some criteria. It should be orientated around the children’s interests and the
living world, around children’s learning and development levels, and around learning
goals. It should give children rich possibilities for acting with and handling materials,
allowing for self-direction and differentiation to challenge but not overwhelm children.
Social interaction should also be included in the playful learning environment to facilitate
co-constructivist learning [2,19-21].

In addition to designing such playful learning environments, the teacher should
closely observe children’s play and engage with the interests and thoughts of the children.
The teacher’s task is to discover how a child can be further stimulated to learn through
play and to provide the appropriate scaffolds. All of this is a challenging task and not easy
to plan, as the teacher must be open-minded to the child’s interests and needs in the play
situation. It is important that the child always has the feeling of agency and autonomy
during play. Thus, to encourage children in play, the teacher must find a balance between
restraint and active engagement [2,22-25].

This article presents the theoretical concept of an innovative didactic approach for play-
based physics learnings in kindergarten that aims to meet all these mentioned requirements.
Subject-specific, play-based learning approaches are rarely mentioned in the literature and
are not well known among teachers and experts of science didactics; therefore, we will
show how a kindergarten teacher can stimulate physics-related learning moments starting
from free play. First, we provide a theoretical overview of the concepts of playing and
science learning separately, after which we bring playing and learning together as one
unit; next, we consider curricular standards as well as methodological play approaches in
early science education, identifying teacher training needs. Section 2 is devoted entirely
to presenting the innovative didactic approach of the “je-desto” project. Using a concrete
example, we provide insights into how play-based physics learning can be implemented in
kindergarten practice. Finally, in Section 3, some experiences of this play-based learning
approach are demonstrated and pedagogically reflected upon. In addition, the paper will
report on how the didactic project “je-desto” in Bern, Switzerland, has been developed in
the past and how it will move forward, focusing on the promotion of science learning in
kindergarten free-play settings through training and familiarizing kindergarten teachers
with this promising approach [26].

1.1. Children’s Play

Play includes a wide variety of activities, and therefore it is not easy to define play [19].
Adults often define play simply as the opposite of work and see play as a typical leisure
activity for children; by so doing, they position play as lesser than work. Seen differently,
however, it is precisely play that is the occupation of children: their work, as it were [27].
Even the physicist Albert Einstein recognized the special value of play, expressing that play
is the highest form of research. Moreover, the pedagogue Friedrich Frobel stated that play
is not just playfulness but has high seriousness and deep meaning [28]. The importance
of play in childhood is underlined by the fact that the right to play was included in the
UN Convention on the Rights of the Child [29]. Especially in early childhood, play is the
key activity in promoting child development, not only in kindergarten but also outside of
educational institutions [30]. The play activity of children is, as Einsiedler [31] mentioned,
an intrinsically motivated behavior. It is an activity in which the process is more important
than the results. In this context, Smith and Pellegrini (cited in [19]) distinguished play from
work, as work focuses more on a defined goal.

The reason why children play is explained by several authors. Freud [32] mentioned
that children’s play has the function to help in processing conflict. Children repeat in
their play what they perceive and experience in daily life, and abreact their impressions in
play. Furthermore, they become masters of the situation. The child’s self-control becomes
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characteristic of play activity. Children have agency in play [33,34]. Accordingly, if children
aged four to six years were asked what play is, they would answer that it is the time of
absence of their teachers [35].

According to Freud [32], play is something cathartic and positive for children’s de-
velopment, because it helps children to find an emotional balance as well as discovering
how they fit into their environment. Erikson [36] focused on children’s development of
abilities in controlling reality during their play, and emphasizes that, due to play, children
learn to participate and act in different, important real-life situations. Both Freud and
Erikson understood play as an activity to handle real-life situations and conflicts [37]. In
contrast, Jean Piaget’s [38-40] explanation for why children play starkly differed from that
of Freud and Erikson. Piaget did not assume that children adapt to reality through play,
but that they adapt their reality in accordance with their interests or towards their ideas.
He underlined the importance of not imposing restrictions in play; during play, children
act in a self-determined fashion. In Piaget’s view of play, assimilation becomes dominant
when adapting reality. He supposed that children play because they would like to act in
a way which counters the pressure of socialization and accommodation to the world of
adults. Playing children protect themselves from disturbing external influences caused by
restrictions of the adults. Assimilation is most apparent in symbolic play.

Similar to Piaget, Vygotsky also stated that, children transform the identity of one
object into another one (imaginative object) during play, but he identified a different reason
why children play. In Vygotsky’s view [41,42], children play to fulfill wishes and desires.
He stated that children have unrealistic desires and wishes, to be powerful in a similar
manner to an adult in particular, and since they cannot realize their wishes and desires
until they become real adults, they stage and realize their wishes and desires through their
play in a social act. Children’s wishes and desires are not yet differentiated, such as those
of an adult, and this is evidenced in the (archaic) roles they take on (i.e., fireman, teacher,
astronaut, superman, mom, etc.). According to Vygotsky, play is very important in human
development because it leads to self-gratification: a child, for example, playing a fireman
can save lives in play and derive satisfaction from doing so in an imaginary situation.
Furthermore, it helps the child to use symbols and develop self-regulation. Vygotsky
stated that play always takes place in the zone of proximal development. The zone of
proximal development is the area of the nearest possible development. This would mean
that an individual is capable of solving new problems with the help of an adult or a more
competent peer. Vygotsky [43] aptly said: “In play a child is always above his average age,
above his daily behavior; in play, it is as though he were a head taller than himself” (p. 102).
Whether preprogrammed abilities are fully developed or not depends on social or cultural
contexts. This means that it depends highly on how much other people are engaged or to
which environment a child is exposed [43,44].

Leontjev [45] expanded upon Vygotsky’s culture-historical theory including the activity-
theory. From his point of view, the most crucial aspect of play it is not the behavior which
can be observed directly, but the meaning and motive behind the behavior. The meaning
and motive of the play can be revealed by understanding the child’s developmental con-
text and living environment. Leontjev claimed that play is the most important activity
for preschoolaged children because it offers optimal conditions for developing cognitive
functions.

Oerter [40] tried to define what play is and mentioned that the four most important
characteristics of play are that it “ends in itself”, and that there exists the “change of
important aspects of reality”, “repetitions and rituals”, and the “reference to an object”. By
the characteristic “the play ends in itself”, he understands that the player is fully focused on
his actions or behavior and reaches a status similar to a full cognitive immersion or even a
flow experience. Play is generally accompanied by positive emotions, such as interest or joy.
However, it also means that the play is more important than the ends or that the process is
more important than the goal. Regarding “change of kind of reality”, he mentioned that,
during play, the child distances himself from reality and provides activities and people with
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other meanings and rules, creating their own reality; imagination holds an important role.
With the characteristic “repetitions and rituals”, the fact that children excessively use play
is considered, and so repetitions become a typical characteristic of play. Repetition is one of
the most primitive ways of internalization, as already stated by Freud [46]; something that
cannot be understood has to be repeated until it can be integrated free of contradictions
in other thoughts and is understood cognitively and emotionally. Thus, repetitions are
a rudimental form of learning. With the characteristic “object reference”, it is mentioned
that objects assume a central role in play. Often in the center of play, there is an object
whose meaning is changed in the child’s imagination, i.e., the stick which for some children
becomes a sword. Objects in play can have, for example, a subjective valency, which
means that an object has a certain significance and meaning for an individual, and that this
meaning cannot be shared with others, i.e., the transitional object which many children
bring to kindergarten at the beginning of their kindergarten career; these cuddly toys only
have a special valency for their owner, which other children are usually not interested in.
However, objects in play can also have an objective meaning. In this case, individuals share
the meaning of an object with others. This could be its real meaning, but could also be an
imaginative meaning, i.e., the stick that becomes a sword in a knight duel requires that
children share the meaning that the stick is a sword [45].

On the basis of different definitions from other authors, Hauser [12] also defines
features that are characteristic of play. According to Hauser, an activity must contain all
of the following five characteristics to be considered as play: incomplete functionality,
so-do-as-if, positive activation, repetition and variation, and relaxed atmosphere. With the
characteristic “incompletely functional”, he expresses something important and new: play
is not purpose-free, as older definitions stated, but “incompletely functional”, which means
that play also has functional aspects, but is not entirely functional.

Unfortunately, it is not possible to scientifically prove that playing and learning are the
same thing, but many studies clearly show that children who do not play or participate in
play show various difficulties in the development of skills [47]. Play certainly is, according
to Hauser, an important developmental motor for learning and has an educational value in
itself [12].

1.2. Children’s Science Learning

If we focus on physics learning as conceptual growth, conceptual change, or con-
ceptual reconstruction, it becomes clear that it is an active cognitive process that must
be proceeded in by children themselves with the help of social scaffolds. In this learning
process, existing concepts as well as relationships between them are changed, replaced,
modified, expanded, or assimilated by new cognition. It often requires a fundamental
restructuring of naive concepts into scientific concepts. However, research shows that it is
not an abrupt change between naive concepts and scientific concepts, but rather a gradual
process that may include phases with so-called intermediate concepts and phases, where
differing concepts exist in parallel. Accordingly, scientific conceptual development is a
longer process, in which fragmentary or even false concepts are gradually developed via
intermediate concepts with still limited explanatory power towards a scientific concep-
tual system [27,48-55]. Vosniadou [50,53] emphasizes that the transition from everyday
concepts to scientific concepts is not an actual change, but rather a concept reconstruction
that is by no means voluntary. Generally, conceptual development in science can take
place when children recognize the limits of their concepts through active engagement
with natural or technical phenomena, thereby being stimulated to rethink and try matters
out to likely arrive at a more consistent and coherent interpretation of their observations.
Finally, for the forming and naming of scientific categories and concepts, social scaffolds are
important [48-55]. With the help of the teacher, children can gain “knowledge of scientific
words to label and define their observations” [25] (p. 31).

According to Vygotsky’s cultural-historical theory [56], the key to science learning is
not cognitive conflict (between two thought processes in a child), as Piaget assumed, but
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social interactions with a more competent person [57]. Furthermore, Vygotsky emphasized
that science learning can only take place if the given instructions are in the children’s
zone of proximal development and do not overtax them [58]. In his theory of concept
formation, Vygotsky [56] distinguished between everyday concepts and scientific concepts,
which have two distinct, but dialectically interconnected lines of development. While
everyday concepts are directly related to the world of experience and spontaneously and
unsystematically formed by the child, scientific concepts represent theoretical principles
that are culturally formulated and transmitted via language in a structured, abstract, and
general way. “The process of concept formation came to be understood as a complex
process [ ... ] involving constant movements from the general to the particular and from
the particular to the general” [56] (p. 162). This statement means that abstract scientific
concepts must move downward toward concrete phenomena and everyday concepts
upward from phenomena to generalization. In so doing, both everyday concepts and
scientific concepts can influence each other and transform the entire conceptual system
of an individuum, improving the child’s understanding. Therefore, the teacher’s task
in science lessons is to support the children in linking everyday concepts with scientific
ones (and vice versa) [59]. Everyday concepts are more prominent during early childhood
than scientific concepts; the situation is reversed, however, during schooling [56]. Thus,
everyday concepts are important because they can “lay the foundation for higher-order
scientific thinking” and for the learning of scientific concepts [59] (p. 1967).

Although categories and concepts describe the structure and organization of thinking,
the recognition of cause—effect relationships brings a dynamic into the learning process
because it links several categories and concepts. Already as infants, children can recognize
causal relationships, and they improve this capacity continuously. At the age of four or
five, children make significant progress in causal thinking, mastering, and incorporating all
the basic principles of causal thinking [60,61]. Thus, it can be assumed that kindergarten
children are able to understand simple scientific relationships and recognize simple physical
laws. At this age, children have recognized that causes are necessary for certain effects,
and often ask “why” questions [62]. If no cause is obvious, they actively look for one
if the situation allows it [60,61]. In a chain reaction with dominoes, for example, four-
year-old children demonstrated that they recognize which factors have an influence on
the domino effect (e.g., the distance between the dominoes) and which do not (e.g., color
of the dominoes). Sodian [63] concluded from this study that children can recognize the
underlying relationships of certain effects (e.g., termination or continuation of a chain
reaction).

In other studies, however, it became evident that kindergarten children can form
correct one-dimensional comparative judgments, while two-dimensional comparative
judgments are still challenging for them [64]. Thus, effects in which several variables have
to be considered are more difficult for children to understand. At the kindergarten age,
they usually refer only to one influencing variable when interpreting or estimating a certain
effect, even if it is caused and influenced by multivariate factors [60,64]. In addition to
these findings, further empirical studies [64,65] show that young children are more able
to recognize direct proportional relationships (e.g., the more flowers in the flowerbed, the
denser it is; the more batteries in the circuit, the brighter the light bulbs shine) than indirect
proportional relationships (e.g., the larger the flowerbed, the less dense it is; the more light
bulbs included in the circuit, the less bright they shine). Stavy and Tirosh [65] concluded, on
the basis of several studies, that the rule “more A, more B” is already intuitively applied by
young children (from about 5 years), and leads to successful answers to questions involving
directly proportional relationships (i.e., the more ice cubes in a water glass, the colder the
water; the more sugar in a water glass, the sweeter the water).

Characteristic of early science learning is action-oriented, discovery-based learning
involving individual-constructive and dialogic—cooperative learning. Through their own
experiences and social interactions, children construct and restructure their increasing
knowledge on physical concepts, categories, relationships, and laws. The important thing
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here is to provide children with a learning environment that builds on their interests as
well as prior knowledge and leads them into the zone of proximal development, providing
openness for self-direction but also for appropriate supportive discussion, alternatively
called scaffolding [18,48,66-68].

1.3. Implementing Play-Based Science Learning in Kindergarten

In recent decades, educational policy has increasingly called on teachers to foster
academic standards, even in the early years. With this educational mission, play pedagogies
became more and more important in their role as a developmentally appropriate method
to achieve the curricula expectations already in kindergarten [1,10,11,25,59,69].

In most cantons of Switzerland, kindergarten is part of the compulsory schooling
that take place over 11 years in three successive cycles. The two years of kindergarten
and the first two years of primary school form cycle one. According to Swiss Curriculum
21, play-based learning is characteristic of 4-8-year-old children in cycle one. Especially
in kindergarten, play is emphasized as the central form of learning, whereas during the
school years, it is gradually replaced by more systematic learning [1]. A special feature of
Curriculum 21 is that, for each subject, it predefines a progressive build-up of competencies
that pupils are expected to develop cumulatively over the three cycles. This means that
subject-specific competence expectations are already specified for kindergarten [1,70]. The
physics-related competence formulations for cycle one are integrated into the interdis-
ciplinary subject “nature-human-society”, and map a small-step learning path in which
the physical concepts can be increasingly expanded and differentiated [70]. Several stud-
ies [71-74] show, however, that cycle-one beginner trainee teachers generally do not enjoy
teaching physics topics and often assume that physics is complex and difficult to under-
stand. These attitudes and beliefs are often based on trainee teachers’ experiences of
systematic physics learning in school. As physics education in cycle one can be taught
on a simple competence level and in a playful way, it is very important that kindergarten
teachers acquire some insights in their training and further education into how they can
support children in learning simple physical concepts and relationships through play.

International studies [10,11,59,75] show that even in-service teachers are often un-
familiar with didactic approaches that foster play-based science learning, and it can be
stated that there is generally a lack of knowledge about how to use play to promote science
learning. Furthermore, Bergen [76] detected that some “educators’ perspective about play
are limited to the developmental benefits of play but fail to consider the academic learning
opportunities” [10] (p. 63). Such educators “implement child-directed free play without
considering the role of the educator in extending the learning potential of this play and
creating playful learning opportunities for children” [10] (p. 63). According to Edwards and
Loveridge [77], it is also common that “teachers do not consciously recognize the learning
opportunities existing in their preschool context because of a lack in pedagogical awareness
of how to teach science in everyday preschool settings” [70] (p. 1965). Likewise, Gomes and
Fleer [59] highlighted that “teachers in the same preschool settings have different levels of
science awareness for the possibilities of informally teaching science” (p. 1961). Pyle [10]
concluded therefore that “practitioners need to be taught” about play-based learning and
that there is a need for “descriptions of diverse methods for implementing play in the
learning environment” (p. 63). The findings of a study in Zurich, Switzerland, also show
the need for Swiss kindergarten teachers to further develop play as a form of learning [6,78].

Different approaches to play-based science learning have been considered by inter-
national research. According to Tunnicliffe and Gkouskou [79] and Fleer [80], children
exhibit science-specific behaviors during play activities and are able to become familiar in
such situations with everyday science concepts. Therefore, Tunnicliffe and Gkouskou [79]
recommendedfirst providing preschool children with free-choice activities in which science
experiences are made before the teacher implements the “specific activities targeted to
introduce a particular scientific concept” (p. 4). In this sense, Larson [81] emphasized the
importance of capturing children’s perspectives, motives, and interest in play, capitalizing
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on them for science learning. Moreover, Pramling Samuelsson, and Asplund Carlsson [82]
generally advocated in their theory to start with children’s experiences that allow variations
and repetitions to discern a concept and gradually develop a conceptual understanding. In
such a “playful learning environment, the teacher’s intention is to get the child to think,
reflect (think about their thinking), and verbalize” [11] (p. 229). Therefore, communication
and meta-communication are important final stages of play-based learning, which the
teacher must initiate [82].

In contrast, Sligoris and Almeida [83] suggested that teacher-guided play should take
place before child-guided play. Teacher-guided play, can introduce children to science
concepts and related terminology so that children know which science concepts to focus
on and explore during child-guided play. However, results showed that an introduction
at the beginning is not enough: “Teacher involvement during the child-guided play was
also important to support the children’s learning” [83] (p. 1590). In the end, it is always
crucial that the teacher consciously connects children’s play with “the science concepts,
and the relationships between these” [83] (p. 1590). Following the cultural-historical theory
of Vygotsky [56], Fleer [80] reached the same conclusion; she stated that playful events
need the “teacher as mediator” so that everyday concepts and scientific concepts can be
interlaced. She noted the following in a study: “When children are given progressively more
everyday experiences [in playful events], without a corresponding matching of scientific
concepts, then [ ... ] children work horizontally only [at the level of everyday concepts]
and do not engage in other ways of thinking as they interact with their environment” [80]
(p. 301).

According to Fleer [84] “there is no model of play specifically developed to support
science learning” (p. 3). Therefore she adopted the known approach of Playworlds into “a
model of teaching science in play-based settings” and called it the Scientific Playworlds [84]
(p- 1). This didactic approach shows “how scientific reasoning in guided imaginative play
can be designed into play-based teaching programs so that preschool teachers intentionally
engage young children in scientific thought in play-based settings” (p. 1). With this
approach, the teacher is typically part of the play and helps to build a “collective imaginary
situation” by telling a story and introducing the children to an “imaginary conceptual
playworld space”. In this context, the teacher defines the meaning of certain devices or
tools and creates a problem set to be solved by the teacher and children entering into this
playworld. Thus, in this model, the teacher not only influences the play setting but also
the play development [85] (p. 5)—this “appears to be unique about playworlds” [84] (p. 3)
and means that this play approach is strongly guided. Furthermore, “in this study, wonder
was not something that was naturally within the child as a scientific way of interacting
with the environment, but rather wonder was socially produced by the teachers through
how they continually spoke about the environment, events, and introduced activities” [84]
(p- 14). Overall, no matter which play-based approach is considered, it is crucial that the
children build an emotional connection to the environment that motivates and engage them
to further explore the scientific concepts [86]. “Without the establishment of a long-term
relationship between the world of science and the child”, a strong conceptual base cannot
be built [84] (p. 64).

A project called “je-desto” [26] has been successfully utilized on another innovative
approach for playful science learning over the last several years—even before introducing
the new Swiss Curriculum 21. It is based in Bern, Switzerland and is presented in more
detail in the following section. The project follows the general play-based learning ap-
proach of Pramling Samuelsson and Asplund Carlsson and other previously mentioned
authors, where knowledge is to be developed on the basis of the children’s experiences
with materials and their variations. The central question of this new approach is how the
tangibility of physical phenomena can be brought to light through the design of a didactic
setting in which the children can encounter these phenomena in a self-directed way. The
explicit naming of physical laws is deliberately not performed at the beginning, but after a
self-directed, language-barrier-free, active and exploratory play period. Thus, language
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plays a different role in this approach than in the model of Scientific Playworlds [84], where
the language represents a key competence for participating in a collective imaginary play.

2. An Innovative Didactic Approach for Play-Based Physics Learning in Kindergarten
2.1. Background and Aims of the “je-desto” Project

The “je-desto” project [26] was originally a grassroots movement from kindergarten
practice in the canton of Bern, which, through years of development work, has established
itself as a project funded several times by the Swiss Academies of Arts and Sciences. The
impetus for this play-based physics learning approach was the recurring question asked
by children in group discussions or instructive settings: “When can we go and play”? The
project started in a kindergarten in Bern, with a kindergarten teacher, Nathalie Glauser-
Abou Ismail, who had the idea to integrate science learning into kindergarten free play.
Consequently, there were numerous stimulating discussions among the team and teaching
staff on how to achieve this integration. The pivotal points are the physical laws, which
should be experienced by the children independently through play. In other words, it
should not be the teacher who familiarizes the children with these physical laws; instead,
the play environment itself should lead them to these insights. More and more interested
colleagues have joined this project and have entered into an exchange to create suitable
playing environments that are stimulating and educational for children, but that also allows
a wide variety of play options. Since 2013, the “je-desto” project has been developing
evidence-based free-play activities to promote STEM (science, technology, engineering, and
mathematics) at the kindergarten level.

The didactic approach of “je-desto” is based on the following characteristics of learning
theory and competence-oriented teaching [68]: (I) The development of competencies is
understood as a continuous, cumulative process, which, however, proceeds very differently
for individual children. With regard to kindergarten, it must be assumed here that, due to
the very different previous experiences of the children, competence building starts in very
different places and at different times. Kindergarten teachers must first be able to obtain an
overview of the different stages of prior knowledge. (II) Assuming that people always learn
based on and connected to their previous experiences and beliefs, it is important to have
both insights into learners’ prior understanding at the beginning of the lesson and insights
into the corresponding changes and competence developments during the course of the
lesson. (III) Competence orientated learning opportunities should help children to perceive
and understand situations as actively as possible, and to act accordingly. The new applied
knowledge should be transfered to new situations. (IV) Learning opportunities should be
open enough so that they can be used in different phases of development. However, they
should also contain structuring aids for the procedure and the content. (V) It is important
that teachers adaptively accompany learning processes, i.e., they should support learning
processes along children’s respective levels of cognition and, starting from there, lead them
into the zone of proximal development. (VI) The concepts learnt are co-constructed, based
on experiences and social interactions, and are transmitted via language. For children in
kindergarten, learning subject-specific content, therefore, also means learning language,
because their vocabulary has to be developed.

Thus, the didactic approach of the “je-desto” project has several objectives. First, it
aims to realize a didactic setting for play-based physics learning that allows kindergarten
teachers to capture and take into account kindergarten children’s different development
levels. Second, it aims to offer kindergarten children a play environment where they can
experience and recognize physical laws in a self-directed, action-oriented, and playful
manner. Third, it demonstrates how kindergarten teachers can adaptively accompany
children’s play and learning process, finally leading to the naming of self-discovered
scientific laws in the play environment. Beyond that, the “je-desto” project itself aims to
familiarize kindergarten teachers with this innovative didactic approach, so that they are
able to implement play-based environments in kindergarten, which will promote science
learning in young children.
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The special methodological feature of the “je-desto” project is that it takes free play
into account as a structural element that has an impact on learning, and thus shows new
possibilities for promoting subject competence in an age-appropriate way. Therefore, the
offerings of play for competence promotion should not only be enriched in terms of subject
didactics, but they should also be somewhat nonfunctional, because incomplete function-
ality in children’s play processes is—followings Hauser’s definition [12]—an essential
characteristic of play.

However, in this context, a differentiated interpretation of “free” play in kindergarten
should be emphasized. In many respects, free play in an institutional setting is anything but
free: it depends, among other things, on many structural circumstances, such as the spatial
conditions, the resources and materials available, the social structure and relationship
cultures in the class, and, last but not least, the teacher’s understanding of their role
during the free-play phase. This understanding of the teacher’s role is expressed, on the
one hand, in the time frame that the teacher makes available to the children on a daily
basis, and surveys have shown that the actual number of minutes per unit varies greatly
from kindergarten to kindergarten. Various authors [7,12,87] state that immersion in play
processes requires time, and that this should not be displaced by instructional, goal-oriented
learning. Instead of this, in the approach of the “je-desto” project, it is stated that the free-
play time should be used as fruitfully and meaningfully as possible, for the development
of competences. Free play has several advantages for learning. The children show in the
free-play time their highest level of activity and do not need external reinforcers, because
the play itself is fun for children, and thus, it is joyfully repeated and varied by the children
themselves.

In the following sections, an example from the free-play settings of the “je-desto”
project is used to describe how free-play situations can be designed to enable self-directed
physical learning (Section 2.2). The sections also show how the teacher can offer the
child feedback during play (Section 2.3), and how the child can ultimately move from
experiencing to recognizing and naming physical laws (Section 2.4). Finally, the special
role of the morphosyntactic structure “je-desto” (the more ... ., the ... ), which gives the
project its name, is described (Section 2.5).

2.2. Designing a Free-Play Setting with Science Learning Potential

The preparing of a free-play environment is central to implementing the didactic
method of the “je-desto” project. A designed free-play corner in the kindergarten invites
the children to engage with experiences from their lifeworld and is oriented towards
science-related competencies. Thus, it creates a clear framework for the children as well as
the teacher, in which, however, there is still enough openness for self-directed playing and
individualized learning.

Let us take the free-play idea CINEMA as an example: here, the optical phenomena
can be played with. For this free-play activity, an overhead projector, a large cloth, a
curtain rail, and a tape are needed—as is space, for example, a corridor. A railway track is
stuck to the floor with tape, and the overhead projector is placed on a low wooden trolley
so that it can be played with at the children’s height and moved back and forth on the
stuck-on railway track. A sheet hung on a curtain rail becomes a screen that can be pulled
or pushed aside as needed (see Figure 1). Behind the curtain there is a row of chairs, where
children in the role of spectators can sit and watch a “cinema movie”, only seeing the
optical phenomena that are projected on the screen by some children on the other side of
the curtain. For these projections, the teacher can provide various materials such as the
followings: two- and three-dimensional figures, and colored or color-printed foils, which
could be placed on top of each other. The number of variants in objects can deliberately be
reduced or expanded—potentially by the children themselves.
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Figure 1. Free-play setting CINEMA.

This environmental setting in a kindergarten allows for many different play situations
and stations at the same time: children can place any or given objects on the operating
overhead projector and observe on the screen how the three-dimensional objects are trans-
formed into two-dimensional shadows/projections in plan, elevation, and side elevation.
In the space between the overhead projector and the screen, children can play shadow
theatre. Behind the screen, watching children can sit and marvel at what is happening on
the screen (see Figure 2).

Figure 2. Before the curtain: creating own scenes on the overhead projector. Behind the curtain:
watching the created scenes on the screen in the free-play CINEMA.

The play design in the different locations of the CINEMA setting can be very different,
and depends entirely on the child or the group of children. Different play and learning
focuses can already be observed at the overhead projector: some children will only look at
the objects on the overhead projector and marvel at the light (in)transmission of the objects,
while others will only look at the projections on the screen and control their eye-hand
coordination entirely through this spatial optical phenomenon. On the overhead projector,
several objects can be related to each other, and even small scenes can be created with
the figures and their respective projections—during such play, children can find out how
figures must be placed on the projector so that they also become visible as figures on
the screen, or that, surprisingly, even new, abstract figures will emerge in the projections,
depending on how they place an object (see Figure 3). Some children may not even bother
with the question of representation on the screen and just play with the figures on the
projector, or they may build towers with the objects. This is legitimate in free play, and is
hence allowed.
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Figure 3. Playful exploration of shape, color, size, and proportions in the free-play CINEMA.

Of course, on the other hand, in the free-play CINEMA setting, there will also be
children who were very impressed by the fact that such small figures on the projector can
become large projections on the screen. A child can also take a similar play figure and hold
it up to the representation on the screen to better grasp the difference in size (see Figure 3).
Maybe they will also come up with the idea of making the projection of the figure even
bigger, or as small as possible. Randomly or deliberately moving the overhead projector
placed on the trolley can create new possibilities in the free play. Additionally, the children
can recognize, by playing in the CINEMA, the rule “the more ... , the ... ”: the further
the overhead projector is from the screen, the larger the projection; the closer the overhead
projector is to the screen, the smaller the projection.

In the space between the overhead projector and the screen, a further rule of “the more
..., the... ” can be recognized sooner or later when children play shadow theatre. Some
children often prefer this setting to play shadow theatre with other children; maybe even in
front of a backdrop created by other children on the overhead projector. They can try to
play conscious scenes or just move freely in this space. In the beginning, many children
simply enjoy performing or dancing for the other children behind the screen. Through
various body movements, as well as moving forward and backward, they will casually
realize that their shadow is changing—including in size. Thus, playing with peers can be an
important activation mechanism and a possible source of motivation of the offerings of free
play. In this social context, physics-specific learning can become accessible and interesting,
because children can have their first emotionally positive experiences in a subject-specific
learning field, together with their friends. The railway track glued to the floor between the
overhead projector and the screen supports some children to already orientate themselves
and note that the size of their shadow changes with their position in the room; the closer to
the light source a child’s body, the larger the shadow on the screen.

Behind the screen, the watching children sit and marvel at what is happening on the
screen. Some children will remain seated. Others will go to the screen, somewhat cheekily,
and look behind the curtain at what causes this to happen. Alternatively, to put it another
way: they are in a cognitive disequilibrium and therefore check their concepts.

Finally, as soon as the light of the overhead projector is turned off, the projections and
shadows disappear, and the cinema performance is over—but only until the next free-play
sequence in the CINEMA begins.

As a typical feature of a competence-oriented learning setting, the content is open
in the free-play setting CINEMA, and the focus can be set by the learners themselves.
Regardless of the focus of the chosen activity, the ray theorem of optics is effective in this
free-play offer.

In contrast to other learning environments, a free-play learning environment makes it
possible to experience specific subject content without the teacher being present, controlling
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or directing the children’s play processes. Nevertheless, the teacher had, in advance, the
important task of designing such a free-play setting, where it is possible to experience and
recognize various physical laws through free-play activities.

The free-play idea CINEMA establishes a relationship to the living world of children.
It embodies part of the basic conditions of children growing up, such as imprinting through
visuals, two-dimensional experiences, and media experiences. The way in which this
relationship to the world of life is represented is fundamentally open. The focus is on
creating an experiential space in which children can experience, recognize, and name
physical relationships and laws. In the free-play activity CINEMA, there were reliable
expressions of the rule “the more ..., the ... ” of optics: the closer I am to the light
source, the bigger my shadow falls on the screen; the further away the overhead projector
is from the screen, the bigger the projection of the figure is on the screen. Numerous
causal relationships could also be established, for example, if there is no light, then there
is no projection/shadow; if the object is opaque, then the projection is colorless; when
colored foils are placed on the projector, colored projections are created on the screen;
and if there is no figure on the projector or in the projection room, there is no contrasting
projection/shadow.

In this way, the free-play idea CINEMA is also oriented towards the Curriculum 21
competencies on optical phenomena; for cycle one, a competence expectation is namely
that pupils can investigate, compare, and describe light as well as shadow phenomena in a
guided manner [70]. This orientation towards subject competencies is important in creating
a setting in which children can express their prior subject knowledge in play and find the
opportunity to expand their subject competencies in the same setting; it is not about forcing
children to engage with physics in their free-play time. Children are free in their choice of
play; they can, if they wish, concentrate solely on their play with figures or on building
towers, for example, even in the CINEMA. However, the designed play environment has a
clear goal: it works reliably and is always ready for the moment when a child will be ready
to have their “teachable moment”.

As already stated by Neutert [88]: play creates its own reality: that of possibilities.
Regardless of whether the children begin with playing with figures or building towers in
the CINEMA, the design of the free-play corner enables them to grow into an engagement
with optical phenomena, to help determine whether and how differently they engage with
them. The designed free-play area carries the seed of possibilities, but it is the playing child
who creates his/her reality. In other words, free-play corners are a symbol of proximal
development.

2.3. Play Supervision: Between Chosen Restraint and Formative Learning Feedback

In free play, children are autonomous and self-active, their inner selves express them-
selves in their actions. Through observation and dialogue, the teachers learn where the
children are and thus where teachers can start and lead regarding developmental or subject-
related goals. It is important to repeat that the teacher’s restraint is a chosen role, not a
forfeiting one—in the play-based physics learning approach, according to the “je-desto”
project, the teacher never directly instructs the child, but at most stimulates them in playing
to find something out for themself or to become aware of something.

The basis of all further play and learning guidance is the observation of a child’s
play processes. The “je-desto” project has been able to link these play processes to a silent
form of preconcept elicitation. If preconceptions are collected before an actual lesson,
younger children, in particular, are exposed to a great burden that often weighs heavier
than the effective expression of their prior knowledge. This is because the expressiveness
of the performance of young children depends on the given structure. If, for example,
kindergarten children are asked about their prior knowledge of optical phenomena purely
via language (i.e., without any further structure), the yield as an indication of the children’s
effective prior knowledge is likely to be meagre. If, on the other hand, the children are
asked about their prior knowledge in an existing structure, such as the free-play CINEMA,
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they have more possibilities than just the tool of language to express their knowledge:
they can show it concretely. Experiences from the “je-desto” project have shown that even
“silent” preconcept surveys, through observing the children playing in the setting, allow
certain conclusions to be drawn, in the sense that these observations are at least reliable
and can be connected to further questions in the context of play and learning support.

However, the individual learning level of children can also be assessed in a more
targeted manner, for example, by carrying out a simple, concrete play challenge, which can
at the same time also provide a learning stimulus. A possible challenge that could be posed
to the children in the free-play activity CINEMA is the question of how a human being can
hide behind a small toy wooden fir tree. The children can answer this question with their
actions, i.e., their play. As these are play processes, they can be open-ended in terms of
access and outcome. Hauser [12] demonstrated that children are more willing to take risks
and set higher goals for themselves when the challenges are presented to them not in the
form of a task but in a playful manner, which massively increases the chances of effective
learning gains.

Through the different play processes and approaches that emerge from this stimulus,
the teacher can adjust his or her feedback based on the observations. Importantly, feedback
refers always to the learning process, to the path or gap to be overcome to achieve a
learning goal. There are different forms of feedback that a teacher can give in the process
support and, depending on the developmental stage or competence level, a different form
of feedback is helpful. Following Hattie’s [8,89] comments on formative feedback, the
following three levels of feedback forms have emerged in the context of the “je-desto”
project:

The children who seem lost in their play regarding the challenging stimulus need
immediate feedback that directly relates to the challenge. Children’s attention should be
drawn to what can or should be enacted here. In the case about hiding behind the toy fir
tree, this could mean, for example, asking the child where the wooden fir tree could be
placed in the CINEMA setting. Afterwards, it might be possible to ask how the fir tree
could be placed on the overhead projector so that it is visible on the screen in the elevation.
It should be emphasized that it is important for teachers to be aware of this option of play
facilitation, and at the same time know that it is not always necessary to use it on such an
individual level. Some peers will most likely choose such an approach in their play anyway;,
and a pronounced affirmation might encourage other children to follow suit.

More experienced children, on the other hand, prefer strategy-based feedback that
helps them deepen their learning. In the challenge with the wooden fir, it could be asked,
for example, what options are available to make a shadow / projection bigger or smaller. For
some children, this hint will be enough to come to the realization that they can themselves
move along the glued-on railway track, and that the further away they stand from the
light source, the smaller their shadow will become, until they can visually hide behind the
projection of the small wooden fir. Another possibility in this context would be to move
the light source, i.e., the overhead projector on the wooden trolley, further away from the
screen, without the children having to move. Alternatively, a combination of both may be
used. In this phase of learning, the free-play setting itself provides helpful feedback to the
child as to whether he or she is on the right path or not.

Finally, the experts among the children—who master the challenge on their own
by trying different strategies and ways of doing things—benefit from advisory feedback,
especially to develop metacognitive competences that enable them to steer themselves.
For experts, time also plays a different role: the feedback does not have to be received
immediately, and sometimes a certain time delay even helps to achieve more abstraction.
Concerning the question, it can be discussed with the children how they proceeded, which
conclusions and analogies they drew, or which transfers could still be drawn.

Through this structure of feedback based on the needs of the children, a fit is achieved
in process support, as required by competence-oriented teaching. However, it must be
mentioned that the provision of feedback is not a one-way street that runs from the teacher
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to the pupil. This was also stated explicitly by Hattie [8,89]. A teacher’s feedback is only
half the story: feedback includes as much feedback from the children to the teacher to
shape and guide the processes. Young children often cannot put this directly into words,
but teachers can become aware of the fact that play behavior is not only dependent on
prerequisites, but also on the possibilities that are available; thus, observations of the
play processes not least also allow for any need for adaptation in the design of the play
environment.

As a concrete example of how such play is supervised, the following presents a play
sequence that occurred in the free-play setting CINEMA. The theme that the children chose
to play in was the “railway”.

While three children are playing on the overhead projector, they place trains on the
top of it and become enthusiastic that they can see the locomotives and wagons on the
screen. After a while, they begin to move the locomotive forward by hand on the overhead
projector until a child has the idea to push the overhead projector itself. The children are
delighted because in this way their hand is no longer visible on the screen. Over a longer
period, the children, make the train move forward, sideways, and so forth. Thus, they can
observe how the projection of the train becomes smaller and larger or even disappears from
the scene altogether. Meanwhile, they imitate the locomotive sounds “Sh-sh-sh”. Then,
they stop moving the overhead projector and begin to place wooden rails on it, but they
struggle to place the wooden rails in such a way that they appear projected as rails on the
screen. While two children eagerly try out how it can be achieved, the third child plays
shadow theatre, imitating the conductor; the child suddenly calls out, “Look, if I take a
few steps and make myself small, I disappear, and it will look as if I am really sitting in
the wagon”. The other children are thrilled, abandon the wooden rails, and immediately
want to demonstrate “getting into the wagon” to the teacher and the other children who
gather behind the curtain. After the CINEMA demonstration, the teacher curiously asks the
children how they went about it. One child stated: “Just take a few steps like this and then
hunch over and keep your head down, then you will not see me anymore”. The teacher
listens to the children’s words and asks them to describe exactly where these steps are taken.
With further questions, she leads the conversation until the children themselves can say
precisely where on the floor they have taken these steps and where the overhead projector
stands at that moment. Wow! The teacher is fascinated. To stimulate the children’s play and
learning further, she also asks if it would be possible to stand further back or forward. Or:
It is possible that the passenger, when they disembark from the train, can also disappear
into the railway station building?

This example illustrates that it is important to immerse themselves in the children’s
play and to build up the physical laws of optics on the basis of the content that is meaningful
for those children. In this case, it is not a tree that someone hides behind but the train or
the railway station. Thus, in the CINEMA example, the same playing environment, can
offer children various possibilities for actions, interactions, and meaning-making.

2.4. Playful Proccesses to Cognition/KnowledgePhysical Laws

Play processes are open processes, e.g., they are open-ended. Play processes also open
up to the teacher what is normally hidden in the child and cannot yet be expressed through
language; the child shows this in their actions. Children determine the course of their
play processes. However, all this openness does not mean that play is random. Careful
play design and needs-based play support enable children to profoundly expand their
competencies or even reconstruct concepts in their play processes; children go through
a process of awareness that we divide within the framework of the “je-desto” project
into “experiencing”, “recognizing”, and “naming”—in analogy to Scheiblauer’s approach
of rhythmic didactics [90], which consider several insights and findings from cognitive
psychology. Before describing this three-step process, however, we clarify the concept
of tangibility, which forms the basis for it. Tangibility as a concept, borrowed from the
discipline of rhythm and music, means let forces work and perceive the physical laws with all
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senses. Translated into the didactics of science, this clarifies the demand on a free-play
offer to allow the tangibility of physical laws and to enable children to play with them
before they have been consciously learned and understood. In this sense, tangibility is not
a matter of practicing or applying physical laws, but rather of experiencing them.

Experiencing emphasizes the lived moment: it means becoming aware of cause and
effect produced by manipulating objects. Experiencing means also allowing things to work
and perceiving the effects [90]. It can be considered sensorimotor learning or sensory-
perceptual learning. Through interacting with and perceiving the environment, individuals
build up experiences, which are considered as processed perceptions [91].

Recognition represents a higher-level process than experiencing. In the three-step model
by Scheiblauer [90], it represents the transition between unreflective action and linguistic
reflection. Hajos [92] defined the act of recognition as a conscious and active cognitive
process that includes and categorizes a percept within the entirety of an individual’s
networks of experience and knowledge. Katzenberger [93] specified that this categorization
and inclusion of a percept could only occur when the meaning is understood. Recognition
is also a pre-linguistic process. It allows a person to assign an action, that is, to have insights
into a law and the capacity to apply it [90].

Finally, naming is the act of taking linguistic possession of the learned content [90]. It
allows for the sharing of content with the social environment. Naming means expression;
linguistical expression, but not only linguistical. Being able to name means that knowledge
complexes are organized. Thus, language facilitates communication and restructures
the thinking generated from practical activity or perception. What can be grasped and
expressed linguistically, the child has abstracted [56,90]. A prerequisite of naming is
symbol-based cognition [38]: naming something means that a representation or a semantic
network has been labelled by a verbal expression. Bak [94] described language as a large
encyclopedia used to identify and become aware of objects, situations, and relations.
According to Halliday [95], language is “the essential condition of knowing, the process by
which experience becomes knowledge” [95] (p. 94). Therefore, experiences and recognitions
should be linked with words. They must be named to become linguistically tangible.
Otherwise, they will remain as diffuse impressions [96].

The following examples summarize the main points: An experience in the CINEMA
free-play setting is the size of the children’s shadows that change. The recognition is then
that the shadow size depends on where the children are located, or more precisely, how far
they are standing away from the light projector. Finally, naming could look like this: “The
closer someone/something stands to the light projector, the bigger its/his/her shadow
is on the screen.” Thus, in general terms, the “je-desto” project focuses on experiencing,
recognizing, and being able to name relationships and laws in physics. The children should
experience the “the more ... , the ... ” behind the physical phenomena, recognize it and,
with the teacher’s help, put it into a language to be able to communicate.

It is supposed that all children can benefit from the play-based learning environment
in the “je-desto” project, although at different levels. Basically, children can have sensory
experiences, perceiving light and shadow, or simply exploring the provided material in the
play environment, such as the overhead-projector or the screen projections. In this scenario,
children conduct a sensorimotor activity, which is already possible in the early stages of
development. However, children are also able to recognize optical phenomena and include
them in their semantic networks to successfully reproduce optical phenomena by manipu-
lating the variables by themselves. In so doing, children begin to become familiar with the
“je-desto” rule of optics. Ideally, children can verbally label their perceptions and cognitions.
This verbalization requires the capability to use symbols and is therefore a higher-level
operation. At this level, children are then able to communicate their experiences and
insights regarding optical phenomena with others.
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2.5. Morphosyntactic Structures to Support Subject Language Learning

A characteristic of the “je-desto” free-play offer is that there are no language barriers
that block subject-specific learning. In the free-play CINEMA setting, children can play
and engage with optical phenomena without the active or passive use of language [26].
This language-free access is of great importance in terms of educational participation and
has a strong integrative effect. However, language learning is of central importance in the
science subject. In fact, language is of such importance that new didactic approaches have
specifically addressed the promotion of language in the subject [97,98]. Moreover, the Swiss
curriculum for kindergarten and primary school specify the task of concept formation in
science education, which is linked to language development [1,70].

By offering children the morpho-syntactical scaffold “the more ..., the ... ”, the
teacher provides children with a linguistic structure for expressing the recognized physical
law. Once children have internalized that morpho-syntactical structure, they can use and
apply it in a variety of contexts. In this way, the teacher extends children’s linguistic
capabilities to communicate about physical phenomena and laws [98-100]. The two terms
“morphology” and “syntax” that form the term “morphosyntax” deal with how words
are formed, combined and then formed in phrases, clauses, or sentences [101]. According
to Chomsky [102], the syntactic structure is essential for illustrating the semantics of a
sentence. Furthermore, research [97] has shown that vocabulary acquisition is particularly
promising when the new words to be learned are embedded in sentence structures, such as
“the more ... , the ... ”. In this way, new words more easily find their place in semantic
networks, which then can be adapted by the accommodation; thus, new words can be
integrated into existing structures [94,99,103].

In the process of sustained shared thinking [25], the teacher should support and
encourage the children to verbalize their experiences and insights. A concrete example
shows how this can be achieved: when the children describe where in the room they have
positioned themselves so that they can disappear in the railway wagon or behind the fir tree,
the teacher can challenge the children with follow-up questions. For example, the teacher
can ask how the size of the shadow /projection changes depending on which direction one
moves on the taped lines on the floor. The morphosyntactic structure “the more . .. , the ...
” is in this context an important linguistic structural aid. The teacher can start by saying:
“the closer you go to the light source, the more...” and let the children complete the sentence.
It is helpful to say this right away in the play CINEMA setting so that the children can
check their nonverbal or verbal statements directly through their actions. However, also
more abstract forms of play supervision are possible, including only a linguistic exchange
about the children’s experiences without being directly in the play environment; this has to
be decided in the situation and can be different depending on the group of children.

Practice showed that children with a low knowledge of the German language could
also express their physical learning if they could refer to the morphosyntactic structure
“je-desto” (the more ..., the ... ). For example, the kindergarten children can express
the “the more . .., the ... ” rule linguistically and actively by walking near the projector
while saying “the closer ... ” and then pointing at the screen when they say “the ... ”
indicating something large with a movement of their arm. This non-verbal expression
may not be a complete expression from a professional point of view, but it is a correct,
connectable approach, as well as an amazing achievement for young children, especially if
they have a different mother tongue. By naming the children’s activities while engaged in
sustained shared-thinking, the teacher can familiarize the children with the appropriate
technical terms thus enabling them to internalize and actively use those expressions in
other situations.

Playing in the CINEMA setting offers the opportunity to train for basic vocabulary as
well as to specifically promote technical and educational vocabulary. As with all teaching
units, from a linguistic point of view, a linguistic catalogue should be compiled for the
free-play activities during the planning phase. This catalogue should include phrases such
as “themore ..., the... ” and other sentence building blocks, as well as selected terms that
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the teacher will use again and again during the play activities, which will thus sustainably
support the children in their professional language activities in the fields of physics.

3. Review and Outlook of the “je-desto” Project

With the free-play example CINEMA of the didactic development project “je-desto” [26],
we have shown an approach for play-based physics learning in kindergarten that is empir-
ically and theoretically funded. It allows for the promotion of physics competences in a
playful way, where the children always keeps their agency (see Section 1). The teacher has
a restrained role, but not a passive one, and also not an instructing one. The teacher creates
the framework and the conditions for learning by providing a structure in play spaces in
which simple physical laws act; the children themselves decide when they are ready to
delve into it (see Section 2.2). In the play process of the “je-desto” free-play activities, the
effects of simple scientific laws are experienced through playful actions, which can then be
more specifically recognized and ultimately named (see Section 2.4). The teacher accom-
panies this process by providing supportive feedback and simple assistance—especially
with regard to verbalization (see Section 2.3). In this context, the title of the “je-desto”
project, namely “the more ... , the ... ”, not only expresses the law of physics, but is also a
morphosyntactic structure that allows children to express their insights/cognitions in a
more general and structured form (see Section 2.5).

Following the constructivism learning theory, the aim of the “je-desto” play-based
learning approach is not the inculcation of scientific knowledge, but the initiation of
gradual concept formation in the individual (see Sections 1.2 and 2.1). It fosters an interest
in thinking about the world and its relationships and laws—based on one’s own play
experiences, which are then reflected upon together with the teacher. The children’s actions
reveal to the teacher their level of development and cognition. Thus, through observation
and conversation, it becomes clear whether children are experiencing physical laws, still
trying out all possible or impossible combinations, or whether they already have recognized
the underlying physical law and are applying it purposefully.

Furthermore, the play-based learning environments of the “je-desto” project allow
children to take on different roles, pretend, repeat and vary their activity, and finally also
immers themselves in a context that is meaningful, interesting, and engaging. The freely
chosen play provides positive emotions that guide the process of play and learning [12];
see Section 1.1. Various teachers of the “je-desto” project have remarked that children enjoy
playing in the “je-desto” free-play settings. Notably, they stated in the development and
testing phase that play activities with a purely scientific orientation appealed to fewer
children than play activities that enabled scientific learning while also allowing the children
the freedom to engage in the emotional, social, and aesthetic, dimensions of the role play.

In addition to the CINEMA example described in detail above, more than twenty
other free-play activities that follow the “the more ... , the ... ” logic have been developed
in recent years—not only in regard to physics learning, but also to other areas of science,
technology, engineering, and mathematics (STEM). In the free-play activity “Music Corner”,
for example, children can experience the relationship between string and pitch: the longer
the string, the deeper the pitch (carried out with the same string diameter, the same tension
force, and the same material density); the higher the tension force, the higher the pitch;
and the thinner the string, the higher the pitch. All the developed free-play examples are
freely accessible on the project homepage (www.je-desto.ch) [26], and are actively used in
everyday teaching, but also in the training and further education of teachers.

The “je-desto” project has grown into a loose network, now with over 250 participat-
ing teachers and established STEM experts from various Swiss colleges and universities.
This actively cultivated dialogue between teachers and experts, financed by the Swiss
Academies of Arts and Sciences, guarantees both the technical correctness as well as the
level-specific and everyday conditions for the success of the play settings offered. The
“je-desto” project started small, but over the years it has attracted more and more teachers
who are convinced and enthusiastic about this approach. The didactic approach of learning
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about physics through the child’s own play has been met with positive responses. It hasalso
attracted teachers who previously had reservations about teaching natural sciences in
kindergarten, either because they lacked interest or did not trust themselves to integrate
physical-technical content into the lessons. Several kindergarten teachers reported that
they “never have imagined that they would one day integrate physical-technical content
into everyday kindergarten life”. They are very grateful for this open-accessible play-based
science learning approach and for the exchange with other teachers and science didactic
professionals.

At the beginning, in 2013, it was only one kindergarten team that was developing
individual play-based learning settings. The difficulty has always been to design the play
settings in such a way to make subject learning correctly tangible. Therefore, consultations
with physicists were soon part of the development process, but this consultations were
informal and on a voluntary basis. In the team, this idea of joint lesson development was
met with great interest. Knowing that it was not the result of pressure from outside, but
rather the idea that the “mechanics behind things” can be made accessible to the children in
a playful manner, the project met the effective demands and possibilities of the kindergarten
level from the very beginning. This was and still is the cornerstone of its success. Word
soon spread beyond the school district to the entire canton of Bern, and a homepage was
set up to facilitate communication and coordination with interested colleagues.

Thanks to external project funding, the “je-desto” project saw an acceleration in
development during the school year 2015/16 of further free-play ideas for science learning.
Sixty-two kindergarten teachers from 22 kindergarten classes were recruited to develop
their own “je-desto” free-play setting and to test it empirically in their kindergarten group.
The development and testing phase were supported by the “je-desto” project members and,
if required, by STEM experts. These developed free-play ideas were collected and made
available to other teachers.

In the second funding period 2018/2019, the focus was on reviewing these free-
play ideas and further development of play support. At a World Café, 168 teachers and
STEM experts reflected on scientifically based and age-appropriate forms of play support.
The participating kindergarten teachers often expressed that “the exchange in this large
community and with experts was very inspiring” and that it gave them not only “new
ideas for teaching”, but above all “the assurance that what they are doing is technically
correct”. The discussed free-play ideas were finally revised and more precisely articulated
in a script for practitioners.

Since 2016, there were also offered further training courses for kindergarten teachers at
the University of Teacher Education Bern. The focus of these training sessions was first on
presenting the existing, developed free-play settings, as well as providing insights into the
theoretical and pedagogical framework of this play-based learning approach. Since 2019,
the further training courses have focused more on the play supervision and accompaniment.
In total, more than 700 teachers participated in at least one further training course. With
the introduction of the new kindergarten and school curriculum in canton Bern in 2018, the
Bern Department of Education and Culture has provided various supporting materials for
implementing learning environments and subject-related tasks in kindergarten, and has
also referred to the didactic approach of the “je-desto” project [104].

In 2021, the “je-desto” project was promised further funding from the Swiss Academies
of Arts and Sciences. As a result, further attention will be paid to scaling the project;namely,
the expansion and cooperation across Swiss cantonal borders will be strengthened, familiar-
izing other German-speaking cantons as well as French- and Italian-speaking cantons with
this special didactic approach. By also sharing this didactic approach in English-language
journals, the play-based learning approach of the project “je-desto” should become acces-
sible worldwide. Therefore, a translation of the free-play ideas into several languages is
planned for the future. Obviously, the social and cultural contexts must always be con-
sidered when applying the ideas of play-based learning settings elsewhere, and the play
environment should be adapted if necessary.
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When the project was launched a good ten years ago, the Swiss Conference of Rectors
of Universities of Teacher Education (COHEP) analyzed the state of the subject didactics in
Switzerland at that time. At a conference in 2013, organized by the Zurich University of
Teacher Education, the Swiss Conference of Cantonal Ministers of Education (EDK), the
Aebli Naf Foundation for the Promotion of Teacher Education in Switzerland, the Swiss
Society for Teacher Education (SGL), and the Swiss Conference of Rectors of Universities of
Teacher Education, Adamina [105] described a clear need for the further development of
subject didactics, especially for kindergarten and primary school. In addition, it was stated
that most didactic projects often act in isolation, were often fragmented, and were without
a theoretical foundation or clear methodological profile.

The development project “je-desto” is an innovative didactic project that closes a gap
in this area. In the course of the last ten years, it has not lost any of its innovation: the
promotion of science subject competence in free-play settings remains a unique feature (see
Section 1.3). In the free-play offers from “je-desto”, subject content is didactically recon-
structed in such a manner that it becomes accessible in an age-appropriate way, namely in
play. The play itself also allows for children’s preconceptions to be elicited and stimulates
effective learning processes to take place fluently in the same setting, which meets the
desiderata of the continuous alignment of prerequisites and content to be learned in the
context of didactic reconstruction. However, further research is needed. A scientifically
based evaluation of this play-based learning approach is targeted, and empirical research
is still ongoing in this regard. We are working on publishing an analysis of kindergarten
teachers’ experiences with this play-based learning approach in a subsequent paper. Fur-
thermore, we would like to investigate the long-lasting learning effect of such play settings
by conducting follow-up interviews with children. Moreover, the next development step
that the project team will take is addressing the question of how the play and learning
processes can be documented and thus made even more comprehensible for others.

Finally, there is no question about the great learning potential of these free-play set-
tings. The free-play settings of the “je-desto” project offer language-conscious physics
learning that successively promote educational language with the help of the morphosyn-
tactic structure. In addition, the domain-specific thinking of physics and problem-solving
behavior can be practiced in free-play offerings in accordance with the requirements of
competence-oriented teaching; the content-related insights into physics can be conneced to
the in-depth structured subject learning at higher school levels. Furthermore, and last but
not least, the free-play activities do not reify any gender stereotypes; instead, they make it
easier for girls and boys to have their first emotionally positive and conscious encounter
with physics in kindergarten.
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