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Abstract

This paper starts from an understanding of intelligence as learning potential that develops
through mediated participation in social, material, and cultural practices. The study exam-
ines how mediation is conceptualized in early childhood mathematics education through an
integrative literature review of 23 studies across mathematics education and related fields.
While semiotic mediation provides a strong theoretical foundation for understanding the
role of artefacts, signs, and teacher-guided interaction, the analysis highlights embodied,
multimodal, environmental, and relational aspects that often remain implicit in research
and practice. Informed by inclusive research, the study offers a conceptual framework
for making these aspects more visible. The paper contributes to a more fine-grained un-
derstanding of mediation, with implications for inclusive approaches to early childhood
mathematics education.
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1. Introduction
This paper starts from an understanding of intelligence as learning potential that de-

velops through mediated participation in social, material, and cultural practices [1–4]. This
view is consistent with perspectives on cognitive modifiability, which emphasize that learn-
ing potential is not fixed, but can be supported through the quality of mediation provided
in interaction [5,6]. From this perspective, mediation is central to discussions of human in-
telligence because it helps explain how children’s cognitive development is shaped through
interaction with others, artefacts, communication channels, and learning environments.

This understanding is particularly relevant in early childhood mathematics education.
Mathematics is often experienced as exclusionary, especially for learners with diverse ways
of thinking and communicating [7]. If mathematical learning is understood as something
that develops through participation, interaction, and mediation, then attention must be
directed not only to what children learn, but also to how teachers, artefacts, environments,
and forms of communication support children’s access to mathematical meaning. Within
mathematics education, the framework of semiotic mediation has provided a powerful lens
for analyzing how artefacts and signs support the development of mathematical meaning
through teacher-guided processes [8,9]. Recent studies in early childhood mathematics
further show that mediation is closely connected to teacher responsiveness, scaffolding,
play-responsive teaching, and embodied forms of mathematical meaning-making [10–12].
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At the same time, research on mediation has developed across multiple theoretical
traditions, including embodied cognition, multimodal learning, environmental perspec-
tives, and inclusive research, which are often treated separately. Research in mathemat-
ics education has increasingly highlighted the role of bodily action, multiple modes of
communication, and structured learning environments in supporting mathematical under-
standing. Studies have shown that gestures contribute to the development of mathematical
ideas [13], that teachers communicate mathematical relations through coordinated multi-
modal resources such as speech and gesture [14], and that learning environments shape the
quality of mathematical engagement [15,16]. Furthermore, research in embodied cognition
demonstrates that mathematical thinking emerges from the dynamic interaction between
perception and action [17], while studies in early childhood education confirm the impor-
tance of embodied modes for young children’s mathematical learning [10]. Research also
indicates that mathematical understanding is not limited to visual representations, but
can be constructed through tactile and auditory modalities, highlighting the inherently
multimodal and embodied nature of mathematical cognition [18].

As a result, there is currently a fragmented understanding of mediation in early
childhood mathematics education, where key dimensions of learning processes are not
fully integrated within existing frameworks.

To address this fragmentation, this study does not aim to extend the framework of
semiotic mediation by introducing new components. Rather, it aims to make visible and
articulate dimensions of mediation that are already present in educational practice but are
not always explicitly theorized.

This perspective is informed by inclusive research [19,20], which foregrounds diverse
forms of participation and communication and enables a more fine-grained understanding
of how mediation unfolds in practice.

2. Semiotic Mediation as a Foundational Framework
The framework of semiotic mediation [8,9] provides a well-established theoretical

foundation for understanding how mathematical knowledge develops through interaction
with artefacts and guided activity. Within this perspective, learning is conceptualized as a
mediated process in which artefacts, signs, and social interaction play a central role in the
construction of mathematical meaning.

A key assumption of this framework is that artefacts are not neutral tools but are inten-
tionally designed and selected to support mathematical activity. Through engagement with
artefacts, learners participate in situated actions that give rise to mathematical meanings.
These meanings are not directly embedded in the artefacts themselves, but emerge through
the interaction between learners, artefacts, and the teacher.

Central to semiotic mediation is the role of semiotic processes in transforming situ-
ated activity into shared mathematical knowledge. Through guided interaction, learners
progressively move from context-bound actions and personal meanings towards the use
of mathematical signs and culturally established representations. This process involves
production, negotiation, and refinement of signs, linking concrete activity to more formal
mathematical understanding.

The teacher plays a crucial role in orchestrating this process of mediation. Through
intentional guidance, questioning, and the organization of activity, the teacher supports
the emergence of mathematical meanings and facilitates the transition from informal
exploration to more structured forms of mathematical reasoning.

While semiotic mediation provides a powerful framework for understanding how
artefacts and signs support mathematical learning, it primarily focuses on symbolic pro-
cesses and teacher-guided interaction. As a result, other dimensions of learning—such as
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bodily engagement, multimodal communication, and the role of the environment—are less
explicitly theorized within this framework.

Figure 1 illustrates the core elements of the semiotic mediation framework.

Figure 1. Semiotic mediation model adapted from Bartolini Bussi & Mariotti [8].

3. Method
This study adopts an integrative literature review approach [21] to explore how

mediation is conceptualized in early childhood mathematics education and across related
research traditions. This approach allows for the inclusion and synthesis of both empirical
and theoretical studies from different fields in order to develop a comprehensive and
multidimensional understanding of mediation.

The analysis was focused specifically on studies addressing mediation in mathematics
education within early childhood education.

The framework of semiotic mediation [8,9] was used as a theoretical starting point,
with its focus on artefacts, signs, and teacher-guided processes in supporting the develop-
ment of mathematical understanding.

A set of analytical questions guided both the literature search and the analysis. These
questions addressed how mediation is conceptualized, which dimensions of mediation are
emphasized, and how learning is supported across different contexts.

Literature searches were conducted using major academic databases, namely Scopus
(Elsevier B.V., Amsterdam, The Netherlands), Web of Science (Clarivate, Philadelphia, PA,
USA), and ERIC (Institute of Education Sciences, U.S. Department of Education, Washing-
ton, DC, USA). Searches combined keywords related to mediation, mathematics education,
early childhood education, embodiment, multimodality, and learning environments. The
screening, comparison, and thematic synthesis were conducted manually; no qualitative
data analysis software was used.

Inclusion criteria were defined focusing on studies that explicitly addressed mediation
processes, were directly related to mathematics learning, were situated within early child-
hood education, provided empirical or theoretical insights into how mediation supports
the development of mathematical understanding.

Studies that did not explicitly address mediation processes in relation to mathematics
learning in early childhood education were not included in the analytical sample.

The selected studies were analyzed qualitatively using an iterative comparative ap-
proach informed by principles of thematic analysis [22]. Each study was examined in
relation to how mediation was conceptualized and enacted, with particular attention to
the role of artefacts and signs, bodily engagement and action, modes of communication,
environmental and organizational conditions, forms of participation.
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Through iterative comparison across studies and strands, recurring patterns were
identified and synthesized into a set of dimensions of mediation.

Inclusive research informed the analytical perspective of this review. The study
itself was conducted as an integrative literature review, rather than as a participatory
empirical study. However, the analytical framework used to interpret the literature was
developed through previous inclusive research conducted by the author in collaboration
with co-researchers with intellectual and developmental disabilities [19,20,23]. This is
consistent with recent work in disability studies, which emphasizes the importance of
active involvement, power sharing, and attention to the conditions that enable meaningful
collaboration in participatory research [24]. In this sense, inclusive research was not treated
as an additional theme to be identified in the literature, but as a lens for attending to forms
of participation, communication, and interaction that may remain less visible in more
conventional analyses. This perspective guided the interpretation of how mediation was
described across the selected studies, particularly in relation to embodied engagement,
multimodal communication, environmental conditions, and relational participation.

The results of this analysis are presented in the following section.

4. Results and Discussion
The analysis included 23 studies examining mediation in early childhood mathematics

education and related research traditions. Table 1 presents an overview of the selected
studies, including their focus, and contribution to different dimensions of mediation. For
each study, the analysis identified two elements: the main dimension(s) of mediation
addressed and the specific focus through which mediation was discussed. The term “focus”
in Table 1 refers to the primary analytical emphasis of each study, such as gesture, teacher
support, mathematical representations, learning environments, or participation. These
focuses were not predefined categories but were assigned through iterative reading and
comparison of the selected studies. The dimensions of mediation were then synthesized
across studies in order to identify broader patterns in how mediation is conceptualized in
early childhood mathematics education and related research traditions.

Table 1. Overview of selected studies on mediation in early childhood mathematics education and
related research traditions.

Article Focus Dimension(s) of Mediation

[25] Gesture and learning Embodied, multimodal
[14] Gesture in instruction Embodied, multimodal
[26] Teacher support and representation Semiotic, relational
[27] Support for diverse learners Inclusive
[28] Participation in learning Relational
[29] Early mathematical interaction Relational, semiotic
[15] Early mathematics learning Environmental
[30] Spatial-numerical processing Embodied
[31] Mathematical exploration Semiotic, relational
[19] Inclusive research Inclusive, multimodal, relational
[32] Embodied interaction Embodied, multimodal
[13] Gesture in cognition Embodied, multimodal
[33] Numerical cognition Embodied
[34] Conceptual understanding Semiotic
[35] Learning environment design Environmental
[36] Mathematical representations Multimodal
[11] Classroom interaction Relational
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Table 1. Cont.

Article Focus Dimension(s) of Mediation

[37] Learning trajectories and environments Environmental
[18] Multimodal representation Multimodal
[38] Early number understanding Semiotic
[17] Embodied cognition Embodied
[10] Embodied learning Embodied
[16] Classroom environment Environmental

4.1. From Literature to a Multidimensional Understanding of Mediation

The results reported in Table 1 provide an interpretive mapping of the selected studies
rather than a classification into mutually exclusive categories. The focus column identifies
the main analytical emphasis through which mediation is addressed in each study, while
the dimension column indicates the broader aspect of mediation to which this focus
contributes. The table therefore shows how diverse research traditions foreground different,
but often overlapping, aspects of mediation in early childhood mathematics education and
related fields.

Three main patterns emerge from the analysis. First, several studies conceptualize
mediation primarily through teacher-guided interaction, artefacts, and mathematical rep-
resentations [31,34,38]. These studies are closely aligned with the framework of semiotic
mediation [8,9], where the teacher supports the movement from situated activity towards
shared mathematical meanings. In this strand, mediation is mainly understood as a process
through which children’s actions, signs, and representations are guided and progressively
connected to mathematical concepts.

Second, a substantial group of studies foregrounds embodied and multimodal aspects
of mediation. These studies show that mathematical meaning is not constructed only
through verbal explanation or symbolic representation, but also through gesture, bodily
action, spatial positioning, tactile engagement, visual representations, and interaction
with artefacts [10,13,14,17,18,25,30,33]. From this perspective, mediation involves the
coordination of multiple modes of meaning-making. This is particularly relevant in early
childhood education, where children often express mathematical understanding through
action, movement, manipulation, and non-verbal forms of communication.

Third, the analysis shows that mediation is shaped by relational and environmental
conditions. Several studies emphasize participation, joint attention, interaction, and teacher
responsiveness as central to mathematical learning [11,28,29,31]. Other studies point to
the importance of the organization of the learning environment, including the availabil-
ity of materials, spatial arrangements, and the structure of activities [15,16,37]. These
studies suggest that mediation does not occur only through direct teacher explanation,
but also through the ways in which environments, materials, and social relations make
participation possible.

The studies therefore indicate that mediation in early childhood mathematics educa-
tion is not a single or linear process. Rather, it emerges through the interaction of semiotic,
embodied, multimodal, environmental, and relational aspects. These aspects are analyt-
ically distinguishable, but they are intertwined in practice. For example, a gesture may
function simultaneously as an embodied action, a communicative mode, and a semiotic re-
source; similarly, an artefact may support mathematical meaning only when it is embedded
in a responsive interaction and an organized learning environment.

An inclusive research perspective helps to make these interconnections more visible.
By foregrounding diverse ways of participating and communicating [19,20], this perspective
draws attention to aspects of mediation that may remain implicit if learning is analyzed
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mainly through verbal explanation or symbolic representation. The analysis therefore
does not suggest that new components should simply be added to semiotic mediation.
Rather, it shows the need for a more fine-grained reading of how mediation operates in
practice, especially when the aim is to support inclusive mathematical learning in early
childhood education.

Section 4.1 has therefore identified the main patterns emerging from the reviewed
literature. The next section builds on these patterns to articulate how they can be organized
into a conceptual framework for analyzing mediation in early childhood mathematics.

4.2. A Conceptual Framework for a More Fine-Grained Reading of Mediation

While the previous section identified recurring patterns across the reviewed studies,
this section moves from synthesis to conceptualization. It proposes a framework for under-
standing how these patterns can be read together as interconnected aspects of mediation in
early childhood mathematics education.

Building on the analysis presented above, this section proposes a conceptual frame-
work for reading mediation in early childhood mathematics education in a more fine-
grained way. The framework does not replace the framework of semiotic mediation, nor
does it aim to introduce a separate theory of mediation. Rather, it builds on semiotic
mediation as a foundational perspective and makes visible aspects of mediation that are
already present in educational practice, but that may remain less explicit when attention is
directed mainly towards artefacts, signs, and teacher-guided semiotic processes [8,9].

The need for such a framework emerges from the literature reviewed in this study
and from recent research in early childhood mathematics education. Studies have
shown that mathematical learning is shaped not only through symbolic representa-
tions, but also through embodied engagement, multimodal communication, teacher re-
sponsiveness, scaffolding, play-responsive teaching, and the organization of learning
environments [10–12,26,36]. These contributions suggest that mediation should be under-
stood as a situated and dynamic process, in which mathematical meaning is constructed
through the coordination of several interconnected aspects.

In this framework, artefacts remain central to mathematical mediation. However,
they are not understood only as carriers of signs or as tools for producing mathematical
representations. They are also points of interaction through which children act, move,
communicate, negotiate meaning, and participate. An artefact may therefore mediate
mathematical understanding through its semiotic potential, but also through the ways in
which it invites bodily action, supports dialogue, enables visual or tactile exploration, and
becomes embedded in the learning environment.

The role of the teacher is also understood as dynamic and responsive. In semiotic
mediation, the teacher guides the movement from situated activity towards shared math-
ematical knowledge [8,9]. The proposed framework makes visible how this guidance
depends on relational and adaptive processes, including attention to children’s verbal and
non-verbal contributions, responsiveness to their strategies, and the ability to reorganize
mediation during the activity. In this sense, mediation is not only planned in advance but
continuously adjusted in response to children’s participation.

The learning environment is included as an integral component of mediation. Spatial
arrangements, the availability and accessibility of materials, the organization of time,
and the structure of the activity influence how children engage with mathematical ideas.
The environment does not mediate learning independently of the teacher or the artefact,
but shapes the conditions under which interaction, participation, and meaning-making
become possible.
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Communication is likewise understood as multimodal. Mathematical meaning may be
expressed and negotiated through speech, gesture, bodily movement, visual representations,
tactile exploration, and interaction with artefacts. This is particularly important in early child-
hood education, where children often communicate emerging mathematical understanding
through action and embodied participation before, or alongside, verbal explanation.

A central feature of the framework is therefore the cyclical and adaptive nature of
mediation. The teacher organizes mathematical activity through artefacts, environments,
and communication channels, while children’s responses provide continuous feedback
that informs subsequent mediation. These responses may be explicit, such as verbal
explanations or questions, or implicit, such as gesture, hesitation, movement, attention,
or ways of engaging with materials. Through this cycle, mediation becomes a responsive
process in which teaching and learning continuously shape each other.

Viewed through an inclusive research perspective, this framework supports attention
to diverse forms of participation and communication [19,20,23]. It helps identify aspects of
mediation that may remain unnoticed if learning is analyzed mainly through verbal or sym-
bolic expression. The framework therefore contributes to a more inclusive understanding of
early childhood mathematics education by showing how semiotic, embodied, multimodal,
environmental, and relational aspects of mediation operate together in practice.

5. Conclusions
This study explored how mediation is conceptualized in early childhood mathematics

education by synthesizing insights from mathematics education and related research
traditions. The findings contribute to discussions of intelligence understood as learning
potential, by showing how children’s mathematical thinking and participation may be
supported through mediated interaction with teachers, artefacts, communication channels,
and learning environments.

While the framework of semiotic mediation provides a strong theoretical foundation,
the reviewed literature suggests that mediation in early childhood mathematics education
cannot be fully understood through artefacts, signs, and teacher-guided semiotic processes
alone. The analysis points to embodied, multimodal, environmental, and relational as-
pects that are often implicit but play an important role in how mathematical meaning is
constructed in practice.

The contribution of this study lies in proposing a conceptual framework for making
these aspects more visible. Informed by inclusive research, the framework supports a more
fine-grained reading of mediation by drawing attention to diverse forms of participation
and communication. This is particularly relevant in early childhood education, where chil-
dren may express mathematical understanding through movement, gesture, manipulation
of materials, visual or tactile exploration, and interaction with others.

From this perspective, mediation is not only a strategy for supporting mathematical
learning, but also a way of creating conditions in which children’s learning potential can
become visible and develop. Future empirical research is needed to investigate how these
aspects of mediation unfold in practice, particularly in activities involving young children,
teachers, artefacts, and diverse communicative resources.
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