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ABSTRACT 

Current research in the Learning Sciences points out different methods and approaches to enhance and assist students in 
their learning and understanding of mathematical representations of the underlying physics of everyday situations. One of 
the aims of this paper is to address how mobile applications can be designed to support some of the pedagogical 
challenges associated with learners´ understanding of different graphical representations of motion – e.g. displacement as 
a function of time, velocity as a function of time, and how these couple to the actual motion, to each other, as well as to 
other mathematical representations of motion such as functions, equations and descriptive text. A prototype design is 
presented including a new type of application, or app, for mobile and in classroom use, using touch- and gesture based 
technology. One of the specific aims of this set of applications is to spur the learners exposure to, interaction with, as well 
as creation of multiple and multimodal representations of physical everyday phenomena involving motion, in a personal 
inquiry-based approach that could involve both informal as well as formal learning activities.   

KEYWORDS 

Multiple representations, physics education, embodied learning, e-learning, mobile learning, perceptual 
learning 

1. INTRODUCTION 

The explosion of the number of computers in Swedish schools, (Sverigekartan, 2011) where around 50% of 
the community schools now plan1-to-1 programs, and, as of late, the explosion in the number of touch based 
devices in the hands of (young) learners open up a new field for the design of touch based apps for education. 
In cognitive research the concepts of multimodal representations of complex concepts in science stress the 
importance of a multitude of senses to be involved in the learning process, and likewise when it comes to 
using different kinds of representations of mathematical abstractions of physical processes and events 
(Donovan & Bransford, 2005, Linn & Eylon, 2011).  

Bridging the gap between the qualitative understanding and the ability to perform quantitative 
calculations (Skolverket, 2009) is essential for the high school students not to loose interest in the subject of 
physics, as is the ability to compete with other sources of knowledge and information in the ever growing 
media arena on its different platforms. We need to catch the attention of the new generation of learners. 
Introducing the pre-high school students, as well as high school students, to multiple representations, having 
them interact with- and manipulate these in an informal and preferably game-based perceptual learning 
setting could be one component towards achieving this goal. At the present moment the author’s opinion is 
that there is a lack of high quality applications dedicated to learning physics, and that there is a need and 
surge for it. Recently (mid October 2011) the Algodoo simulation software proved that there is a market for 
these types of applications, immediately jumping to the top grossing position in the Apple App store. This 
also implies that game like applications with an informal design and look that does not necessarily remind 
learners of school-work could be the way to go in terms of spreading this kind of application and hence their 
pedagogical content. So far studies like that of Kelly (2011) on the use of apps not specifically designed for 
physics studied also point in that direction. 



The contribution of this paper is to present a prototype application specifically designed for learning 
physics using touch- and gesture based consumer technology. The application will aid learners in the 
understanding of different graphical representations of motion, to see the connections between them, and the 
connections to the actual movement they represent. The learning experience includes embodied interactions 
involving several sensory modalities and the design and envisioned usage scenarios is based on sound 
theoretical argument and research as presented in the following section. The rest of the paper is organized as 
follows: First the theoretical background and justification is presented together with relevant related work. 
Then the prototype application is described in a typical pedagogical scenario setting and the paper is finished 
with a description of, and discussion about ongoing and future efforts. 

2. THEORETICAL JUSTIFICATION AND RELATED WORK 

In order to motivate how to match the availability and capability of the new types of touch- and gesture based 
personal devices with the suggestions from theory and recent studies, I will review a number of papers that 
have been identified as pointing to real possibilities in tackling the challenge of teaching young learners of 
today the meaning of abstract mathematical representations within physics.  

In a recent paper, Anastopoulou, Sharples and Baber  (2011) demonstrated the importance and power of 
getting the students and their bodies involved in the creation of representations of multiple modalities and 
types describing the mathematical concepts of motion such as speed, distance, time and velocity. Being able 
to produce and manipulate graphs e.g. showing the displacement and velocity of their hands moving as a 
function of time was shown to be significantly more effective when it comes to learning outcomes and 
understanding comparing pre- and post-tests with students that did not involve their own bodies in the 
learning but instead watched a teacher (the researcher) perform the same action. The background to the study 
by Anastopoulou, Sharples and Baber  (2011) is the suggestion by Papert (1980) that using your own body to 
construct symbolic representations can aid students in their learning, a suggestion further stressed by Cox 
(1999). We propose to build on and spread this kind of learning activity in terms of first of all touch- and 
gesture based applications for tablets, smart-phones and digital whiteboards, but also for ordinary desktop 
computers. This is in line with the conclusions and suggestions from Anastopoulou, Sharples and Baber 
 (2011) where they propose that “Providing students with personal multimodal technologies may help them 
to engage in learning science concepts”.  

The usage of the new types of internet-connected touch based platforms also opens up the possibility to 
add more features as well as using other aspects of the hardware motivated by the same theoretical 
assumptions. One could for example add the possibility for the learner to reproduce a graph on a larger 
physical scale, letting the learner run or walk according to the description in a velocity-time graph, where the 
phone or tablet use the built in GPS functionality to map the speed, once again involving the student and their 
bodies in the construction/reproduction of abstract representations.  

The second major work that the suggested approach and further development is based upon is the study 
presented by Kellman, Massey and Son (2009). The hypothesis is that the methods presented could increase 
the effect presented by Anastopoulou, Sharples and Baber  (2011). Before receiving formal instructions on 
graphical representations of physical and other processes the learners in this study on perceptual learning 
were given the task to, in quick succession, guess and pair graphs with other representations such as 
equations and written text. The hope was that they, after many trials, would see the patterns and connections 
between the different representations and what they actually represent. This was indeed what was observed, 
as well as the ability of the subject students to pick up the more formal instructions and concepts of 
mathematical graphical representations easier, and for the knowledge taught with this inverted approach to 
stick longer, compared to the traditional one where the students are presented with formal education first and 
problems solving second. Similarly, the suggested design in this paper hypothetically would let the learners 
find and see the patterns and connections without the need of formal instructions.  

There are already some efforts done and applications on the market, where some of the different aspects 
of touch capability, authentic and perceptual learning, multiple representations, ubiquity and mobility are 
addressed. One example is the Vernier Logger Pro desktop software and the quite recent Vernier iPad 
application (Vernier, 2011) where learners can film an object in motion, and from the film, using the iPads 
touch capability, extract graphical representations of the objects motion. Kelly (2011) have studied the use of 



publicly available game-like apps for iPod touch (most not especially made for physics studies) in middle 
school physics education and found a great deal of benefit e.g. from the standpoint of the students 
engagement level. A study carried out by Barab and colleagues (2007) further stresses the importance of 
engaging the learners in embodied participation. The application presented in this paper could then be part of 
the, by Barab et al. (2007), sought for multitude of embodied practices. Furthermore, major efforts on the 
hardware and research side like that of Texas Instruments (2011) build upon some of the ideas presented 
here. However, the aspects of embodiment - using multi-touch or body movement - affordance, and informal 
perceptual learning realized in one application have not (yet) come to the author’s attention. Neither does any 
of the above efforts include for the learners to generate and interact with the graphical representations 
directly using their own bodies with real-time multimodal feedback. Aiming for this sets the demands for the 
learning and functional requirements of the application described below. 

3. MOBILE APPLICATION DESIGN 

Based on the requirements as stated above, we rely on affordable consumer hardware and open platforms for 
developing a first generation application where the learner directly interact using their body and gets instant 
feedback in terms of graphical mathematical representations of their body-movements. The touch-based 
mobile application has been developed by the author using the processing language and is running on an 
Android platform. The Kinect application was developed using the Actionscript language with the Flash 
builder tool. 
 

 
Figure 1. The prototype application in use (a). A screen shot showing motion graphs and suggested menu (b). The Kinect 

interface in use (c). 

The first prototype illustrates the features of the most common graphical representations of motion by simply 
plotting the y-coordinate of the users moving finger, or in case of the Kinect version - the hand, on the right 
side of the display (see fig. 1a and 1c). As time passes the recently plotted coordinates are moved at a steady 
pace to the left, effectively producing a position, or displacement versus time graph (d-t) of the learners 
finger. The concurrent positions of the touching finger are also used to calculate and plot a velocity versus 
time graph (v-t), below the d-t graph (see fig. 1a and 1b). At the same time, an optional vector-representation 
of the finger/hand speed is plotted at the position of the finger. This simple setup could be used by practically 
anyone without any explanation of the rules needed or the physics involved. Thus the application could be 
placed in the hands of learners before formalizing the instructions on the physics and mathematics of 
movement, or it could be used in an exploratory fashion in the classroom with a flexible amount of guidance. 
The application could also be used in an informal setting outside school.  

One typical question a learner is asked to answer concerning these types of graphs is what the slope of a 
d-t graph represents. Using the prototype it is evident that moving your hand slowly at a constant speed (see 
fig.1a), either towards or away from you, will result in a graph with a small constant inclination compared to 
when moving your finger at a faster speed (see fig.1b). Furthermore it is possible to examine and connect 
features of the two graphs in real time as you move your finger, or by pausing the application with a single 
touch. The learner could be asked to find out the properties of graphs when moving the finger at constant low 
or higher speed, with increasing or decreasing speed or other types of motion. The other way around the 
learner could also be asked to produce a d-t or v-t graph with a specific set of features, such as a v-t graph 
with no slope but of non-zero value, and try and find out what type of motion will produce it.  



Using the app, the learners engage in embodied interactions with graphical representations by moving 
their hands, and produce visual representations in terms of graphs and vectors. To trigger a third modality, 
sound can be played while producing the graphs, where the frequency of the sound represents the speed of 
the finger. This feature could be turned on or off from the menu accessed by pausing the application with the 
tap of a finger. Another feature of importance to be activated from the menu, could be the possibility for the 
learner to measure the slope of the d-t graph using two fingers to mark the region of interest in the graph and 
have the application calculate the velocity in that interval to be compared to the values of the v-t graph in the 
same interval. Several other features that could enhance the students’ engagement with the application and 
thus the exposure to multiple modalities and representations are discussed in the following section. 

4. DISCUSSION AND FUTURE EFFORTS 

In this paper we have explored the potentials and affordances offered by multi-touch and gesture based 
devices in relation to the design of mobile applications that may enable learners to interact in more intuitive 
embodied ways. The hope is for the learner to “feel” the movement embedded in different representations 
just by looking at them, and almost as learning to ride a bike be able to instinctively translate body movement 
into different graphical representations and vice versa. The prototype described in this paper is in the early 
stage of development and in the coming spring cosmetic work based on feedback from the early test phase in 
progress will be done. The GUI will be developed, and new as well as non-conventional types of graphical 
representations of the physics of motion will be added. Game based features, like those tested by Kellman et 
al. (2009) will be added, where learners will be asked to reproduce motions as represented by algebraic 
functions, by a presented v-t diagrams or representations in terms of text narratives. Similarly, using the built 
in GPS of mobile devices, the capability to produce, or be asked to reproduce graphs while walking or 
running will be implemented. Once again the learners body is involved in the production of different 
representations, but on a different scale. This feature will also be further explored using the Kinect interface, 
and all in all this will open up the possibilities for new innovative ways of embodiment in learning. Further 
on the aim is to evaluate the efficiency of the method both from the teacher perspective – how well does it 
integrate with the curriculum and already existing methods? – and from the learners perspective – can the 
increased learning effect presented in Anastopoulou (2011) be seen using the proposed method and 
hardware? We plan to introduce the app to a number of schools where tablets are being used in order to find 
out. Ideally using the same protocol as in Anastopoulou (2011) on the learners’ side, and using a more 
qualitative type of mixed method including surveys combined with in depth interviews on the teachers’ side.    
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