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INTRODUCTION 

In modern society, numbers are omnipresent and more relevant than ever. 
An at least basic understanding of numbers is crucial for mastering everyday 
life, and deficits in mathematical understanding have severe and expensive 
consequences both for affected individuals and society in general (Parsons & 
Bynner, 2005; Gross, Hudson, & Price, 2009). Without such a basic under
standing of numbers, even the simplest tasks, such as figuring out the time, 
paying the correct amount at the supermarket, or choosing the correct bus, 
can suddenly become very difficult. 

The development and structure of numerical knowledge have been a 
subject of research interest for a long time (e.g., Gerstmann, 1940). At 
this point, there is converging evidence that numerical development is 
somewhat hierarchical; basic numerical competencies (e.g., counting, 
understanding of number magnitude, etc.) serve as building blocks for 
the acquisition of more complex numerical and arithmetical abilities 
(e.g., Booth & Siegler, 2006) and thus predict long-term developmental 
trajectories. For example, kindergartners' numerical competencies (e.g., 
number knowledge, counting performance) were found to predict their 
later performance in math achievement tests in Grades 1, 3, 5, and 8, and 
even high school (e.g., Duncan et al., 2007; Jordan, Kaplan, Ramineni, & 
Locuniak, 2009). 

Early in development, numbers become spatially represented along what 
is commonly known as a mental number line, which is the starting point 
~or our designed embodied numerical trainings. The focus of this chapter 
1~ on the theory-driven and media-supported development of trainings that 
hterally go 'one step beyond' conventional approaches by allowing children 
to move their bodies during the completion of numerical tasks. In the case 
of our project, this movement is not just a motivational factor boosting 
children's learning success but also a theoretically based amplifier of the 
learning process. 
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THEORETICAL BACKGROUND 

The Mental Number Line Representation 

This spatial representation of number magnitude-or mental number line
is one of the most broadly investigated basic numerical representations. 
According to the metaphor of the mental number line, numbers are spatially 
represented in an ascending order from left to right (e.g„ Dehaene & Cohen, 
1995). Thus, small numbers are associated with the left and !arge numbers 
with the right side of space, depending on their position on the mental num
ber line (for an overview, see De Hevia, Girelli & Macchi-Cassia, 2012). 

First evidence of a spatial representation of number magnitude dates 
back to Francis Galton (1880), who reported that some individuals have a 
clear and conscious visual experience of numbers that is arranged spatially 
(which Galton called "number form"). The metaphor of a number line sug
gests that subjects access an analogue magnitude representation automati
cally rather than voluntarily whenever they encounter numbers and, thus, 
even when number magnitude is irrelevant to the task at hand (e.g„ in a 
parity judgment task, Dehaene, Bossini, & Giraux, 1993). 

Since then, a growing number of studies corroborated this idea of a 
mental number line. For instance, M. H. Fischer, Castel, Dodd, and Pratt 
(2003) observed that the mere presentation of task-irrelevant numbers 
caused directed shifts of attention, with presentation of relatively small 
numbers leading to an attentional shift to the left and presentation of rel
atively !arge numbers leading to an attentional shift to the right. More
over, Zorzi, Priftis, and Umilta (2002 ) found that patients suffering from 
hemi-spatial neglect not only neglect the left side of physical space but also 
neglect the left side of the mental number line-showing a respective bias 
for !arger numbers (e.g„ in number bisection, when reporting 7 tobe half
way between 1 and 9). 

Evidence for the mental number line has also been reported in studies 
on children. Recent results suggest that preliminary spatial-numerical asso
ciations already exist in preschool children (e.g„ Opfer & Furlong, 2011) 
and even preverbal infants (De Hevia & Speike, 2010; De H evia, Izard, 
Coubart, Speike, & Streri, 2014 ). Although these early reports suggest early 
associations between space and numbers, the mental number line represen
tation takes time to fully develop. A hallmark effect of the mental num
ber line, the Spatial-Numerical Association of Response Codes (S ARC1) 
effect (Dehaene et al„ 1993 ), has been found only from Grade 1 on (von 
Aster, Schweiter, & Weinhold-Zulauf, 2007; van Galen & Reitsma, 2008; 
see Patro & Haman, 2012, for SNARC-like effects in 3- to 4-year-olds). 
Thus, research suggests that, based on very early spatial numerical associa
tions, the development toward an accurate mental number line depends on 
both children's age and their experience with numbers (Booth & Siegler, 
2008). 
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This development of children's mental number line is most commonly 
measured with the number line estimation task, which was introduced 
systematically by Siegler and Opfer (2003). In this task, participants have 
to estimate the spatial position of a given target number (e.g., '78') by mark
ing it on a number line on which only the endpoints are labeled (e.g., 'O' 
and '100'). Usually, the distance between children's estimate and the actual 
position of the target number is taken as an index of their mental num
ber line accuracy. With this task, the development of the mental number 
line representation has been studied extensively. Interestingly, this line of 
research suggests not only correlational but also causal relevance of the 
mental number line representation for numerical development. Children's 
performance in the number line estimation task was repeatedly observed 
to be associated with both their current and future arithmetic skills (e.g., 
Booth & Siegler, 2008; Ramani & Siegler, 2011 ). Conversely, children with 
mathematical learning difficulties often showed particular impairments in 
their mental number line representation (e.g., Geary, Hoard, Nugent, & 
Bailey, 2012). In sum, these findings suggest that there is a functional asso
ciation between the quality of children's mental number line representation 
and their later arithmetical development. Therefore, the mental number 
line is a viable starting point for numerical trainings. 

Training of the Mental Number Line 

In line with this argument, the mental number line as an important predic
tor of future arithmetic performance has received increasing interest by sci
entists developing numerical trainings. These trainings, often quite simple 
in nature, have generally been successful and have thereby inspired a !arge 
number of follow-up studies. For example, just by giving feedback on their 
number line estimations, Opfer and Siegler (2007) were able to improve the 
estimation performance of second graders in the number range from 0 to 
1,000. Based on this finding, Siegler and colleagues (e.g., Siegler & Ramani, 
2008) then developed simple number board games in which children had 
to move a playing piece along a linear arrangement of numbered fields. 
Interestingly, this simple training not only eliminated differences in num
ber line estimations between low- and middle-income children after just 
four 15-minute training sessions. In a follow-up study, Ramani and Siegler 
(2008) even observed positive transfer effects of such linear board games on 
children's performance in magnitude comparison, counting, and numeral 
identification. Importantly, an identical game with fields that were colored 
instead of numbered did not yield comparable effects. However, not just 
the use of numbers but also their linear arrangement was of importance 
for the success of these trainings. Siegler and Ramani (2009) observed that 
playing circular (instead of linear) number board games did not improve 
children's numerical understanding and future arithmetic learning in a 
comparable way. 
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Taken together, these results consistently show that spatial-numerical 
games are effective in fostering children's numerical and arithmetic skills. 
In line with this, spatial-numerical components have been included in 
multi-componential intervention and prevention programs, such as Num
ber Worlds (Griffin, 2004) and Big Math for Little Kids (Greene, Gins
burg, & Baalfanz, 2004 ), but their specific effects were not yet evaluated. 
Moreover, most of these prior trainings were simple games without any 
computer-supported attributes. However, the theory-driven application of 
new digital media could increase not only the motivational appeal but also 
the efficiency of spatial-numerical trainings in multiple ways. Computer 
technology allows for adaptability, accessibility, and interactivity (i.e„ 
collaborative and competitive gaming) of training approaches. When we 
started our project, we benefited from new developments in digital input 
devices (e.g„ digital dance mats ), enabling an embodied interaction with 
the computer (see ahead for a more detailed description). 

Why Is the Body Important? 

The idea that bodily experiences might influence numerical cogmt1on is 
derived from theories of embodied cognition (e.g„ Barsalou, 1999; Wilson, 
2002) that saw a tremendous increase of research interest in recent years. 
The most obvious link between numbers and the human body is the find
ing of children counting on their fingers. Finger counting seems to be an 
almost universal stage in numerical development (e.g„ Butterworth, 1999). 
lt is assumed that the repetitive bodily experiences of finger counting during 
childhood establish an association between fingers and numerical magni
tude. We assume that children's use of their fingers when initially learning 
to count and calculate results in what we call 'finger-based' representations 
of numbers (Moeller, Martignon, Wessolowski, Engel, & Nuerk, 2011). 
lnterestingly, these finger-based representations reflect not only the ordinal 
sequence of fingers in finger counting (e.g., the thumb being associated with 
1, the index finger with 2, etc. ) but also cardinal aspects resulting from the 
finger counting sequence (i.e„ specific finger patterns associated with cer
tain numbers-e.g., thumb, index, and middle finger associated with 3; see 
Di Luca & Pesenti, 2008). 

However, despite the obviousness of this connection between fingers and 
numbers, research has only recently paid attention to the influence that fin
gers may have on the processing of numerical information (e.g„ Di Luca et 
al., 2006; Domahs, Moeller, Huber, Willmes, & Nuerk, 2010). Neverthe
less, there is growing evidence now that internalized, persistent finger-based 
representations of numbers influence not only children's but also adults' 
performance in numerical tasks (e.g., Domahs, Krinzinger, & Willmes, 
2008; Domahs et al., 2010). In addition and subtraction problems, Grade 2 
children made significantly more errors that differed from the correct 
results by 5 (and thus by 'one hand') than expected (Domahs et al., 2008). 
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Jnterestingly, even adults exhibit similar sub-base 5 effects in simple arith
rnetic, which have been attributed to finger-based representations (Klein, 
Moeller, Willmes, Nuerk, & Domahs, 2011). Additionally, finger-counting 
habits have been shown to contribute to the association between numbers 
and space in adults (e.g., Fischer, 2008). Individuals who start finger counting 
on their left hand showed a stronger association of small numbers with the 
left side and of !arge numbers with the right side. From a theoretical point 
of view it has been argued that fingers help shape a mental representation 
of magnitudes (M. H. Fischer & Brugger, 2011) or even that they are the 
rnissing tool "allowing the concept of numbers to emerge from sensorimo
tor experience through a bottom-up process" (Andres, Michaux, & Pesenti, 
2012, p. 642). 

Beyond the obvious and explicit connection between finger counting 
and numerical cognition, less obvious influences of bodily experiences on 
numerical cognition have been reported as weil. For instance, Loetscher, 
Schwarz, Schubiger, and Brugger (2008) observed that lateral head turns 
systematically influenced random number generation, with participants 
producing more relatively small numbers while facing left and relatively 
!arge numbers while facing right. Hartmann, Grabherr, and Mast (2012) 
replicated this finding while participants were moved to either the left or 
right while passively sitting on a moving platform. What we take from stud
ies like these is that bodily influences on numerical cognition do not have 
to be limited to finger-based experiences but may generalize to the whole 
body when appropriate support and training tools are provided. Against 
this background, we pursued the question of how whole body experiences 
of numerical concepts can be used to foster the efficiency of numerical train
ings by using new digital media. 

Computer-Supported Learning 

Current developments in educational technology make use of gaming input 
devices for learning and teaching purposes. For example, digital dance mats 
require players to move their whole body by stepping on different fields of 
the mat in a specific succession. Games using dance mats (e.g., Dance Dance 
R~volution) have become widespread with sales of Microsoft's Xbox, 
Sony's PlayStation, and the Nintendo Wii. Low-price versions of dance 
mats, which can be easily connected to any PC via USB, are now available. 
Additionally, more complex systems, such as the camera-based Kinect sen
sor, can detect the movements of more than one player and register their 
Position and actions in 3-D space (e.g., Lyons, this volume). 

The bottom line is that all these systems record and interpret user move
ments and/or gestures. For learning purposes, such embodied interactions 
are useful because they are fun and intrinsically motivating. But besides 
the general motivational aspects, these new input devices also foster learn
ing more specifically~ and particularly so when the task to be learned has 
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a spatial component that can be reflected in the embodied interaction with 
the learning environment (e.g., Abrahamson, this volume). In the case of 
numerical learning, physical movements may lead to additional learning 
effects when they reflect the spatial dimension of the mental number line, 
or-metaphorically speaking-movements along the mental number line. 
This is made possible by creating an embodied experience of numerical 
concepts (e.g., experiencing numerical distance in terms of steps, etc.). Of 
course, different media devices allow for different types of embodied experi
ences of the mental number line. Whereas the digital dance mat allows only 
for a categorical (i.e., one step to the left or right) response format, other 
devices, such as the Kinect sensor, allow also for continuous movements, 
which more closely reflect navigation along the mental number line in num
ber space. 

So far, research on embodied numerosity lets us conclude that numeri
cal cognition is influenced by bodily experiences, as prominently shown 
in experiments on the relations between finger counting and finger/hand 
movements, but also more complex numerical tasks and physical move
ments (see earlier). If we now take these considerations one step further, it 
is plausible to assume that an embodied, full-body experience of the men
tal number line (e.g., by systematic left-to-right movements) should lead 
to additive learning effects. This assumption was the starting point for the 
Math with the Mat project. 

EMBODIED NUMERICAL TRAININGS 

Math with the Mat 

Training Magnitude Understanding in Kindergartners 
In the first study in which we ever attempted to realize our proposed embod
ied training, we started with the very young population of kindergarten 
children. We were interested in how far an embodied training could assist 
their development of an understanding of number magnitude by building on 
their early association between numbers and space (e.g., Patro & Haman, 
2012). Accordingly, these children were trained in a simple number compar
ison task in which they had to decide whether a number presented to them 
was smaller or !arger than another (U. Fischer, Moeller, Bientzle, Cress, & 
Nuerk, 201 la). 

Training was conducted over several sessions in two different training 
conditions: In the experimental embodied training, the decision was made 
by jumping to the left on a digital dance mat when the presented number 
was smaller than a comparison standard, and to the right when it was !arger. 
To further increase the salience of this left-to-right association of numbers, 
children were also presented with a number line on which the spatial posi
tions of the to-be-compared numbers were illustrated (see Figure 8.1). The 
jumping motion was immediately followed by perceptual feedback about 

pop209826
Notiz
None festgelegt von pop209826

pop209826
Notiz
MigrationNone festgelegt von pop209826

pop209826
Notiz
Unmarked festgelegt von pop209826



© 

A 

1 
10 

© 

155 

1 
10 

Figure 8.1 Schematic illustration of (A) children's starting position and the task 
presentation as weil as (B) children's response movement followed by visual feedback 
( o) in the embodied number comparison training (U. Fischer et al., 201 la). 

the correctness of children's response: If they jumped in the correct direc
tion, a green smiley appeared, whereas a mistake was followed by a red 
frowning smiley. 

This embodied training condition was compared to a similar control 
training that children performed on a tablet PC without full-body move
ment, in which they only had to tick on the !arger of two numbers using an 
electronic pen. They received the same form of feedback and were trained 
on the same numerical content. 

Importantly, and in line with our hypothesis, the embodied training 
was indeed more effective and enhanced children's performance. This was 
observed not only in a number line estimation task, which measured chil
dren's knowledge about the left-to-right arrangement of numbers on the 
number line and was conceptually quite close to the trained content, but 
also in a counting task-content that was never addressed in the training. 
As such, this first study indicated that the embodied training was effective, 
and also that there were benefits that transcended those of other computer
supported training methods (U. Fischer et al., 201 la). This finding moti
vated us to expand the training to other age groups and other numerical 
tasks and concepts to see how generalizable the effects of our embodied 
training were for promoting children's numerical competences. 

Training the Place-Value Structure of the 
Arabic Number System 
In a second embodied training study we aimed to widen the scope of the 
addressed basic numerical competencies (Link et al., in press; see also Schwarz, 
2012). We addressed not only the mental number line representation but also 
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the place-value structure of the Arabic number system (i.e., the separation of 
tens and units) in an embodied training on the digital dance mat. 

In the Arabic number system, the value of each digit depends on its 
position within the respective number string, with digits increasing in their 
value by powers of ten with each position further to the left-thereby con
stituting the place-value structure. Understanding this structure as weil as 
grasping the value of the magnitude of the integrated multi-digit number 
is relevant when dealing with numbers !arger than 9 or performing com
plex arithmetic operations (e.g„ additions requiring a carry operation; for 
a review, see Moeller, Pixner, Zuber, Kaufmann, & Nuerk, 2011; Nuerk 
et al., 2011 ). Furthermore, an early place-value understanding is funda
mental for the development of later arithmetic abilities (e.g„ Moeller, 
Pixner, et al„ 2011 ). Because place-value information is spatially coded 
(due to the fixed position of units, tens, hundreds, etc. within multi-digit 
numbers ), the idea in the second dance mat training (Link et al„ in press) 
was to integrate number line estimation and place-value understanding 
into a joint embodied approach. 

Second graders were trained in a number line estimation task in which 
they had to make a bar on a number line grow in length until it reached 
their estimated position of a given target number. They could make the bar 
grow or shrink by either ±10 or ±1 by stepping on different fields of the 
dance mat. To increase the physical effort for the ±10 fields--corresponding 
to !arger steps on the mental number line-we put the frontal fields of the 
dance mat on a step, thereby intending to make the place-value structure 
physically tangible. Children could make the bar grow by stepping to the 
right and make it shrink by stepping to the left. When the estimated posi
tion was reached, children had to confirm their estimate by stepping on the 
central elevated field. As feedback, a smiley face grew when children's final 
estimate was close to the correct position and shrank when their estimate 
was far from the correct position. 

Task performance of the embodied training was compared to two differ
ent control trainings, controlling for the motivational appeal of the body 
movement (by a non-numerical task completed using the dance mat) and 
the trained numerical content (by a number line estimation training on a 
tablet PC). In line with our initial results (U. Fischer et al„ 2011a), children 
improved more after the embodied than after both control conditions in 
their number line estimation performance. They particularly improved in 
estimating target numbers for which the correct understanding of the place
value structure was specifically relevant (e.g„ 29, where the confusion of 
tens and units leads to a huge estimation error on the number line). 

Comparable to the first study by U. Fischer et al. (201 la), this study 
revealed promising results. Again children's training gains were most pro
nounced following the embodied training condition, which further corrob
orated and substantiated the beneficial effects of embodied trainings for 
numerical development. 
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Embodied Trainings Using Other Media Devices 

In the project math with the mat we used a digital dance mat as an input 
device, but we also tried out other input devices over the past years that 
proved equally successful. 

Embodied Training of the Mental Number Line 
Using the Kinect Sensor 
So far two training studies were introduced, both using the digital dance 
mat as input device but addressing two different basic numerical represen
tations. Besides the obvious benefits obtained with trainings on the digital 
dance mat (U. Fischer et al., 201 la; Link et al., in press) the dance mat itself 
is limited as it allows for only categorical movement (i.e., one step to the 
left or right). Therefore, we designed another training format corresponding 
more closely to the continuous mental number line representation by using 
the Kinect sensor to allow for a continuous movement in physical space 
(Link et al., 2013). The Kinect camera comes equipped with a depth sen
sor that allows the recording of a person's position in physical space within 
an area of up 2.5 meters in depth and 3.5 meters in width (see Figure 8.2). 
Using this spatial extension, we employed a number line estimation task 
with number lines of up to 3 meters in length that were taped on the floor 
with only the start and endpoint marked. With this !arge spatial extension of 
the number line, children had to use their bodies as input devices by walking 
along the number line to the position of the respective target number. Thus, 
number magnitude was experienced as walking distance, with small num
bers being reached by walking only short distances and a small number of 

0 100 

Figure 8.2 Kinect training of number line estimation in first grade. 
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steps, whereas !arge numbers required walking a langer distance and more 
steps. The Kinect sensor recorded children's estimates, and the experimenter 
then provided feedback about the correct position of the target number. 

First graders completed both this embodied training and a control train
ing condition with the same numerical content (i.e., a number line estima
tion task). The children were trained on a tablet PC but without specific 
task-related movement. 

Once again, children improved more strongly after the embodied com
pared to the control condition. Furthermore, the training led to an improve
ment not only in children's number line estimation but also in their addition 
performance. Interestingly the latter was observed for both simple single
digit addition problems with sums smaller than 10 and addition problems 
requiring a carry operation. In this case, children improved not only in a 
task that was quite close to the trained content but also in a not directly 
trained task that was also quite complex for first graders. Another interest
ing result of the study was that children who performed lower on general 
cognitive skills and working memory assessments benefited particularly 
from the embodied training. This finding is consistent with the results by 
Siegler and colleagues (e.g. , Ramani & Siegler, 2011 ), who reported a more 
pronounced benefit of number board games for children from low-income 
backgrounds. Likewise, the added bonus of an embodied component seems 
to be especially beneficial for low-performing children. 

Training of Equidistance Relations with the Kinect 
Although Link et al. (2013 ) expanded the spatial range possible for 
embodied training formars by employing the Kinect sensor, interaction 
with this medium was limited because it was primarily used to record chil
dren's movements and position in space. This was changed in a follow-up 
study, in which the data recorded by the Kinect sensor were utilized to 

give immediate video-supported feedback. This study was designed to 
train the equidistance relation of the number line in an embodied training 
format. From a theoretical perspective, enhancing the understanding of 
linear, equidistant spacing between adjacent numbers on the number line 
might be of particular importance because younger children especially 
tend to overestimate small numbers (e.g., placing 9 at about the position 
of 40 on a 0-100 number line; cf. Moeller et al., 2009) and compress 
!arge numbers toward the end of the number line (e.g., Booth & Siegler, 
2006). Thus, specifically training the equidistance relation should cor
roborate children's spatial representation of number magnitude because it 
should help define the distance relations between numbers. On a practical 
level, an embodied training was designed where chi ldren had to walk on 
a line taped to the floor. They were instructed to walk the given distance 
with a predefined number of equally spaced steps to train the equidis
tance relation. Feedback was provided using the movement recordings 
of the Kinect sensor by first capturing and then displaying the sequence 
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of children's steps in a video that children watched after completion of 
each trial. Hence, children were presented with their segmentation of 
the line followed by the actual correct segmentation of the line to help 
them improve their performance. Initial results from this training study 
(Steinack, 2012) also indicate more pronounced training effects through 
the embodied training format. 

Training with an Interactive Whiteboard 
Besides the Kinect sensor that allowed for continuous movements along the 
mental number line, we considered another response medium for a continu
ous embodied interaction. In a training study using an interactive whiteboard 
(SMART Board), we trained second graders in a number line estimation 
task. Children were presented with a number line that extended along the 
whole width of an interactive whiteboard and were asked to estimate the 
position of a presented target number by walking there and marking their 
estimate with an electronic pen. This setup again helped children to associ
ate !arger numbers with !arger distances by moving along the whiteboard 
to reach the estimated position. Again, we compared the embodied training 
condition to two control trainings: a media control training (in which chil
dren had to simply tick on colored target stimuli on the whiteboard while 
moving along it to control for influences of the respective medium) and a 
task control training (in which children had to complete a number line esti
mation training on a tablet PC, controlling for the respective content of the 
training task). 

Evaluation of rhe efficacy of the different training conditions indicated 
once again a more pronounced improvement in children's number line esti
mation performance after the embodied training condition. Interestingly, 
training with the interactive whiteboard also improved children's perfor
mance in a multi-digit addition task. Comparable to the studies described 
previously, the embodied training condition proved superior to the control 
trainings either addressing similar content or requiring similar physical 
movement (U. Fischer et al., submitted; U. Fischer, Moeller, Cress, & Nuerk, 
201lb). 

CONCLUSIONS AND PERSPECTIVES 

In summary, the training studies we conducted so far have shown promising 
results in the form of more pronounced training effects for the embodied 
trainings. Generally, improvements were observed consistently in children's 
number line estimation performance, from which we conclude that differ
ent types of systematic body movements reflecting the left-to-right orien
tation of the mental number line can be used to improve mental number 
line accuracy. Both the initial categorical movements on the digital dance 
mat as weil as alternative continuous movements (Kinect sensor / interactive 
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whiteboard) led to significant improvements, suggesting that the type of 
movement and also the type of digital medium do not seem to be the major 
determinant of training effectiveness. However, direct comparisons between 
the benefits of different digital media for embodied trainings (i.e., allowing 
for either categorical or continuous movements) may provide an interesting 
avenue for future research. Accordingly, we plan to follow up our work not 
only with the dance mat but also considering alternative digital media, such 
as the Kinect sensor or the new LEAP motion tracker (focusing on finger 
movements in particular). 

lt is also important to note that our embodied trainings turned out to be 
effective for different age groups, ranging from kindergarten to Grade 2. 
Of course, we tried to match the tasks we trained to the competencies of the 
respective age group (starting with single-digit number comparison in kin
dergarten and moving to place-value processing in Grade 2) to make sure 
that children benefit from the content of the training without being bored 
or overstrained. However, it is of particular interest that these different 
training tasks led to comparable improvements. This suggests that as long 
as the tasks emphasize and strengthen children's spatial-numerical associa
tions, embodied trainings seem promising to corroborate children's mental 
number line representation, which seems to transfer to other numerical 
competencies (cf. U. Fischer et al., 201 la, for results of a mediation analy
sis). The fact that in most studies we found transfer effects of the trainings 
to numerical competences that were not directly trained has been compel
ling. Transfer effects occurred in kindergarten for counting skills, in Grade 
1 for single-digit additions, and in Grade 2 for more complex additions. At 
first glance, these transfer effects seem rather diverse, but at a closer look 
they all represent tasks that are an essential part of the curriculum for the 
respective age group. Thus, it seems that embodied trainings may be able 
to improve performance on other topics of curricular relevance in a novel 
and engaging way. 

Yet it has tobe acknowledged that the transfer of these controlled experi
mental results into practical use is the big challenge for the future. lt may be 
that mathematics intervention and remediation might benefit the most from 
the results of our project. However, so far, we have implemented the train
ings only in single-subject settings, in which a tutor or trainer supervised 
the training process at all times. Because we found that children perform 
the tasks at varying speeds and more or less noisily (especially when the 
response requires jumping), the training setups as tested are not yet weil 
suited for classroom settings or !arger groups. However, we will evaluate 
how it might be possible to successfully integrate at least part of our find
ings into everyday school life by cooperating with a local school. In doing 
so, we will make our trainings more accessible to practitioners, from whorn 
we expect important feedback on how to further develop the software to 
make it considerate of the needs of students and teachers in the context of 
an intact classroom. 
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NOTE 

1. This effect describes that responses to relatively small numbers are made faster 
with the left than the right hand, and that responses to relatively !arge numbers 
are made faster with the right than with the left hand. 
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