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Abstract 
 
This paper describes a study that investigates the use of a 
multimodal technology in a learning task. In relation to 
the recent interest in learning as a multimodal 
experience, the use of a technology to acquire and 
visualize data while in a learning task in real time is 
argued to be beneficial and enjoyable for pupils. A study 
is described which investigates whether using the 
learner’s own movements or viewing someone else’s 
movements produces different outcomes when learning 
about kinematics graphs. 
 
 
1. Introduction 
 

This paper investigates the contribution of multimodal 
human computer interaction to science education. Two 
issues are of main importance: multimodal learning and 
multimodal technology. Jewitt et al. (2001) describe the 
interaction between visual, actional and linguistic 
communication as multimodal learning. According to 
Baber et al. (2001), multimodal technology aims to 
support people’s sensory and response modalities while 
they use an interactive system. 

Multimodal systems can provide people with more 
advanced interactive means than conventional graphical 
user interfaces [1-3]. They support a combination of 
modalities that can be matched to the task or the 
environment. Multimodal systems, therefore, can support 
a learning task that uses multiple modalities, such as 
learning distance-time graphs.  

Within the classroom, the use of multiple modalities 
offers a rich range of resources for pupils to employ while 
learning. Each modality can cover a different aspect of 
phenomena which could challenge prior conceptions of 
the world and provide resources to imagine and think 
with [4].  

In science education, particular aspects of multimodal 
communication become salient. Science shows an 
overriding importance of material things in relation to 
language; it connects with action through experiment and 
demonstration, and it uses images for knowledge 
representation [5]. Science education faces considerable 
problems in enabling children to understand scientific 

concepts, especially those that are abstract [6]. Recent 
studies have introduced different ways for communicating 
science concepts to pupils, like the effect of gestures in 
scientific discourse [7, 8] or the effect of action while 
learning [4, 5, 9]. According to Franks (2001), action 
makes ideas seem real, create involvement, construct fact 
and convey the realism of scientific truth.  

This paper describes a study that investigates the use 
of a multimodal technology in a learning task. It uses 
movement as a means to record data, which is displayed 
in graphs and results in correction of the movement 
providing a multimodal learning experience. A study is 
described which investigates whether using the learner’s 
own movements or viewing someone else’s movements 
produces different outcomes when learning about 
distance-time graphs. 
 
2. The educational context 
 

Learning about distance-time graphs, which forms part 
of the science education curriculum, is often learnt in 
isolation from pupils’ own movements. Usually, at 
schools, the motion of objects such as cars is studied. In 
this study, the focus is on the learners’ own bodies. If 
learning about graphs can be related to their own 
movements, they might be able to understand abstract 
representations of motion better and easier.  

Learning through their own movements can give 
learners a realisation that they are ‘doing science’ while 
they are moving their bodies [10]. Such an experience can 
make learners think of the abstract representations not as 
alien to their understanding but as a source of meaning 
that is not only related to the learning task at hand but 
also to the way they perceive themselves.  

Having access to the generation of the graph, and 
being able to change it as they move about, gives learners 
access to syntonic learning [10]: the graph is related to 
their senses and knowledge about their body (body 
syntonicity). Either moving the hand about or keeping it 
still causes a line to be generated on the display: this 
gives them the chance to realize the difference between 
the line that represents motion and the line that represents 
the lack of it.  

Graph generation also gives them a sense of 
themselves as persons with specific goals and desires 
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(ego-syntonicity) and gives them a sense of excitement 
and satisfaction when they accomplish it. They have to 
shape a specific graph: the graph in this way becomes a 
specific goal.  

Being able to plot a graph according to their 
movements gives learners a link to out-of-school 
activities: it associates science with the idea of being 
active and on the move (cultural syntonicity). The 
abstracted form of a graph becomes a meaningful 
representation of the hand’s motion. The graph not only 
describes laboratory situations in a school but also 
everyday situations. Learners can be stimulated to relate 
their activities to scientific concepts and to question 
whatever is not easily related, they, thus, become 
scientists themselves.  
 
3. The Study  
 

The study investigates the use of a multimodal 
technology while learning about distance-time graphs. 
The technology consisted of a motion tracker to capture 
hand movements and a PC with special-purposed 
software to show the data in graphical form on the 
display. (Figure 1)  
 

 
Figure 1: Screenshot of the display 

 
The students needed to learn four main issues through 

relating the graph to their hand movement: 
� to realize that a horizontal line on a graph means 

keeping the hand still,  
� for the line to go up, the hand needs to move 

forward,  
� for the line to go down, the hand needs to return 

to the original point, 
� the slope of the graph shows how fast the 

movement is done, that is the speed of the 
movement. 

For the students to learn how to interpret a graph 
correctly, the relation between the hand’s movements and 
the line of the graph is important. This study explores the 

relation between their own hand movement and the graph 
formation: instead of focusing on any object in the 
environment it was thought that the use of their body 
would interest them more and would trigger them a better 
understanding of the graph and its representation.  

The study focused on the differences in understanding 
about distance-time graphs between students who formed 
graphs as they moved their hand and those that watched 
somebody else moving their hand and formed the graphs. 
The second condition removes any advantage of using 
their own body for data collection. It does not give access 
to body-syntonic or ego-syntonic learning. The hand of 
the other person could be just another object in the world.  

However, bearing in mind the lack of sufficient 
facilities in the classroom, pupils are very likely to watch 
the teacher or a fellow student doing an experiment. The 
study aims to investigate if there is any difference in 
understanding the concepts and enjoying the learning 
experience when performing the task with their own 
hands or watching it being performed. The hypothesis 
was: “when students experiment by their own 
movements, they will gain a better understanding of the 
distance-time graph and will enjoy the learning 
experience more than if they watch somebody else doing 
it”. The first condition was the experimental condition 
and the second was the control. 
 
3.1 Method  
 

The study was conducted with 22 students of Year 9 
(14 years old) who were introduced to the concept of the 
distance-time graph. It was expected that the students 
would know little or nothing about the subject because 
they had not previously been taught distance-time graphs. 
The study was undertaken by the first author in a 
secondary school in Birmingham, UK. There were 11 
students in each condition. Students were randomly 
assigned to the conditions on presentation to the 
experimenter. In each condition, there was one student in 
the room per session. Each child sat next to the 
experimenter and the student faced the laptop. Each 
session lasted about half an hour. 

Four tasks were assigned to all of the conditions:  
Initially, students were given a set of questions, which 
asked them what they already knew about the subject.  

Then, for the teaching session the group was split into 
‘Doers’ and ‘Watchers’. The ‘Doers’ had the tracker’s 
sensor attached to their wrist with the aid of a sweatband. 
They moved their hand about freely to get familiar with 
the movement and the generation of the graph for 
approximately 3 minutes. Meanwhile, they discussed with 
the experimenter the details of the graph i.e. the name of 
each axis, the values it would have and what negative 
values would mean. As soon as the discussion ended, the 
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students tried to generate specific graphs and describe 
their movements in writing.  

The ‘Watchers’ were shown specific graphs and they 
watched the experimenter generating them on the display. 
At beginning of the first movement, they discussed with 
the experimenter about the details of the graph. 
Subsequently, students were asked to write down what 
the experimenter did. All participants had to interpret 4 
graphs, of varying difficulty. A set of verbal protocols 
was used, to ensure that all students were given exactly 
the same instructions. 

The third part of the experiment involved the students 
answering questions in the form of a written test. They 
could not look back to the previous sheets. Finally, the 
pupils were asked to reflect on the experience and express 
their opinion about the study. They completed a short 
attitude survey, based on a 5 point Likert scale. In 
particular, they were asked whether they found the 
session interesting, if they liked it, if they liked watching 
their own data, how difficult were the questions and 
whether they felt that they understood the distance-time 
graphs. 

Figure 2. The median scores for each condition: 
session, post-test 

 
3.3 Discussion  

‘Doers’ were required to use the kinaesthetic modality 
to complete the learning task. ‘Watchers’ could only see 
the effect of the movements that a person next to them 
was doing. The use of modalities in different conditions is 
shown in Table 1. ‘Doers’ had the possibility of a more 
fruitful learning experience and a better ability to express 
themselves when interpreting the graph. 

3.2 Results 
The results discussed below are based on the writings 

of the pupils.  
From the initial set of questions, it was apparent that 

the students did not know about the distance-time graph. 
There was no difference in what the pupils knew between 
conditions.  

 During the teaching session, ‘doers’ were significantly 
better in describing the graph in terms of their own hand 
movements (Mann Whitney test, z=-2.012, p<0.05) 
(Figure 2, upper).  

 Writing Paper 
Visual 
cues 

Action online visual 
cues (actional 
feedback) 

Watchers √ √  √ 
Doers √ √ √ √ The scores of the final test between the two conditions 

were not significantly different. However, in median 
scores, ‘doers’ were more able to describe the distance-
time graph in terms of hand movements (Figure 2, lower). 
The scales for the teaching session and the test were 
different because of the different number of questions in 
each session.  

Table 1: The use of different modalities per condition 
 

‘Doers’ enjoyed the system and the learning 
experience. Moving their hand about and seeing its 
distance-time graph on the visual display was a quite 
different experience. The feedback came from the visual 
display as soon as they moved their hand. They were 
watching the display with interest and they were drawing 
conclusions about the effect of moving (or staying still) 
on the graph. ‘Watchers’, on the other hand, did not have 
the chance to think in advance how the hand would have 
to move. They saw the movement from the experimenter 
but their original ideas were not challenged: they accepted 
that the hand has to be moved like the researcher did. As 
a result, they were not fully engaged with the task, their 
attention drifted and most of them did not fill in the sheets 
appropriately.  

When asked for their opinion about the study, there 
was no significant difference between their opinions.  
 



‘Doers’ paid attention to the number of times the hand 
moved or stayed still. This can be contrasted with the 
‘watchers’ who did not always pay attention to the 
number of times the movements happened. They were 
often bored because the movements were repetitive and 
described the movements in overview (i.e. you moved 
your hand backwards and forwards), omitting details such 
as short horizontal lines showing that the hand stayed still 
for a few seconds. They had a summarised idea of what 
movements were required without linking each line to a 
particular movement. As a result, at the final test there 
were incidents with more descriptions than lines or less 
descriptions than lines. This is an indication that they 
were responding without understanding, showing 
evidence of learning by rote. This behaviour was not 
apparent with ‘doers’ at all.  

There was also a strong link for all ‘doers’ between 
movement and the direction with which the hand would 
move. This was not straight-forward for watchers: they 
sometimes mentioned a wrong direction for the 
movement and there were a couple of students who 
described movements that would result in a completely 
different graph.  

However, none of the pupils interpreted the graph as 
an exact picture of the movement, as found in another 
study [11]: having a visual feedback of the movement 
minimised the picture-like effect which is a common 
misconception in this age [12]. 

In the training session, ‘doers’ performed better than 
watchers. In particular, ‘doers’ were more able to 
translate correctly into hand movements the graph that 
was shown (Figure 2, upper graph). The students at the 
experimental group gained feedback from the system and 
they could see which movement was the appropriate and 
when. However, the students of the control group could 
not relate the feedback to the specific movement.  

It was also noticed that ‘doers’ tended to have more 
standardized behaviour than ‘watchers’. The technology 
and the task triggered their attention and they 
concentrated on their answers. They stayed focused on 
the task while they were doing it and they answered the 
questions of the test thoroughly. On the contrary, the 
participants in the control group paid attention to some of 
the tasks of the session but because of the lack of action, 
they often got bored or distracted. With the action, the 
students had a more consistent performance.  

The structure of the final test made the students re-
think the whole study from the beginning. The first two 
questions of the final test were the same as the last two 
questions of the initial test. Most of the students were able 
to answer them correctly in the test. That means that the 
study was successful in reaching its main aim in both 
conditions: to realise that a straight line on a distance-
time graph shows no movement and the diagonal line 
shows movement. However, the experimenter explained 

these two graphs explicitly in both conditions during the 
teaching session. The second aim was to interpret the 
lines of a graph in terms of hand movements, to realise 
when the hand was still or moving, and when it was 
moving which direction follows. This aim was captured 
by the third question, where the ‘doers’ performed 
significantly better than the ‘watchers’ (Mann-Whitney 
test, z=-1.968, p<0.05). The forth question requested 
them not only to describe the specific hand movement but 
also to mention the values of distance and time where 
there was a change. Even though almost everybody was 
able to describe the movement, very few students from 
either groups mentioned the distance or time values. A 
reason for this could be that during the teaching session 
they did not pay attention to the values obtained. The fifth 
and sixth question tested the fourth aim of the study: The 
fifth question measured that they realised the slope of the 
line carries information for the movement and the sixth 
question that the slope gives the speed of the hand. Most 
of the students in both conditions were able to answer the 
fifth question correctly.  

Regarding their opinion, there was no significant 
difference in their scores. However, when calculating the 
median value of their scores, ‘Doers’ gave a greater score 
than ‘Watchers’. This is an indications that doers’ liked 
what they did more than watchers and they found it a 
more interesting experience as shown on Figure 2.  
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The rest of median values of the scores indicated that 

students in both conditions would like to watch their own 
data; they found the questions of medium difficulty and 
they understood ‘distance-time’ graphs. 
 
Conclusion 
 

The results of the study support the argument that each 
modality covers different aspects of the phenomena and 
challenges prior conceptions of the world. Being able to 
move their own hand and watching a graph to be 
informed, structured ideas about the abstracted 
representation of motion in an enjoyable learning 
experience. Students who did not have access to actional 
information lost the link between the movement and the 



graph, paying attention to the movement only or to the 
graph.  

Scientific concepts can be related to learners’ body 
movements and thus learners become scientists 
themselves and connect concepts to their own body. What 
they feel or do can be translated in abstract 
representations and still be meaningful.  

Action is often mentioned as a trigger to students’ 
involvement and construction of concepts. However, with 
the use of multimodal technologies, action can be 
employed in situations that were difficult to capture and 
study. With such technologies, students can be given 
problems to solve that seem simple but are tricky. The 
‘doers’ set goals and find ways to fulfil them. In such a 
way, they become responsible for their learning and 
attentive of prior conceptions.    

When learning about distance-time graphs, a variety of 
modes are interacting and interplaying: gestures, 
drawings, speech, body. Each mode contributes to 
meaning construction [5]: the graph on the display to get 
a visual backdrop, the hand to locate the discussion in the 
physical setting, movement to make clear the dynamic 
nature of the concept and the graph on paper to produce a 
concise summary. With the aim of an interactive 
simulation, we created an innovative learning experience, 
which the participants enjoyed. Multimodal technologies 
have a very important role to play in the learning 
experiences of the young people: they enrich the learning 
experiences by capturing data that was difficult to capture 
and visualise.  
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