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Abstract
A prototype multimodal tablet application for learning the physics of motion has been
developed tested and evaluated. By moving their finger across the screen the application
enables the user to map its position and velocity in real-time in terms of graphs. The
learning outcome of those test subjects using the application was compared to a group
that had the same procedure shown to them, as well as getting an explanation of all the
physics involved. There was a small but not significant difference in performance
between these groups on a post-test. However, a larger (arguably significant) difference
was seen between the male and female test subjects for the sub-set of questions of a
more analytical nature.
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1 Introduction
Recently there has been a huge increase in the number of computers in Swedish schools,
(Föreningen Datorn i Utbildningen, 2011) where more than 50% of the community
schools now plan 1-to-1 programs effectively putting a computer in the hands of each
young learner. As of late, a similar increase in the number of touch based devices in the
hands of learners can be seen. This has opened up a new field for the design of touchbased applications meant for education. Traditionally, teaching material to be used by a
learners on their own has relied upon textual representations combined with images, and
in some cases moving pictures and sound. The learner is most often a passive consumer
of the material presented. The new-touch based devices such as the iPad, smartphones
and android tablets makes possible a more interactive component to the learning
experience. This can be seen in the ever-growing number of “apps” available for
children and young learners in the apple and android marketplaces. Oftentimes these
applications are still very much like the traditional learning material dressed in a digital
robe, not fully taking advantage of the possibilities of the new technology. In cognitive
science the research on multimodal representations of complex concepts in science
stress the importance of a multitude of senses to be involved in the learning process. For
example: iPad applications for learning physics are often written in a way that involves
sound, text, images, and moving objects. But the interaction with the learner is still
restricted to the activation of a specific movement or event. The actual movement or
other physical process under study is still generated by the computer (such as the iPad)
for the learner to observe and in some cases manipulate. The learner observes a moving
object and might be presented with information about the motion in terms of graphs
showing the speed versus time. But they do not produce the motion.
This thesis will present and evaluate a method for doing precicely this - studying
the motion of your own hand in real time using a nowadays almost ubiquitous type of
hardware. Donovan & Bransford (2005), as well as Linn & Eylon (2011), stress the
importance of this kind of embodied multimodal learning experience. Especially when
it comes to different kinds of representations of mathematical abstractions of physical
processes and events. With the introduction of touch and gesture based devices the
students own body can now be made a much larger part of the learning experience,
adding the sense of touch and movement to the list of representations and modalities.
We will look specifically at the topic of physics education and how the new
technology can be used to support the students understanding of its mathematical
representations. The need for new ideas when it comes to the teaching of physics in
Swedish schools is stressed by Skolverket (2009). Bridging the gap between the
qualitative understanding and the ability to perform quantitative calculations in physics
education is essential for the Swedish gymnasie-pupils1	
  not to lose interest in the subject
(Skolverket, 2009). The same can be said about the ability to compete with other
1

The swedish ”Gymnasium” (year 10-12) corresponds roughly to the american high
school.
2

As compared to using their hands in gestures while doing the post-test.
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The null hypothesis being that there would be no difference between the two genders. If the hypothesis
would have been that male students outperform female students, the critical value for the corresponding
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sources of knowledge and information in the ever-growing media arena on its different
platforms, such as the new mobile devices in the hands of most students of today, and
certainly tomorrow. We do need to catch the attention of the new generation of learners
(Skolinspektionen, 2010). Taking the learning to the arenas where they already spend
time and know their way around is one way to go about it. At the same time utilizing the
possibility for a broader range of senses to be involved in the learning process would
potentially increase the learning outcome. If the students could interact with, manipulate
and produce the objects being studied, the idea is that they would get more emotionally
involved in the learning process. If this perceptual type of learning process is turned into
a game-based activity, the effect could be enlarged even further. This would also
provide part of the variation in the teaching of physics that the (Swedish) pupils calls for
(Skolinspektionen, 2010), and as well as the type of variation stressed by Rose (1985).
The contribution of this thesis is the creation and evaluation of an application
specifically designed for learning the physics of motion using touch based consumer
technology such as the iPad. Touching the screen, a distance-time and a velocity-time
graph is produced in real time at the tip of the user's finger (see Figure 1).
The application will potentially
support learners in the understanding of
these different graphical representations
of motion. They will also learn to see the
connections between them, and the
connections to the actual movement they
represent. The learning experience thus
includes embodied interactions involving
several sensory modalities. The design
and envisioned usage scenarios is based
on theoretical argument and research as
Figure 1: An early prototype of the application as
presented in the next chapter.
implemented on an android tablet.
The developed prototype application
has been blind tested on gymnasium
pupils divided into two groups. In one group the students get to use the application
without supervision. These students are the test group called “doers”. The other group
of students are shown the application and get instructions around the topics it illustrates
in a more traditional, formal, classroom setting. This group acts like a reference group
and is called the “watcher” group. The hypothesis being that, although the watcher
group gets more formal information and instructions on the physics involved (they get
to know what is “right”) the doer group will perform better on a post test due to the
embodied multimodal personal interaction, as was found by Anastopoulou, Sharples
and Baber (2011).
The final goal of this work (on a grander scheme than this thesis) is to enable
learners to use the kind of application developed in both formal and informal settings.
The aim of this thesis is to verify the findings by Anastopoulou et al. (2011) in general,
using the developed method specifically. It also aims to look into the proposed line of
research from Anastopoulou et al. (2011) where it was observed that many of the test
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persons in the doer group made gestures with their hands during the post-test. As if they
were actually using the apparatus used in that study. The ability to visualize the
movements in the questionaire was proposed as a way to explain the results in the above
mentioned paper.
The rest of this thesis continues with a theoretical background, and an overview of
related work in chapter 2, a description of the research questions and hypotheses in
chapter 3, a description of the prototype application in a typical pedagogical scenario
setting in chapter 4, a description of the quantitative test design in chapter 5, the result
of the test in chapter 6, an analysis of the results in chapter 7, and some conclusions and
a discussion in chapter 8. Finally, an outlook will lead into a more concrete list of
proposed future research in chapter 9.

2 Theoretical background and related work
At the present moment it is the author’s opinion that there is a lack of high quality
physics applications taking learning- and cognitive science into account. In October of
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 could be
the way to go in terms of spreading this kind of application, and hence their pedagogical
content. So far, studies on the use of apps not specifically designed for physics such as
that from Kelly (2011) also point in that direction.
Below we will review a number of research results that have been identified as
pointing to real possibilities in tackling the challenge of teaching young learners the
meaning of abstract mathematical representations within physics. This will further
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. We
will thus point at some solutions already being tested in the same area as the work
presented here. First WEwill introduce the main theoretical concepts of importance for
this kind of study.

2.1 Graphical representations of motion in physics education
The conventional illustration of
motion in terms of graphs is
distance versus time (d-t) and
velocity versus time (v-t) graphs
(see Figure 2) illustrating how an
object's position and velocity
changes with time. This study
concerns learners’ ability to
interpret and produce these kinds
of illustrations, as well as finding
the connections between them.
There is a multitude of
sources for knowledge about

Figure 2: A d-t (blue) and v-t graph (red) illustrating a particular
motion.
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learners understanding of physics concepts connected to the physics of motion, and
graphing of motion in particular. Some of these sources also contain elements of the
methods and theoretical keywords for this thesis. In Beichner (1990) it was found that
the simultaneous production of graphs with the visualization of the motion did not in
itself seem to have a significant effect on the students learning and understanding. It
was pointed out that what was probably of importance would be the student being able
to control and manipulate the motion connected to the graphical visualizations. In Lucia
& Cicero (2010) the positive effects of the use of a motion sensor as a mean to aid
students get the connection between real world motion and the abstract representations
of these physical real world phenomena were studied. The method (application) tested
in this thesis takes both these conciderations into account as implemented in the
application. The students do manipulate and control the motion represented by the
graphical visualization. They do this by means of what could be called a motion sensor
where the iPad screen senses the motion of the students’ finger.

2.2 Multiple and Multimodal Representations
With Multiple representations of a concept like velocity, one generally refers to the
different ways of illustrating that same concept. It could be done in terms of a formula,
say 𝑣(𝑡) = 𝑣! + 9.82𝑡, illustrating the change in vertical speed for a free falling body.
It could also be done in terms of a movie showing the actual fall, a graph showing the
velocity as a function of time, or as a series of vectors of different length. Ainsworth
(2008) stresses the importance of the use of multiple representations such as graphical
ones together with others when it comes to aiding students in understanding complex
scientific concepts. Kaput (1989) argues that: “the cognitive linking of representations
creates a whole that is more than the sum of its parts”.
Multimodal representations on the other hand generally refer to representations
involving the different sensory modalities such as hearing, sight or touch, in
combination with communicative modalities. Examples of communicative modalities
are gestures, speech, or images. The motion of an ambulance could be communicated
using moving images or a table of values of position and time as perceived through the
visual modality. Adding sound would add the possibility to experience the Doppler
effect as the ambulance passes. Standing at a zebra crossing, you could actually feel the
ambulance passing as the pressure wave hits you, involving yet another modality in
your experience of the ambulance motion.
In the test of the application developed for this study, the user is presented with
a textual or graphical representation of motion. When they use the application they
involve their visual modality, in coordination with tactile/kinaesthetic modalities as they
communicate and interact with the graphical representations using hand gestures. The
learning experience thus involves the learners’ body more than just passively observing.
In using his or hers sensory modalities, the learning becomes more of a “learning by
doing” type. The intertwining of different modalities and the fact that the learner
produces the object of study with their body is the key idea behind the proposed
learning outcome, as drawn from the cognitive and learning sciences.
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2.3 Related Work and recent efforts
In a recent paper, Anastopoulou et al. (2011) demonstrated the above-mentioned
importance and power of getting the students and their bodies involved in the learning
process. They studied the effect on learning outcome by the creation and manipulation
of representations involving multiple modalities and types describing the meaning of
mathematical concepts of motion such as speed, distance, time. Being able to produce
and manipulate graphs showing the displacement and velocity of their hands moving as
a function of time was shown to significantly increase the learning outcome. They
compared pre- and post-tests with students that did not involve their own bodies in the
learning process but instead watched a teacher perform the same action. The
background to the study by Anastopoulou et al. (2011) was inspired by Papert (1980).
Papert suggested that by using their own bodies to construct symbolic representations
students could be aided in their learning. A suggestion further stressed by Cox (1999).
WEpropose to build on and spread this kind of learning activity. This can be done in
terms of touch- and gesture based applications for tablets, smartphones and digital
whiteboards, in line with the conclusions Kellman, Massey and Son (2009) and
suggestions from Anastopoulou et al. (2011). They propose that; “Providing students
with personal multimodal technologies may help them to engage in learning science
concepts”.
The second major work that the suggested approach of this thesis is based upon is the
study presented by Kellman et al. (2009). The idea being that the methods presented in
that paper could increase the effect presented by Anastopoulou et al. (2011). It would do
so e.g. by enabling students to learn in a more informal setting on their own. In the
study by Kellman et al. (2009), the learners were given the task to pair graphs with
other representations such as equations and written text on a computer before receiving
any formal instructions. The hope was that after many trials they would see the patterns
and connections between the different representations and what they actually represent.
This was indeed what was observed. The students were also later observed to pick up
the more formal instructions and concepts of mathematical graphical representations
easier. The knowledge taught with this inverted approach was also recorded to stick
longer, compared to the traditional method where the students are presented with formal
education first and problems solving second. Similarly, the suggested design in this
thesis hypothetically would let the learners find and see patterns and connections
between graphs without the need of formal instructions.
Some efforts in the direction pointed out above have already been made. There are a
few 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). Here the learner can film an object in motion,
and then use the iPads touch capability to extract graphical representations of the
objects motion. Kelly (2011) has studied the use of publicly available game-like apps
for iPod touch (mostly not especially made for physics studies) in middle school physics
education. A great deal of benefit e.g. from the standpoint of the students engagement
level was found. A study carried out by Barab and colleagues (2007) further stresses the
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importance of engaging the learners in embodied participation. The application
presented in this paper could then be part of the multitude of embodied practices sought
for by Barab et al. (2007). Furthermore, major research efforts and development of
hardware, like that of Texas Instruments (2011) build upon similar ideas as those
presented here. However, the aspects of embodiment - using multi-touch or body
movement - and informal perceptual learning has not been realized in one application.
Neither does any of the above efforts include for the learners to generate and interact
with the graphical representations directly using their own bodies. Hence there is no
real-time multimodal feedback. Recently however, SmalLab Learning (SmalLab
Learning, 2012) has come up with a combination of Kinect type hardware and software
similar to that described in this thesis. In one of the SmalLab scenarios within the Flow
concept, the learner move their hands up and down, with the task to match the motion
with more abstract representations of motion such as graph or equations. SmalLab
Learning also did research on their designs of combinations of hardware and software
scenarios. The effects on learning, specifically looking at the effect of embodied
learning were also evaluated with overall positive results as can be seen in (Birchfield &
Johnson-Glenberg, 2010). At the time of design and production of the application
studied in this thesis, these later mentioned efforts from SmalLab were not known to the
author. So, most of the features and design aspects were derived from the research of
Anastopoulou et al. (2011) and repackaged to fit and function in touch-based hardware
such as the iPad.

3 Research questions and hypotheses
In the work by Anastopoulou et al. (2011) one clear result was shown - the students
performed significantly better if they used their hands to generate graphical
representations of motion in the learning process2. This was a significant finding in
more than one way, since the reference group got instructions and explanations on the
physics involved and were guaranteed to get the right answers to the training questions,
potentially giving them a head-start compared to the test group. Furthermore the results
were solely due to the difference in score between the two groups on the more analytical
questions aimed for understanding the relationships between the two different types of
graphical representations (questions 6-9 in appendix 2).
Coupled to these findings is the first aim of this thesis as expressed in Research
Question 1 and the corresponding Hypothesis 1 below. It can be seen as a confirmation
of the findings of Anastopoulou et al. (2011). But, it is also an extension of the same
study when it comes to the age group of the test persons and the actual technology and
input method used. In this study an iPad application is visualising graphical
representations (see Figure 1) of the concepts of motion - position and velocity as a
function of time. The reference group consists of students experiencing a lecture where
the same application is used and shown, and where the concepts and content are
explained.

2

As compared to using their hands in gestures while doing the post-test.
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Research Question 1: Will the students using their hands in the learning process
(the “doers”) perform significantly better than those in the control group (the
“watchers”) on the analytical type of questions?
Hypothesis 1: The test group - the doers - will perform significantly better
compared to the reference group (the watchers) on a post test on the more analytical
types of questions (6-9 in appendix 2) while no such difference will be seen for the
more descriptive type of questions (1-5 in appendix 2).
This research question aim to verify the evidence that a multimodal learning experience,
mixing simultaneous visual impression with hand gestures performed and experienced
by the learner will improve his or hers learning. In particular, the question aims at
providing insight to the specific example of learning about the graphical representations
of motion in physics using the learners’ own motion as the object of inquiry.
Mentioned in Anastopoulou et al. (2011) was the observation that many of the doers
used their hands during the post-test, in such a manner as if they tried to recall or
recreate the motion of their hand during the learning session. To test if this might be the
case - that using your hands to recall/recreate the motion in a test-scenario can help you
perform better - a second research question and a corresponding hypothesis is tested.
Research Question 2: Will the test persons using their hands during the post-test
in such a way as to mimic the hand movement described in the questions perform better
compared to the test persons that don't on the more analytical type of questions?
Hypothesis 2: Test persons moving their hands on the post-test in a similar
fashion as when using the application will score significantly higher compared to those
that do not on the more analytical type of questions.
This hypothesis could help find alternative explanations to the difference in results for
doers and watchers found by Anastopoulou et al. (2011).
In that paper there was no difference reported when it comes to the gender of the
test persons. However, this is basically a default question to ask.
Research Question 3: Is there a difference in performance on the post-test
results between the male and female test subjects?
Hypothesis 3: There will be no significant difference on the post-test results
between male and female test subjects on the more analytical type of questions
Parallel to the above more theoretical questions, the evaluation of the developed
application will also test a more practical question of pedagogical interest. Namely if it
is possible for a young learner to grasp the abstract concepts of motion in a learning
setting with little or no help or guidance from a teacher. This last research question will
be evaluated in a more qualitative fashion looking at how well the students managed to
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cope on their own during the training sessions. Will they need support to get started
during the training session? Will they need help using the different features in the
application?
Research Question 4: Can this type of knowledge and understanding be obtained
using an application on an iPad, without the aid of a teacher for explanations and
guidance? How does the gained knowledge after this type of learning activity compare
to that of a more teacher guided learning activity approach?

4 The Application - method and design
In Anastopoulou et al. (2011) the method of generating and interacting with the graphs
is not the same as in this study. There, the learners’ hand motion was measured
“directly” using a motion sensor attached to the test person’s hand. The application
developed as part of this thesis measures the speed of the learners’ motion in terms of
the finger moving across the screen of a tablet. The motion is then turned into a
velocity- and distance versus time graph respectively.
After some early test versions implemented on an android tablet, the application
used in this study was developed as a native iOS application to run on an Apple iPad.
Therefore the programming language Objective-C as well as the Cocoa Touch
Framework were used. All the programming was done using the IDE Xcode 4.x
provided by Apple. It was build to run on devices with the major release of iOS 5. The
graphical representation of the Velocity application is based on OpenGL ES.
Apart from including the proposed basic functionality, the main ideas for the application
from a design point of view was the following:
●
●
●
●

ease of use
no instruction or teacher needed
features should be easy to grasp and discoverable
enabling self-studies

This would enhance the potential for learning in a more informal setting. There is a
large number of features that could be implemented to support the basic pedagogical
ideas behind learning about motion and graphs. The prototype application used in the
evaluation phase of this thesis included the basic features needed to perform the
experiment on students. The more technical aspects of the design are outside the scope
of this thesis, but some information regarding this matter can be found in the paper by
Davidsson (2012).
Below follows a brief description of the main features and the operation of the
application from a learner's point of view. As shown in the instructions section of the
application (see Figure 3 below), the main view shows a coordinate system with a white
y- and x-axis on a grey background. On the right edge of this main field a black dot is
connected with a green (the upper) line that paints out the motion of the users finger.
When the application is running the entire graph moves to the left at a constant speed.
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Touching or releasing the screen this apparent motion is turned on or off. At the same
time a red line shows the corresponding velocity in the y-direction of the finger
touching the screen. This red line, the velocity-time graph can be turned on or off as an
option from the top-panel inside the application. The students use this feature in the
training session where e.g. they first perform a motion and then are asked to draw the
corresponding velocity-time graph. The “answer” can then be displayed by turning the
red (velocity) graph on.

Figure 3: The instructions section of the application on the iPad showing an example of a d-t and a v-t graph

The rest of the main features of the application utilized in this study are shown in Figure
4 below. The user can turn the grid on or off providing a help for the eye e.g. when
comparing the two kinds of graphs. The user can turn on and off the velocity-time
graph, and of course the scene can be reset, emptying the screen of any graphical
representations.

9

Figure 4: The application in action and some of the main features controlled using buttons on the top of the
screen.

As pointed out in Anastopoulou et al. (2011), the velocity graph corresponding to a
certain real-life motion can easily look spiky and full of fine details, due to the non
“perfect” nature of any movement. Another factor adding to this is that the interface or
apparatus capturing the motion is not perfect in its measurements. These fine detailed
(see Figure 5) features are not essential when it comes to studying the main features of a
movement and the corresponding graphs. Especially when it comes to making
connections between a distance-time graph and a velocity-time graph, these details
could easily distract the user from looking at the main features of the motions graphical
representations. At the same time the amount of information will also be much too large
for a user to process in a real time generation and interpretation of a graph. To
overcome this problem a “quantization” of the velocity was implemented where the
velocity-time graph value displayed was changed only if the actual calculation of the
velocity from the finger motion changed by an amount larger than a certain value,
effectively suppressing the fine-grained structure of the “raw” data calculation. This
feature can be turned on or off by the user. The student was urged to use this feature on
several of the training tasks during the trials.
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Figure 5: An image showing the jaggedness of the v-t graph without the quantization turned on.

5 Test design
To make comparisons possible with the study by Anastopoulou et al. (2011), the testing
of the application was done in an as similar manner as the circumstances allowed. The
quasi-experimental test was performed on 26 gymnasie-pupils of ages 17-18, divided
into two sub-sets of 13 pupils each. One subset got to use the application. They
constitute the “doer” group. The other subset got a lesson in a more formal setting
where the author used and showed the application. These students constitute the
“watcher” group. All test persons were pupils at a gymnasium science program. At the
time of the trials they were on the last semester of their gymnasium studies, with the
summer holiday around the corner. The students were tested in groups, in a total of five
sessions, three doer and two watcher sessions. This is perhaps the most significant
difference in the design of this study compared to the study of Anastopoulou et al.
(2011) where each student was tested individually. This study thus involves the testing
of an application designed to be used in formal but also in more informal settings with
none or little assistance from a teacher. This difference will be discussed in the closing
chapter of this thesis. Each of the sessions lasted around one hour and 15 minutes.
During the sessions a colleague, from now on denoted test leader number two assisted
in blinding the results from test leader number one (the author) who would later score
the tests. Both test leaders made observations related to hypothesis number two during
the post-test. The instruction was to make a note for the respective student every time
that student moved their hand in such a way that it could be interpreted as if they were
visualizing the use of the application although they did not have access to the iPad.
Being two observers made it less likely that such movements from any of the 5-7 test
subjects would pass unseen.
In short, each session started with a pre test to gauge the students’ pre
knowledge on the topic. Then they went through a training session where they
individually got to use (doers) or see test leader number one use the application in the
watchers sessions. During the training they answered a number of questions on a form.
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Then followed a post test where both groups got to answer a number of questions on
their own, with no aids but pen and paper. We will now describe the sessions in more
detail as they took place according to a prepared schedule.

5.1 The doer sessions
Below follows a timeline of the doer sessions.
1
2
3
4
5
6
7

8
9
10
11
12
13

14
15

16

The students were placed in a slightly U-shaped form in front of the two test
leaders
Test leader number two assigned a random number for each student kept secret
to test leader number one
Test leader number one introduced the students to the test
Test leader number one briefly showed the application including the main
features and buttons that the learner should be able to control
Test leader number two handed out the pre test (see questions 1-4 in appendix A
The students individually finished the pre test in around 10 minutes with some
variation
When a test subject was ready with the pre test they were instructed to raise their
hand and were then handed an iPad with the application installed and already
opened
Each student were to answers a number of assignments as training (see questions
5-11 in appendix A) with the help of the application
When each student was ready with the training session, they were asked to wait
until the rest of the group were finished (generally step 8 took 30-40 minutes)
They were also asked to review the questions again, and to try the application
some more
When all test subjects were ready, the sheets of papers containing the pre-test
and training questions were collected
The post-test (see appendix B) was handed out
During the 20-30 minutes post-test the two test leaders observed the students
independently taking notes to collect data to test the third hypothesis on a scoresheet
When the students were ready, if they had time left, they were prompted to look
at their answers again
When time was out, the tests were collected and the identity of the test person
for each test sheet was kept safe using the randomly assigned number instead of
the name of the student on the test
The list of random numbers paired with the names of the students was put in a
sealed envelop, and so were the tests and score-sheets

One interesting observation made during the doer sessions was that the time the students
actively interacted with the application versus the time they spent writing down the
answers to the questions (or doing something else) varied quite a lot. However, there
was no rigorous quantitative data collected on this matter.

12

5.2 The watcher sessions
Below follows a timeline of the watcher sessions. The first part of the watcher sessions
was identical to that of the doer sessions.
1
2

The students were placed in a slightly U-shaped form before the two test leaders
Test leader number two assigned a random number for each student kept secret
to test leader number one
3 Test leader number one introduced the students to the test
4 Test leader number one briefly showed the application including the main
features buttons that the learner would later see as shown by test leader one
5 Test leader number two handed out the pre test (see questions 1-4 in appendix A
6 The students individually finished the pre test in around 10 minutes with some
variation
7 When the students were ready with the pre-test, test person one turned on a
document camera on
8 The application running on an iPad was shown on a projecting screen filmed
with the document camera
9 The training session began with test person one reading each of the questions in
order, giving time for reflection when so was asked for
10 Test leader one further guided the students towards the answer using the
application as shown on the movie screen
11 When all training questions were finished, the first worksheet of questions was
collected
12 The post-test was handed out, processed by the test persons and later collected
using the same procedure as in the doer sessions (steps 12-16)
In all, roughly the same time was spent learning before the post-test for both doers and
watchers. Now follows a few notes on the training session (step 9-10 above): The
graphs and the finger motions producing them performed by test leader number one
were often repeated several times. By doing this, the test persons would get the same
chance of seeing the connection between the actual movement and the graphical
representations, as was the case for the doers. The difference was that the watchers did
not have the ability to personally interact with the graphs, manipulating them with their
own hands. On the other hand, the watchers had the chance to ask questions, and they
were guaranteed to get the correct answers for the training-sheet questions presented to
them. They also got an explanation of the graphs and the correlations between them, as
well as the connection to the actual motion that produced them. This latter connection is
hypothesised to be stronger for the doers since they themselves actually perform the
motions generating the graphs. Apart from these hypothesised advantages, the
efficiency and quality of the watchers session was intended to be as good as possible, so
no other (obvious) factors could account for a potential observed (positive) effect thus
seemingly confirming the hypotheses above.

13

6 Results
Here, the results of the students’ pre- and post-test will be shown. The test scores (see
Table 1 and Table 2) are presented in terms of the median values for each group, the
normal practice for ordinal data. Ordinal data in contrast to interval data points are not
suitable for a direct analysis e.g. in terms of statistical standard deviations. To find out
whether one group performs better or worse compared to another group one needs to
apply a different method, as described in the analysis section. The number of test
subjects in each category is shown under the column header (n). For the post tests the
median values for the total scores of questions 1-5 and 6-9 are shown in table and
diagram form. The two groups of questions are related to the two categories descriptive and analytical - of interest in hypotheses 1-3.

6.1 Pre intervention test results
Group

(n)

Median value (max. 19)

Doers

13

18

Watchers

13

17

Gesture group

7

18

No gesture group

19

18

Male

11

18

Female

15

17

Table 1: The raw data result of the pre-test for the different groups of interest.

6.2 Post intervention test results
Group

(n)

Median Q 1-5

Median Q 6-9

Doers

13

9

16

Watchers

13

8

13

Gesture group

7

9

16

No gesture group

19

8

13

Male

11

9

16

Female

15

8

11

Table 2: The results of the two sets of questions in the post-test for the different groups of interest.

Below (see Figure 7 through Figure 9) the raw data results are presented in bar-chart
format, comparing the post-test results for the doers vs. watchers and female vs. male
test subjects.
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Figure 7: The results on the post-test questions 1-5 comparing
the doer group and the watchers group.

Figure 6: The results on the post-test question 1-5 comparing the
male and female test subjects.

Figure 8: The distribution of results on the post-test questions 6-9
comparing the doer group and the watcher group.

Figure 9: The distribution of results on the post-test questions 6-9
comparing the male and female test subjects.

7 Analysis of results
To analyse this type of quantitative data, it is hard to analyse if the differences between
the mean or median values of the two samples are actually significant using measures
like standard deviations directly. This is due to the ordinal nature of the data as
compared to the interval type of data, e.g. the distribution of measured masses for a
particle in a collider experiment. For this reason the more suitable Mann-Whitney U-test
(M-W test for short) was used. In short, this test compares two samples of independent
data, and assess if one set of data tends to have larger values than the other. The test
scores are first translated into ranking scores, the lowest test score getting the lowest
rank. The 26 test results are hence ranked from 1-26. The M-W test gives you the
number of standard deviations differing between the rankings of the samples in terms of
a standard score, Z. A Z-value of (more than) 1.65, the so-called critical value in a onedirectional test, indicates a rejection of the null hypothesis, leaving less than a 5%
probability (𝑝 < 0.05) that the observed result is due to chance.
When correcting tasks of this sort, there is always some room for subjective
interpretation. To control if this could change the outcome of the study, a second round
of correcting the test with less generous interpretations of the students’ answers was
performed, the results of this exercise did not change any of the final conclusions.
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Below we will first analyse the raw pre-intervention test scores for the different
groups. Then follows the analysis of the post-intervention test data for hypotheses 1-3
using the Mann-Whitney U-test, looking at each hypothesis on its own. The observed
difference between genders will be used to try to control for this factor by means of a
correction for the gender difference in a re-analysis of hypothesis 1-2. This in an
attempt to separate the influence of gender from the influence of application use on the
post-test results.
The fact that not only one hypothesis has been analysed will be discussed in the
last part of the analysis section. If you have multiple (independent) hypotheses in a test
like this, there is always the chance that one of them will be accepted (passing the
𝑝 < 0.05 limit) simply due to chance. This will be dealth in the last part of this section
where it is demanded that the probability of any one of the hypotheses being (wrongly)
accepted should be lower than 5% and what this would imply for the acceptance
significance levels of the individual hypothesis.

7.1 Pre intervention test scores
As can be seen in table (Table 1) above, the median values for the pre intervention test
was close to the maximum number of points for all groups. This tells us that it is hard to
say if there are any major differences in knowledge between the different groups on the
outset of the experiment. Performing a M-W test on the different pairs of groups show
no significant difference between the doer and watcher groups (𝑍 = 0.49, 𝑝 = 0.31) or
between the gesture and no gesture groups (𝑍 = 0.72, 𝑝 = 0.24). The significance
between genders is slightly larger
(𝑍 = 0.96, 𝑝 = 0.17) perhaps suggesting that the male group enter the experiment with
slightly higher knowledge on the subject although this interpretation is not verified
statistically.

7.2 The gender hypothesis
As can be seen above, the largest difference between any two identified groups of test
subjects was that for the post-test scores comparing male and female test subjects. The
median value for the 11 males on the post-test questions 6-9 was 16, compared to the
median value of 11 for the 15 females. In contrast, the median value of the pre-test (or
for questions 1-5) only differed by one point. Performing a M-W test on the post-test
questions 6-9 for these two groups gives a result for the standard score of, Z = 2.18 (see
Table 3), thus passing the critical value, reaching the 𝑝 < 0.05 limit of confidence for a
two-tailed rejection of an individual null hypothesis3. The same test performed on
questions 1-5 did not show any statistically significant difference. For hypothesis 1-2
this fact will be controlled for. The individual scores on the post-test are then measured
in terms of the deviation from the mean value of the respective gender. Thereafter the
M-W test is performed on this new dataset. This procedure is an attempt to single out
the difference between doers and watchers assuming that the observed difference
3

The null hypothesis being that there would be no difference between the two genders. If the hypothesis
would have been that male students outperform female students, the critical value for the corresponding
one-tailed rejection of the null hypothesis would have been more clearly rejected.
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between the genders is a truly generalizable observation. Not making the correction
under this assumption, the difference between the doers and the watchers could be
explained by the fact that the proportion of boys and girls in the doer versus watcher
groups was not equal. The doer group had a higher proportion of boys compared to the
watcher group. A second method to control for the difference in gender in the two
groups was also used to check for consistency. Using this second method (we call it the
4x4 method), the 4 male watchers were grouped together with 4 randomly selected
female watchers and compared to 4 randomly selected male and 4 female doers. This
ensures that the proportion of male and female test subjects was the same in the two
groups. This randomization procedure was performed 5 times followed by a M-W test
on each of these sets of 16 test subjects. Due to the smaller statistics in each of these MW tests a smaller value for the standard Z score was expected. However, it should still
point in the same direction as the gender correction using the first method. This was
indeed the case, with a mean value of the standard Z score of 1.81. A slightly smaller
number compared to 2.18 using the full sample. This is not surprising but could also
point towards the application having some influence as a covariant variable. Therefore,
in the same manner as just described, one could also look at the five sets of randomly
selected subsamples comparing the 4+4 doers with the 4+4 watchers. In these sets of
test persons there are as many doers as watchers, and as many males as females in the
doers and watchers group. Thus if the effect was in fact due to the application being
used, this should be hinted in a M-W test of these five sub-sets of data comparing doers
vs. watchers. The results of this comparison will be shown below.

7.3 The doers versus watchers hypotheses
In Anastopoulou et al. (2011) the by far largest difference in post-test scores between
the doers and watchers were found for question 6-9 gauging the students ability to see
and understanding the correlations between the d-t and v-t graphs. A M-W test
performed on the sum of scores on questions 1-5 is then expected to give a nonsignificant difference between the doers and the watchers. It should be noted that the MW test performed on a sub-set of questions compared to the whole sample is expected to
be smaller due to the smaller possible spread of scores. The following table shows the
standard scores comparing the doers and watcher groups using the M-W test on the two
types of questions (descriptive and analytical) of the post-test. It also shows the
corresponding results for the two gender groups, as well as the results corrected for the
observed gender difference. The median values can be seen in Table 2 above.
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Q: 1-5 Z-scores Q: 6-9 Z-scores (𝑝(𝑝-value)
value)
Doers vs. Watchers

1.28 (𝑝 = 0.10)

1.10 (𝒑 = 𝟎. 𝟏𝟒)

Male vs. Female (2- 1.27 (𝑝 = 0.10)
tailed)

2.18 (𝑝 = 0.0293)

Doers vs. Watchers 1.10 (𝑝 = 0.14)
corrected for Gender

1.10 (𝒑 = 𝟎. 𝟏𝟒)

Table 3: The results of the M-W test showing the Z-scores and the corresponding p-values relevant for
hypotheses 1-2.

It is clear that the only significant difference between the standard scores for questions
1-5 or 6-9 are those between the male and female groups for questions 6-9. On the other
hand, that difference is clearly significant (on its own) passing the critical value for Z
(𝑝 < 0.05). The hypothesis that the increased score for the doers on the posttest would
be mainly due to their better understanding of the connection between the d-t and v-t
graphs cannot be verifyed. This is in clear contrast with the results found in
Anastopoulou et al. (2011). Just as the result for doer vs. watchers was controlled for
the influence of gender, gender could also be controlled for the influence of doer vs.
watchers. This was done using the 4x4 sampling method described in the last section.
This method ensures that the same number of doers and watchers are assigned for each
gender. The corresponding mean Z value for the five randomly assigned groups was
0.61 for questions 6-9, a value that points in the same direction as the one presented in
The main reason for the observed difference between the doers and the watchers thus
seem to be due to the fact that the doers group compared to the watchers group
consisted of proportionally more male than female test persons.

7.4 Gesture versus no gesture hypothesis
In the discussion in Anastopoulou et al. (2011) it was pointed out that many of the
students in the doer-group made gestures with their hands. Gestures that suggested to
the researchers that they envisioned their hand moving in a manner that would produce
the graphs and movements featured in the post-test. It was implied and suggested that
this behaviour could serve as a cognitive link between the motion in question and the
graphical representations as produced by the apparatus used.
Out of the 26 test subjects in this study, 7 were classified as exhibiting these
kinds of hand gestures. Out of these 7, 6 were male. Hence, the gesture group is
expected to perform better than the rest of the group given that we already know that the
male test subjects performed better than the female ones. Or could it be that the
causality here is reversed? Is it being more prone to gesturing that makes the male test
subjects results superior? The standard score for the difference between the gesture
group and the no-gestures group was 𝑍   =   1.10 for questions 6-9. So, this result is
much smaller compared to the standard score difference between the gender groups as a
whole, where 𝑍   =   2.18. For questions 1-5 the difference between the gesture vs. no
gesture group was 𝑍   =   1.04. A further analysis in terms of a M-W test was made to
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compare the 6 male test subjects that performed gestures with the 5 male test subjects
that did not. If the hypothesis under investigation was to be correct, the 6 male gesturemakers are expected to perform better (on questions 6-9) compared to those not making
gestures. However, this was not found. In fact, the effect might be the opposite judging
from the standard score of 𝑍 = −0.27. The negative sign means that the opposite effect
from that being hypothesised was found. So, it seems unlikely that being more prone to
gesturing is what makes the male group perform better compared to the female group. It
might also be worth noticing that 4 out of the 6 male students performing gestures were
also in the doers group. This might even contribute to the smaller difference between
doers and watchers compared to the study by Anastopoulou et al. (2011).
We will now propose one possible explanation of this potential effect, if it was
indeed confirmed in a new analysis. It might be the case that the students not using their
hands while taking the post-test are more likely to know the material and how to answer
the questions correctly. Therefore they would not need the aid of gestures as a visual
cognitive link to get the answers right. So, using your hands when trying to recall what
you learned could rather be an implication that you are not really confident in your
knowledge and ability to answer the questions. To control for this possible effect and
find out if there really could be a benefit from making gestures during a test like this,
one would have to make a more thorough test, where one could e.g. prohibit one group
of students from using their hands in some way during the test, the hypothesis being that
for this group, the mean score would go down.

7.5 A multi-hypothesis analysis
In this thesis not one, but three hypotheses were evaluated using analytical statistical
tools. To claim a discovery, or at least the confirmation on any one of them, the
statistical significance acceptance level need to be adjusted. While it is still true that it is
less than a 5% probability (𝑝 = 0.029) that the observed difference in gender
performance is due to chance, it is more than a 5% probability that any one of the three
hypotheses would be confirmed due to chance. Making three “guesses” gives you a
larger chance of being lucky compared to making just one guess, to make an analogy.
So what confidence levels should be used for the individual hypotheses such that the
total probability of any one of them is accepted by chance should be less than 5%? The
answer is 𝑝 = 0.017. So basically this means that neither the finding of gender
difference (with a 𝑝 = 0.029) should be accepted as statistically significant, looking at
this work as a whole. It could however be used as a hypothesis generating result, to be
confirmed by more data.

8 Conclusions and discussion
In the analysis section of this thesis, some conclusions have undoubtedly already been
made. In this section we will summarize and expand on these and discuss possible
further efforts. We will then continue to discuss some observations made during the
tests and what interesting questions could be worthy of further study looking back at the
work as a whole. We will also make suggestions on how to improve the method used in
this work.
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The main conclusion from this thesis (in terms of its statistical significance)
would be that there seem to be a difference between the two genders when it comes to
the understanding of the more complex questions of the relationships between the
different types of graphical representations of motions studied. Male students seem to
do better on these types of questions while the difference is smaller on the more
straightforward tasks concerning the description of motion with graphs and vice versa the interpretation of graphs in terms of real world motion. The result is not statistically
significant in the grand scheme of this analysis due to the fact that several hypotheses
were tested simultaneously as explained in the last section.
Correcting for the difference of gender, the results of Anastopoulou et al. (2011)
cannot be reproduced with the same level of statistical significance as in that analysis.
The results of this study hardly contradict the above-mentioned study however. Thus,
failing to reject the corresponding null-hypothesis, the conclusion that learners using
their hands when learning using the application developed cannot be drawn from the
data presented here. To settle the question, one would need a larger statistical sample (or
only analyse that specific hypothesis), preferably with the same distribution among the
genders in the different test groups. In this work, this was not of high priority and due to
practical reasons was not realised.
If this proposed analysis was to be done, some further improvement could be
implemented making it more experimental as compared to the presented quasiexperimental setup. For example, the test should be double blinded. Due to practical
reasons the person making the grading was present during the post-test. One interesting
aspect would be to look at the time the students spend using the application, if that has
any bearing on their results. In this analysis it was observed that this time varied quite a
lot.
Furthermore there seem to be no difference in the learning outcome from those
students prone to using their hands in gestures when solving problems compared to
those students who do not use their hands.
With regards to hypothesis 4 it seems clear that the developed application works
well for learning in informal settings without the need of teachers guidance. There was
only a very few instances where the learners in the doers group needed any help during
the training session. An application like this could thus be used in a “flipped classroom”
kind of setting, where the learner can explore and learn about the quite complex
concepts of graphical representations of motion on their own. The explosion of the
number of tablets in schools and in the homes of students makes this a possible reality.
A valid point of discussion is the fact that the learning session with the iPad was
quite short. Furthermore it was not spontaneous from the learners’ side, and the learning
opportunity was not placed at the logical time spot for the students. The risk for quite a
low level of motivation from the students’ side is not negligible. One questions left for
investigation relating to this observation would be to explore what kind of effect a
longer usage would lead to. Putting the usage of the application in context, together
with and as a complement to more formal learning: what would the result be of a more
blended learning setting? Involving both this type of application as well as more
traditional education?
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One question raised early in this work about the method used is if the
introduction of a new “layer” (the finger marker on the screen) between the generation
of motion and the visualization of the motion will weaken the link between the
mover/movement and the graphical representation? Compared to the original study
where the motion of the hand was measured “directly”. On the other hand, compared to
the method of the original study, visually speaking, the distance graph is presented at
the same physical place as the test subjects hand, thus potentially increasing the same
type of cognitive linkage.

8.1 Student activity and motivation
As already mentioned above, the time spent using the application was observed to vary
quite substantially between the different doer-group test subjects. One reflection on this
is that making the test with only one test person for each session, it might be easier to
guide the learner to use the application more actively. With the same line of reasoning it
might be easier to motivate the student into actually engaging in the task. The risk of the
learners’ thoughts wandering somewhere else could also be smaller if performing the
tests individually instead of in groups. It could also be useful to film the sessions in
order to be able to calculate the amount of time-spent using the application. This could
potentially explain some of the differences between this and the study of Anastopoulou
et al. (2011) where the test subjects had a self-selected interest in science.
Another observation that would call for improvement is that during the
demonstration of the applications different functions, in the first doer session, it was not
explicitly stated that it is the velocity in the up-down (y-) direction that is measured and
graphed. In this session at least one of the students were seen making finger movements
suggesting to the author that they did not yet realise this fact. That student was however
made aware of the situation as the students finger movements was observed to change.
In the following doer sessions, as well as the watcher sessions this was made clear in the
demonstration of the application.

8.2 Gender difference
Beichner (1990) found that male students performed better on tasks similar to those
used in the post-test of this thesis. However, in the mentioned study the male students
also performed significantly better on the pre-test. In fact, it was stated that both male
and female students gained the same amount of knowledge from the studied learning
activity including the simultaneous presentation of motion and different graphical
representations. Even though this study did not include all of the modalities activated in
the learning process studied in this thesis, it is evidence that the understanding of
graphical representations of motion has been observed to differ between the two
genders. Perhaps, if making the pre-test more elaborate and perhaps include more
complex questions, the difference between the male and female test subjects in this
study would be significant. As it stands, the pre-test left little room to make this kind of
differentiation. More general (but still relevant) differences between male and female
physics students’ achievements have been pointed out by e.g. Lorenzo, Crouch and
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Mazur (2006) and by Pendrill (2005). Mazur et al. (2006) also point out that the more
interactive methods of learning can be used to decrease the gender differences.

9 Outlook and future efforts
There are several already stated ambitions when it comes to settling questions going
into this investigation, as well as resulting from it. The questions of gender difference,
the hypothesised difference between the embodied vs. more traditional learning, and the
question of whether using gestures as a way to summon mental images of the studied
material could all be settled expanding the types of investigations described in this
thesis.
At the moment of writing, our department is establishing contats with several
schools to make possible more formalized larger scale studies. This would enable a
more structured approach with a higher level of control over variables such as gender.
Also, the grades of students could be compared with their progress using the type of
application developed here. One could envision a study in a blended learning setting
where the effect of informal and formal learning could be compared, testing the students
before, during and after an intervention. The test design in Birchfield and JohnsonGlenberg (2010) could be used, where one group of students gets instructions in a
formal learning setting, then they get to learn using the more informal technology aided
tools. Another group goes through the same steps and instructions, but in the reversed
order. They are tested before in between and after the two learning stages. In a more
formalised long-term research setting, this learning process could be inserted at the
proper time in the students’ curriculum.
Apart from the already stated ambitions, a wide line of enhancements and new
areas for this type of application is possible using the same or other types of hardware.
The usage of the new types of internet-connected touch based platforms opens up the
possibility to add more features motivated by the theoretical assumptions discussed in
this thesis. 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 in accordance with a
velocity-time graph. Using the built in GPS functionality of their phone or tablet, the
speed and place of their location would then be recorded and illustrated. Once again
involving the student and their bodies in the construction/reproduction of abstract
representations. A similar functionality has been implemented by SmalLab Learning
(2011). Also the application described in this thesis implemented on a digital
whiteboard, extending the bodily motion to a larger scale could be looked into.
Another line of research and development to be implemented in this type of
application would be a richer integration of the concept of perceptual learning. As used
in the experiments described in this thesis, the perceptual learning was accomplished by
combining the students’ pre-test and training worksheets with the usage of the
application. A typical learning scenario that could be implemented would be for the
student to be presented with a v-t graph and be asked to reproduce the d-t graph using
the application. This could be done over and over, and the student would get feedback
in terms of the correct graph and the student generated graph superimposed.
Furthermore the efforts could be scored and the students’ efforts could be stored making
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it possible to track the individuals’ progress. These are all features that have proved
successful when it comes to learning outcome, as shown by e.g. Kellman (2009) or as
implemented by SmalLablearning (2011).
Adding sound into the multimodal experience of motion could also enhance the
learning when using an application of this type. Mapping the finger velocity with the
frequency (pitch) of a sound being played in real time, and perhaps even the possibility
to “record” and replay the motion could be one way to realise this expansion of
multimodality. Another feature to be implemented in the application would be to add
the vector representation of the velocity, as well as the description of two-dimensional
motion. A vector - an arrow showing the direction and speed of the finger - would then
be shown in real time at the tip of the users finger. This would enable the study of a
wider range of multiple representations of motion, as well as a wider range of types of
motion.
To see if the level of engagement and interest in the subject can play any part in
the difference seen in the results of this paper and that of Anastopoulou et al. (2011), it
would be of interest to perform this kind of test on voluntary signed up university level
physics students, or for that matter voluntary gymnasie-pupils. Hopefully the
connections between our department and the neighbouring schools can make this
possible. The end goal with this work would be to incorporate as much as we know of
what attracts young learners to actually engage in the learning process. Hence, the
application needs to be redesigned. Elements of gaming, competetive and collaborative
aspects could make it more attractive to pick up, and engage the young learners of
today. It is my firm belief that the best learning is that which actually takes place.
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Bilagor
Bilaga A
Övningsfrågor
Fråga 1-4 är ett “förtest” för att testa dina kunskaper. Dessa gör du utan hjälp av iPaden.
De efterföljande frågorna kan du besvara med hjälp av appen på iPaden. Skriv dina svar
på frågorna där det är markerat med rutor eller streck, och/eller genom att fylla i
graferna

1. Kan du beskriva de sex graferna nedan?

I

II

2. Vet du...
a. ...vad en Läge-tid graf, ibland även kallad “sträcka-tid, ellr s-t graf visar?

b. …vad en hastighet-tid (v-t) graf visar?

3. Försök nu att tänka dig en graf i termer av din hands rörelse. Kan du tänka ut hur din
hand skulle behöva röra sig för att beskrivas med nedanstående graf? Uppåt i grafen
motsvarar att du rör handen från dig, exempelvis om du rörde fingret framåt över
bordsskivan, eller uppåt, om du rörde handen i luften upp eller ned.
Fyll i och fortsätt med
följande beskrivning:
Först höll du handen
stilla i _____ sekunder,
och sedan....

III

4. Hur skulle hastighet-tid grafen se ut?

Tänk igenom svaren på fråga 1-4 ovan om du inte redan gjort det. Räck upp handen så
får du nu en iPad tilldelad. Till resterande uppgifter på det här övningspappret skall du
använda iPaden. Du skall dock inte ändra något i fråga 1-4 även om du i efterhand
inser att du hade fel på någon av fråga 1-4.
5. Ser hastighet-tid grafen i fråga 4 ut som du förutspådde? Testa med appen och
använd “trappsteg på” funktionen. Om grafen du ritade ovan inte stämde så bra, fyll i
den korrekta grafen nedan. Din skiss behöver inte vara “exakt” utan korrekt i stora drag.

IV

6. Försök att “rita” följande graf med hjälp av appen och skriv därefter ned hur du rörde
din hand. Klicka först bort så att du inte ser hastighet-tid grafen.

7. Kan du nu rita hastighet-tid grafen, för grafen i fråga 6 utan att ta hjälp av appen? När
du är klar kan du trycka på Hastighet på/av för att få reda på svaret. Du kan använda dig
av “trappsteg på” för att göra Hastighet-tid grafen lite jämnare.

V

8. Om du skulle röra din hand från dig i en långsam men konstant fart, och sedan röra
den mot dig med en snabb konstant fart, hur skulle avstånd-tid grafen se ut? Skissa först
utan att ta hjälp av appen.

Stämmer det? Kontrollera med appen. Skissa den korrekta varianten nedan

9. Om du skulle röra handen från dig med konstant hastighet och sedan röra den med
negativ acceleration, hur skulle hastighet-tid grafen se ut?

VI

10. Fundera nu kring följande handrörelse

Här ovan kan du fylla i hastighetsgrafen för ovanstående handrörelse. Du kan använda
appen för att ta reda på hur den skall se ut. Ta reda på svaren till följande frågor

VII

●

När rör sig inte handen? Hur ser du det?

●

När byter den riktning? Hur ser du det?

●

När rör den sig som fortast? Hur ser du det?

●

När rör sig handen som långsammast? Hur ser du det?

●

När accelererar handen? Hur ser du det?

●

När accelererar den som mest? Hur ser du det?

VIII

11. Försök nu att göra en sådan här graf:

När tror du att handen...
a. rör sig med positiv acceleration (rörelse ifrån dig räknas som positiv hastighet) (skriv
A)? ..........................
b. rör sig med negativ acceleration (skriv B)? ..........................
c. rör sig med negativ hastighet (skriv C)?..........................
d. rör sig fortast (skriv D)? ..........................
e. rör sig långsammast (skriv E)? ..........................
Finns det något tidsintervall när handen...
(använd beteckningarna A, B, C, D, E som du markerade ovan när du skriver ditt svar)
f. ...inte rör sig
g. ...byter riktning?
h. ...rör sig med konstan acceleration?
i. ...rör sig med konstant hastighet?

Det var den sista frågan i detta övningspass. Om det finns tid över, titta igenom fråga 511 igen.

IX

Testledarens anteckningar:

Nr:

X

Bilagor
Bilaga B
Avslutande test
Till följande frågor använder du enbart papper, penna och suddigum.

1. Grafen ovan visar:
(beskriv i termer av handrörelse)

2. Grafen ovan visar:
(beskriv i termer av handrörelse)

I

3. Lutningen av en Läge-tid graf visar rörelsens _________________________

4. Lutningen av en Hastighet-tid graf visar rörelsens _________________________

5. Beskriv handrörelserna som nedanstående
graf motsvarar:

6. Hur skulle hastighet-tid grafen se ut?
Fyll i nedan:

II

7. För hastighet-tid grafen nedan, markera i grafen eller förklara med text följande:

a. När accelererar handen?

b. När rör sig inte handen?

c. När byter handen riktning?

d. När rör sig handen som fortast?

e. När rör sig handen som långsammast?

f. När har handen som störst acceleration?
Om du markerar i grafen kan du använda beteckningarna a-f för att visa vilken av
frågorna a-f du menar.

III

8. Skissa en Läge-tid graf för en hand som rör sig från dig och som accelererar från en
hög till låg hastighet

9. Hur skulle hastighet-tid grafen för ovanstående se ut?

Det var den sista frågan. Titta igenom dina svar en gång till om det finns tid kvar. Det är
viktigt att du utnyttjar all tid du har tillgänglig.
Tack för din medverkan!

Mattias Davidsson, forskare vid Medieteknik vid Linnéuniversitetet.
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