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Abstract
According to the embodied mathematics hypothesis, based on the

cognitive linguistics’ concepts, the origin of mathematics is human
embodiment, and therefore mathematical Platonism and similar
descriptions, which assume the existence of mathematics independent
of humans, can only have a religious position and not a scientific one.
In this research, due to the embodied mathematics, the role and
effects of the vertical dimension in the formation of space image
schema and its influences on language have been discussed.
Considering the influence of the gravity on the space image schema
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and therefore the asymmetry in human physical perception of the
height, not only the image schemas of space, force and container are
influenced by the vertical dimension, but also the role of this
dimension in the formation of metaphors and conceptual blending is
prominent too. In this study, based on geometric data derived from
the dimension of gravity in two-dimensional, three-dimensional, and
four-dimensional structures, and based on the theoretical framework
of cognitive semantics and the hypothesis of embodied mathematics,
the reduction or increase of this geometric dimension and its effect
on the image schema of space and its appearance in language and
mathematics have been analyzed. The role of the vertical dimension
in mathematical concepts can be described based on linguistic
intuition, and examples of this effect have been discussed. Based on
this analysis, reducing or increasing the spatial dimension is not only
effective on the conceptual system, but also on the linguistic
structure and related mathematical concepts.

1. Introduction

The achievements of cognitive sciences and its sub-branches,
including cognitive linguistics, in order to open a window towards
the human thought system, will become more important when they
open new horizons to other sciences, based on the generalization
commitment and cognitive commitment. Physical perception arising
from embodiment and the formation of image schemas as an abstract
infrastructure part of the human being thought and cognitive system
and conceptual mappings and projections such as conceptual
metaphors and conceptual blending and etc., not only pave the way
for new ways to know the reflections of human thought, but also
open new and innovative ways to the epistemology-based progresses
of other sciences. On this basis, the hypothesis of embodied
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mathematics presented by Lakoff and Nunez tends to identify the
origin of mathematics and its place in human cognitive abilities.
According to this hypothesis, mathematics, as we know, is not a
transcendental and external being, but a physical and subjective
phenomenon in which the traces of conceptual structures as
discussed in cognitive sciences and cognitive linguistics can be
observed. Therefore, the role of effective structures on the
conceptualization system, including image schemas and metaphors
and conceptual blending is also bold and plays a vital role in
embodied mathematics. The formation of the space image schema
and its subset concepts, including the dimension of height, which in
English shows itself in the form of words such as up/down, is one of
the basic structures in metaphorical mappings, which also appears in
embodied mathematics. In this research, based on the hypothesis of
embodied mathematics and while emphasizing the key points of
conceptual systems such as image schemas, metaphors, and
conceptual blending, the role of these items on the formation of
embodied mathematics and the image schema of space is discussed.
These concepts which are also essential elements in the mathematics
used in physics, have been investigated based on the description and
analysis of removal or increasing of a spatial dimension to the three
dimensions of the real world. The effect of such a change on the
formation of physical perception and image schemas, as well as
embodied mathematics and language, has been discussed in
hypothetical two-dimensional and four-dimensional worlds too.
Following the relevant descriptions, the reduction or increasing of a
spatial dimension is not only effective on the physical perception and
the conceptualization of the space image schema, but also on the
elements of the language, which verify the viewpoint of cognitive
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linguistics, considering language as a window to the thought system,
and the mathematical concepts made from it.

2. Theoretical Framework

In the present study, height dimension concept in geometry and
mathematics has been discussed from the viewpoint of embodied
mathematics hypothesis and based on embodied mind theory and
conceptual structures like conceptual metaphor and conceptual
integration.

The most famous example among the hypotheses that consider
mathematics independent of humans and as a reality in the world is
the idea known as mathematical Platonism. Mathematical Platonism
and its similar assumptions consider the relation between human and
mathematical concepts as discoveries, and they mainly believe that
mathematical concepts are somehow embedded in the structure of
reality and the content of the world (Ross, 1952: 176). On the other
hand, there exist other hypotheses which consider mathematics to be
a kind of human creation and like an emergent language, the latest
of which is the hypothesis of embodied mathematics (Lakoff et al.,
2000: 317). This group of hypotheses consider the relationship
between man and mathematical concepts as inventions and mostly
believe that mathematical concepts are man-made. The hypothesis of
embodied mathematics, based on the framework of the second
generation of Cognitive sciences and based on the theories presented
in cognitive linguistics, considers this mathematical invention to be
the result of human embodiment, and the conceptual structures
arising from this embodiment, such as conceptual blending and
conceptual metaphor as well. The research question raised in this
article is based on the assumption that by preselection of belief in the
hypothesis of embodied mathematics, how the mathematical
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concepts and their formation will be based on embodiment,
conceptual integration and metaphor?

Among the Large number of basic mathematical concepts that have
been selected to be described in such a format, some concepts are
more basic and have priority. Among these cases, some basic
geometrical concepts such as dimension and especially the vertical
dimension as the third dimension, have more special role for the
reasons that will be explained. In this research, in order to answer
the research question that is related to the height dimension
description framework in the set of basic geometric concepts, the
geometric concept of the third dimension is described based on
embodiment, and conceptual structures based on embodiment such
as blending and metaphor and based on the introspective and
analytical method.

3. Discussion and Conclusion

The gravity force and its effect on space image schema and also
figuration of different conceptual metaphors and blendings, is the
reason of different conceptualizations in the three-dimensional world
and hypothetical two- and four-dimensional universes. In the real
world which has three dimension structure, different effects of this
force on 3™ dimension perception and also on the meaning making
in language can be seen. This fact is also correct about the geometric
idea of height and can be traced in mathematical concepts.

As a matter of fact, these evidences can be interpreted as verification
examples of embodied mathematics hypothesis and more than space
image schema, can be discussed in other image schemas like force
and container.

Not only the embodied mathematics hypothesis, but also the
embodied mind theory could be subject of this verifications and
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different appropriate language structures are matter of analytical
description of this kind of conceptualization.

Keywords: image Schema, embodied mathematics, conceptual
metaphor, conceptual blending, vertical dimension.
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2. generic space
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