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Abstract
Students’ struggle to understand certain threshold concepts in mechanics is
believed to be reducible by better visualization in the often very abstract field
of physics. Technology is used to enhance and facilitate our lives in many
ways, not to mention in education. This study investigates whether students’
understanding of the physical phenomenon torque could be improved through
the use of visualization technology, AR specifically.

The students in the course Mechanics I at KTH participated in the study
by taking two tests on torque. In between those tests, a subgroup of students
participated in a user study where they used an AR application to solve
problems regarding torque. The results of the pre- and post-test indicated that
the subgroup who used the app improved their understanding of torque to a
greater extent than the ones who did not use the app. However, none of the
results were statistically significant. Future research is encouraged to aim at
gaining a larger sample size and introduce grades instead of just pass/fail on
the pre and post-test in order to see more variance in the test results.
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Sammanfattning
Studenters svårigheter att förstå vissa tröskelbegrepp inommekanik tros kunna
minska genom tydligare visualisering inom den annars väldigt abstrakta
disciplinen fysik. Teknik används idag för att både förhöja och underlätta
våra liv på många olika sätt, inte minst när det kommer till utbildning. Denna
studie undersöker huruvida studenters förståelse för det fysiska fenomenet
kraftmoment skulle kunna förbättras genom användandet av visualiserings-
teknologi, specifikt AR.

Studenterna i kursen Mekanik I på KTH deltog i studien genom att skriva
två prov om kraftmoment. Mellan dessa prov var en delgrupp av studenterna
med i en användarstudie där de fick använda en AR-applikation för att lösa
problem rörande kraftmoment. Resultatet av för- och efterprovet visade att
delgruppen som använde appen förbättrade sin förståelse för kraftmoment i
större utsträckning än gruppen som inte använde appen. Dock var inga resultat
statistiskt signifikanta. Framtida forskning uppmuntras att ha större testgrupp
och att introducera betyg på för- och efterprovet (istället för godkänd/icke
godkänd) för att lättare hitta varians i resultaten.
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Chapter 1

Introduction

Technology has become a very naturally integrated part of our everyday
lives. We constantly find ways to solve problems and enhance experiences
through the use of technology, and education is no exception. A recent review
study [1] shows that using advanced technology may help to achieve the
Sustainable Development Goal (SDG) 4 from the United Nations (UN) on
quality education [2].

The official definition of Educational Technology set by the Association
for Educational Communications and Technology reads as follows [3]:

“Educational Technology is the study and ethical practice of
facilitating learning and improving performance by creating,
using and managing appropriate technological processes and
resources.”

A synonym to the concept of Educational Technology is Technology-
Enhanced Learning (TEL). TEL does not hold the same precise definition but
can roughly be described as when technology is used in educational settings
with the purpose of enhancing the students learning. It is a concept that has
been subjected to research for decades, also at KTH1.

Augmented Reality (AR) is a technology that is being increasingly used for
educational purposes. With its possibility to supplement the real world with
computer-generated objects, thus allowing an extension of reality, it enables
the user to experience otherwise impossible scenarios [4]. This property opens
up for many possible areas of use in education, providing teachers with richer

1https://www.kth.se/mid/research/technology-enhanced
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tools of explanation where previously they have only been able to talk about
or show pictures of complex phenomena. Using technology in education can
be a way to implement Active Learning (AL). In 1991, Bonwell and Eison
defined AL as “anything that involves students in doing things and thinking
about the things they are doing” [5]. Research shows that students learn better
when the educational environment encourages them to be actively involved in
their own learning [6, 7, 8].

Teaching a first-year course in basic mechanics, Assistant Professor
Ricardo Vinuesa2 observed that some concepts of physics are harder for
the students to grasp. He, together with Associate Professor in Visualization
Mario Romero3, believed that visualization could help students to more easily
understand concepts of physical phenomena. They came up with the proposal
to develop a technological tool to help students (and possibly the general
public) to understand concepts of physics through visualization. This study
will therefore investigate if an AL setting using technology, in particular AR,
can be useful for students in their learning of physics phenomena.

1.1 Objective
The goal of this project is to develop a prototype in the shape of an AR
application for possibly enhancing the learning of certain physics phenomena.
If the results of the thesis showed positive tendencies, the proposedmethodology
could benefit the intended learning outcomes of the course Mechanics I4 at
KTH, and it would promote an active-learning setting specifically through the
use of technology.

1.2 Research Question
What are the opportunities and challenges for enhancing the learning of
threshold concepts in mechanics through technology, in particular augmented
reality visualization? To answer the question we measure the effectiveness
and efficiency of achieving learning objectives by the development and testing
of a prototype, including user studies.

2At the Department of Engineering Mechanics, School of Engineering Sciences, KTH
3At the Department of Computational Science and Technology, School of Electrical

Engineering and Computer Science, KTH
4https://www.kth.se/student/kurser/kurs/SG1120

https://www.kth.se/student/kurser/kurs/SG1120


Chapter 2

Background

The three main questions, for the structure of this study are: How do people
learn? What role can technology play in learning? How do we measure
learning? In this chapter, the theoretical framework used for answering these
questions will be presented.

2.1 Constructivism
The epistemological framework applied to this thesis is that of constructivism.
Jean Piaget, one of the pioneers within constructivism, claimed that learning
“is provoked, [...], as opposed to spontaneous” [9], meaning that in order
to learn you need to actively experience. According to Piaget, individuals
need to construct their own knowledge, it cannot simply be given to them.
When exposed to new information, individuals will not be able to absorb
and understand it automatically. Instead we compare the new information to
previously acquired knowledge and then adjust our beliefs accordingly, or get
reassurance that knowledge we have already constructed is in fact true [10].
Constructivism and Piaget’s ideas promote a “learn by doing” approach which
motivates the technology-enhanced active-learning environment of this study.

2.2 Active Learning
AL can be described as applied constructivism. It is a learning configuration
built on the assumption that students construct their own knowledge, rather
than on the traditional image of the students being solely recipients. It
promotes the involvement of students in their own learning, instead of relying
on the passive lecture-based model. Studies have shown that encouraging

4



CHAPTER 2. BACKGROUND 5

students to have a more active role in their educational setting leads to better
learning [6, 7, 8].

In a review article on AL, Prince [6] states that there is a widespread
support for more engaging teachingmethods, although varying in strength. All
the research that he examined confirmed enhancements in learning outcomes
as a consequence of active engagement, leading to the conclusion that such
teaching should be encouraged.

A study of great importance due to its size and recognition, performed
by Freeman et al. [7], showed that AL is effective in Science, Technology,
Engineering and Mathematics (STEM) education and led to increased per-
formance in examination. Comparing traditional lecturing to a more active
approach, they concluded that AL is to be promoted and could lower failure
rates and thus inspire more individuals to pursue a STEM degree.

By measuring activity in the sensorimotor brain regions, Kontra et al.
[8] found that physical experience in physics education enhanced learning.
They examined regions in the brain that “add kinetic detail and meaning to
students’ thinking”, and they observed that these regions were activated while
performing the physical experiments. The students, as a consequence, showed
signs of enhanced learning demonstrated by increased quiz-scores.

2.3 Technology Enhanced Learning
Making teaching and learning more effective has always been of interest
throughout history. The possibilities that arouse with modern technology were
harvested immediately. Educational films were introduced in the beginning of
the 20th century, slide projectors were a standard aid in the 1950s classrooms
[11], and with the arrival of internet the possibilities have become endless.
One use of technology in education is to make a learning environment active.
TEL does not automatically imply AL, however, activity is a common result
of including technology in teaching today.

Rutten et al. [12] reviewed, in 2012, a decade worth of research regarding
the usefulness of computer simulations assisting traditional education forms
in science education. The literature they reviewed showed clear evidence of
traditional instruction being enhanced by the use of computer simulations,
specifically in laboratory exercises.
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One of the studies reviewed by Rutten et al. was the TEAL (Technology-
Enabled Active Learning) project at Massachusetts Institute of Technology
(MIT) byDori andBelcher [13]. They used software in a redesigned classroom
for teaching first-year physics at MIT. The focus was specifically on electro-
magnetism, the understanding of which students struggle with greatly, and
the researchers believed that the students could benefit from the TEAL
environment. The study analysed the cognitive and effective results of the
students, coming to the conclusion that the TEAL project had significantly
improved student performance.

2.4 Augmented Reality Enhanced Learning
AR is perhaps most known to the general public through games such as
PokémonGo1. As the name reveals, the technology is based on the augmentation
of reality, meaning that the real world is enhanced through the addition of
virtual elements. The interactive experience through the immersion that AR
enables, allows us to feel as if we are affecting reality while we are really just
manipulating the computer-generated effects.

AR is a kind of technology which could be useful for educational purposes
given the constructivist framework in which this study is performed. Today,
92% of the Swedish population have a smartphone [14], which makes AR
an accessible technology, since most2 smartphones contain a gyroscope
and accelerometer, the two parts a phone needs to be able to support AR
applications.

In an overview of AR in education, Yuen, Yaoyuneyong and Johnson [4]
state that one of the main purposes behind research in the field is that AR
has great potential to improve productivity in real-world tasks. In terms of
education, AR is believed to have potential to engage and stimulate students,
nurture their creativity and imagination, and help to teach them concepts that
are difficult, or even impossible, to experience in the real world. In conclusion,
the study indicates that AR is well motivated to use in educational settings, and
further research is promoted.

1https://www.pokemongo.com/en-us/
2https://docs.unity3d.com/2019.1/Documentation/Manual/

vuforia_requirements.html

https://www.pokemongo.com/en-us/
https://docs.unity3d.com/2019.1/Documentation/Manual/vuforia_requirements.html
https://docs.unity3d.com/2019.1/Documentation/Manual/vuforia_requirements.html
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2.5 Measuring Learning Enhancement
Despite the assumption that individuals learn by doing, the potential learning
enhancements still need to be proven and therefore measured. Kirkwood and
Price [15] criticize the way enhancement is often defined and measured, in a
review article within TEL. The problems they found were that many studies
discuss enhancement without defining exactly in which sense, and that the
way to measure these enhancements are therefore often not appropriate. They
emphasize the importance of stating clearly how one defines enhancement, not
assuming that technology enhances learning, and carefully choosing relevant
methods of measuring. Consequently, a question needing an answer is: How
will enhancement be defined in this study and what is a relevant method for
measuring it?

The teaching intervention made in this study is what Kirkwood and
Price describe as supplementing existing teaching. The most common, and
perhaps most objective, way of measuring learning outcomes, when taking
this approach, is by looking for quantitative improvements. Quantitative
improvements will therefore be the definition of enhancement in this study.
These improvements can be measured using pre-test/post-test results, i.e.
having the participants take a test before the experiment and then retake a
similar test after the experiment and compare the results. The outcome will
also be compared with the results of a group who take the same tests but do
not use the AR application in between.

However, the number of participants in this study was anticipated to not
be large enough to observe any statistically significant changes. Quantitative
improvements may also, albeit being the most objective measurement, lack in
portraying the quality in learning enhancements [15]. It was therefore decided
to complement the testing with a qualitative form investigating the experienced
improvement or stagnation in understanding of the studied phenomenon.

Given the timeline of this thesis and the definition of enhancement chosen,
possible learning enhancements in this study was evaluated, as previously
mentioned, by a mixed research approach including both quantitative and
qualitative testing. It was also decided to focus on one specific physics
phenomenon, i.e. torque, but with the idea that it could be extended to others
in the future.
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First a pre-test regarding torque was given in class (Mechanics I), after
having the students participate in a traditional lecture on the subject. Volunteers
from the class then participated in a lab session, where they answered
exploratory questions regarding torque using the developed AR prototype.
They also answered a qualitative form after the lab session in order to
evaluate more deeply the experienced effect of the AR application. Finally, a
post-test was held consisting of two questions similar to that of the pre-test.
Consequently, the data available would be the quantitative change in the
understanding of torque, both of the students who participated in the AR lab
session and those who did not, as well as complementary qualitative data on
the experienced change in understanding. The method will be discussed in
more detail in chapter 4.



Chapter 3

Related Work

In this chapter, previous work conducted regarding the integration of AR in
education will be presented. Questions like: What has been done? and Which
results have been obtained? will be answered, but most importantly, how the
present thesis differs from the reviewed studies in terms of accessibility of the
necessary technology and evaluation of learning outcomes.

3.1 Previous Projects
PhysicsPlayground is a project developed by Kaufmann and Meyer [16] with
the intention to show how education can benefit from using technology.
PhysicsPlayground is an AR application that helps to visualize e.g. forces,
counterforces, speed and velocity. The hardware necessary for using this
application is a Head-Mounted Display (HMD), a wireless pen and a Personal
Interaction Panel (PIP), which decreases the applications accessibility to a
greater audience. Furthermore, the study did not evaluate the effectiveness
their application actually had on learning.

Vaughan, Vaughan and Seeley [17], inspired by the fact that active
participation has been proven to enhance learning in STEM courses, included
an AR sandbox in an undergraduate introductory course in soil science. The
results of a qualitative survey filled out by the participating students, showed
that they all reported a deeper understanding of the studied phenomena such
as water flow, erosion and soil formation. Due to the use of a sandbox together
with the technology needed, the accessibility is a limitation also in this project.

9
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A book, augmented through the use of a Hand-Held Device (HHD) to
increase the understanding in secondary school physics is something that
Dünser et al. [18] investigated. They performed a quantitative test on a group
of students, half of which used the book with augmentation, while the other
half studied the book without augmentation. Keeping in mind that the test
groups were small, the study showed that AR has the potential to aid teaching
in spatial concepts that could benefit from being visualized in 3D. If books are
considered relatively accessible, this method still relies on the use of a HHD
and is therefore also limited in a monetarily restricted educational setting.

In their study “Using Augmented Reality as a Medium to Assist in Higher
Education”, Liarokapis and Anderson [19] implemented an interactive AR
environment in an Informatics class and a Multimedia class. They concluded
that AR can be used as a complementary tool to more traditional teaching
in a laboratory environment to help students to better understand complex
concepts. The participating students could choose between using HMDs
or simply a standard display monitor, of which the second increases the
accessibility of the educational environment.

In 2004, Liarokapis et al. [20] developed a web-based AR application
for teaching mechanical engineering. They did not evaluate possible learning
outcomes but the approach was more accessible than the previously mentioned
since the technology needed simply was a PC with internet access.

Jamali et al. [21] developed a mobile AR application for medical students
to study the human skeleton. They called the application Human Anatomy
in Mobile Augmented Reality (HuMAR). Being mobile and based on the use
of tablets, the application can be considered relatively accessible. The results
of pre-/post-tests showed improvements in knowledge, behaviour and attitude
amongst the students after using the HuMAR application.

Science Center To Go (SCeTGo) is a European-Union funded project
carried out by Davidsson et al. [22], where they tested different ways that
AR and mobile devices could support science classes in secondary school.
The goal was to use “off the shelf” technology, making it as accessible as
possible. The students taking part of activities using AR, such as getting
geometrical data samples outdoors, were all very positive to the different way
of taking a class, and the new setting did result in the students discussing and
collaborating. Teachers were also mostly positive but stressed the fact that in
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order to become ubiquitous in a school environment, the technology needs to
be low-cost and work perfectly.

3.2 Novelty
Since it is considered an important factor within educational environments,
this thesis will focus on trying to make the AR technology as accessible as
possible. Furthermore, remembering the importance of not taking enhance-
ment from integration of technology in education for granted [15], and unlike
many other projects reviewed, quantitative evaluation will be performed in
order to assess whether there is any actual contribution of the technology to
the understanding of the studied subject. Finally, also qualitative data will be
gathered and analysed for a more complete understanding of the impact of
the prototype on the students’ learning. See table 3.1 for a summary of the
presented related work and the placement of this study in relation.

Evaluates Learning Outcomes Hardware Used Concept studied with AR

Quantitative Qualitative

Physics-

Playground

HMD, Wireless pen and

Personal Interaction Panel

(PIP)

Forces and Counterforces,

Speed and Velocity,

Motion Paths

AR Sandbox X
Computer, Kinect

and Sandbox

Surface Water Flow,

Erosion, and Soil Formation

AR Books X Book and HMD Secondary School Physics

AR Higher

Education
X

HMD or

Standard Display Monitor

Informatics and

Multimedia

Web3D and AR PC
Platonic Solids, Tools,

Machines and Vehicles

HuMAR X Tablet Anatomy

SCeTGo X Off-the-shelf technology
Science

(e.g. molecules and forces)

This thesis X X Smartphones Torque

Table 3.1: Summary of related work, color coded from : low accesibility to : high
accessibility.



Chapter 4

Method

In this chapter the process that was used to answer the research question: What
are the opportunities and challenges for enhancing the learning of threshold
concepts in mechanics through technology, in particular augmented reality
visualization? will be explained. The main division of the chapter is in how
a prototype was developed, and then used to evaluate its effectiveness in
learning.

4.1 Prototype
A prototype in the shape of an AR application was developed and evaluated
to see whether the learning process of the concept torque could be enhanced
through the means of visualization. The prototype was developed using
the cross-platform game engine Unity1 together with Vuforia2, a software
development kit (SDK) that enables the use of AR in mobile applications.

The development of the software was done through an iterative process
where the application was continuously evaluated by both supervisors. When
an alpha version was ready, a think-aloud user study focusing on usability and
visualization was performed (explained in more detail in section 4.2.1). The
data gathered was taken into consideration when finishing the beta version of
the app.

In the application, torque is visualized through two examples: a wrench
tightening a bolt to visualize torque applied at a point (figure 4.1), and a door

1https://unity.com/
2https://www.ptc.com/en/products/augmented-reality/vuforia

12
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opening and closing, to visualize torque applied with respect to an axis (figure
4.2). The user can control the magnitude of the position and the force vector.
The orientation of the force vector can also be changed. When the force is
applied by the user pressing play, the torque vector and its projected component
in the directions normal to the plane (wrench example) and parallel to the axis
of rotation (door example), are shown on the screen. The corresponding object
moves according with the applied torque, and the cross-product of the position
and force vectors (which generate the torque) , which gives the torque, can be
observed in the upper part of the screen. In figure 4.3 we can see an example
of the application being used.

Figure 4.1: A wrench tightening a bolt to
exemplify torque applied at a point.

Figure 4.2: A door opening to exemplify
torque applied with respect to an axis.
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Figure 4.3: Example of the application in use, where both the real world and the
augmented reality on the screen can be seen.

4.2 Evaluation
The research method of this study was pragmatic, i.e. the most relevant
approach to answer the research question was used. In this study, this resulted
in a mixed research approach [23]. Quantitative testing is relevant for an
objective measurement of improved learning amongst test subjects. However,
it was not possible to perform the study on a large enough test group to
produce statistically significant results since "large enough" was estimated to
be approximately 500 participants (see subsection 5.3.2 for calculations) and
the Mechanics I course only consisted of 39 students. Furthermore, the art
of understanding and learning is also a subjective matter, so the study would
benefit from complementing the quantitative data with a qualitative approach.
The evaluation method in this study therefore followed a convergent parallel
design [24], gathering both quantitative and qualitative data simultaneously.
In figure 4.4 a visualization of the described research design is shown.
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Figure 4.4: Prototypical version of Convergent Parallel Design. Figure extracted
from Designing and Conducting Mixed Methods Research. [24]

To evaluate the usability and visualization of the application, a user study
in form of a think-aloud sessionwas performedwith three students who studied
both visualization and interaction design. This resulted in qualitative data that
was taken into account when finishing the development of the prototype. The
outcome of the think-aloud session is described in more detail in subsection
4.2.1.

Themost interestingmatter to evaluate however, waswhether the developed
application could enhance the learning of torque amongstmechanical engineer-
ing students. To this end, after an initial lecture on the subject, a pre-test
consisting of one question regarding torque was carried out. The students
then got to volunteer for the second user study: a lab session using the AR
application to answer questions regarding torque. The session ended with the
students filling out a qualitative form. Finally, a post-test was held consisting
of multiple questions, whereof two regarded torque and one of them was
similar to that of the pre-test. The results of the pre- and post-test constitute
the quantitative data of this study, complemented with qualitative data from
the previously mentioned form. The evaluation approach is described in more
detail in subsection 4.2.2.

4.2.1 Visualization and Usability
Once the alpha-version of the application was developed, a think-aloud
usability test was performed on three students at KTH, in order to get feedback
regarding the usability of the app and about the visualization. The participants’
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continuous loud thinking allows for usability mishaps to be detected during
the process of completing a determined task. These students were considered
to be able to provide relevant feedback since they all have a background in
both interaction design and visualization studies.

In one-on-one sessions, the participants were first instructed to apply
torque to the displayed figure. Since this is themain function of the application,
it was considered relevant to investigate how intuitive it was completed. After
completing the first task, the users were asked to find where they could get
more information regarding the concept of torque and the use of the app.
Finally, the participants were encouraged to give general feedback on possible
improvements of the usability and visualization of the app. No questions were
answered, nor any help was given by the interviewer during the session.

The user studywas performed on an iPhoneX runningwith iOS 13.1.3. All
participants had previous basic knowledge of torque. However, the knowledge
was acquired that long ago, and used that little since, to be considered
negligible.

4.2.2 Enhanced Learning
The students in the Mechanics I course participated in a lecture on torque.
Three weeks after the lecture, a workshop was held in which the students took
a pre-test (see appendix A) consisting of one question regarding torque.

Students from the same Mechanics I course were then asked to participate
in a user study with the developed AR prototype, for which 26 students
volunteered. From the 26 volunteers, 12 actually attended the session. The
students could work individually but were encouraged to cooperate since it
has been shown that cooperation increases engagement [25].

Since having the goal of performing a specific task has been proven
effective for closing the gap between what is expected to learn and what
is actually learned [26], the lab session included a task sheet (see appendix
C) where the example illustration of the tasks were the image targets needed
for the AR application. The tasks were exploratory, focused on trying to
get the students to understand the concept of torque rather than make specific
calculations. The session ended with the students being asked to fill out a form
(see appendix D). The form was meant to give complementary qualitative data
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regarding experienced improvement in understanding and self-evaluation on
their general motivation in the course, the latter in order to know the ambition
level of the students who participated.

Approximately two weeks later, a post-test (see appendix B) consisting
of multiple questions was carried out in the Mechanics I course. Two of
the questions were regarding about torque (task 2 and task 3), of which one
was very similar to the question in the pre-test. The results could then be
compared with those of the pre-test, and further compared with the results of
the group who did not participate in using the application. These results were
the quantitative data on the students change in understanding of torque.

4.2.3 Statistical Analysis
The group of students who could participate in the app session and complete
both the pre-test and post-test would not possibly be large enough to guarantee
that possible differences would be statistically significant. It was estimated that
the study would need to include about 500 people to statistically determine
the smallest difference of proportion observed with a power of 80% and
significance level of 95% (see subsection 5.3.2 for calculations), while the
amount of available students was only 39. However, statistical analyses
were performed to properly evaluate if any improvements were statistically
significant or not.

Statistical Hypothesis Testing of Proportions

The first analysis performed was a statistical hypothesis testing of proportions
within the same population during different stages, a test which aims to
examine whether possible differences between proportions are statistically
significant. The procedure starts with declaring a null hypothesis (H0), which
is usually decided to be that there is no difference between the two proportions
compared (p1 and p2), i.e. they are equal.

Secondly, an alternative hypothesis (HA) is defined as that there is a
difference between the proportions. That difference is defined according to
whether the test is to be one- or two-sided. If the test is two-sided theHA will
be the opposite of H0, i.e. that the proportions are not equal. The test will
therefore find any difference between the proportions, both greater or lesser.
On the other hand, if the test is one-sided the test will be more effective, but



18 CHAPTER 4. METHOD

only one of the options p1 > p2 or p1 < p2 can be chosen to investigate. This
is formulated as follows:

H0 : p1 = p2

HA : p1 6= p2, p1 > p2 or p1 < p2

The considered proportions were the students who passed the pre-test (p1)
and the proportion of students who passed the tasks on torque in the post-test
(p2) in both groups respectively, i.e. the group who used the app and the one
that did not. Any differences found were then compared between the groups.

Due to the small sample size in this study, a one-sided approach was
chosen and only the scenario that p1 < p2 was analysed to maximize the
possibility of seeing any possible improvements. This was a relevant approach
since the raw data showed positive tendencies of change rather than negative,
i.e. the students had better results on the post-test compared to the pre-test.
Furthermore, this decision was motivated due to the results seen in the form,
where a largemajority answered that the app contributed to their understanding
of torque. Hence, there was no reason to believe that the app would have
caused negative effects on the students’ test results. For more details on the
results see chapter 5.

The analysis was performed using the free software environment for
statistical computingR3 through the graphical user interface (GUI) RCommander.
The test run was prop.test4 with a confidence level of 95%.

Scoring and Welch’s T-test

When comparing the results between the groups, a grading system was
developed in order to be able to compare the average results of both groups in
a reasonable way due to the limitations caused by a small sample size and the
grading of only pass or fail.

The system was designed to favor improvement in the test results and
especially regarding task 2 in the post-test since it was the most similar to

3https://www.r-project.org/
4https://www.rdocumentation.org/packages/stats/versions/3.

6.2/topics/prop.test

https://www.r-project.org/
https://www.rdocumentation.org/packages/stats/versions/3.6.2/topics/prop.test
https://www.rdocumentation.org/packages/stats/versions/3.6.2/topics/prop.test
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the task in the pre-test. The scores for task 2 therefore depend on the result
from the pre-test while task 3 is scored individually. Hence, a student who did
not pass the pre-test but passed both tasks on the post-test would receive the
highest score while a student who passed the pre-test and failed both tasks on
the post-test would receive the lowest score. The points were given as can be
seen in figure 4.5.

Figure 4.5: Grading system of pre- and post-test.

Each group’s average score was calculated and, since the samples differed
in size, Welch’s t-test was performed to compare those averages. Welch’s t-test
evaluates the hypothesis that two averages generated from groups of different
sizes are equal. Thus, the hypotheses are formulated as follows:

H0 : µ1 = µ2

HA : µ1 6= µ2

Where µ1 and µ2 are the averages in each group.

This analysis was also performed using R, where the test runwast.test5

with a confidence level of 95%.

5https://www.rdocumentation.org/packages/stats/versions/3.
6.2/topics/t.test

https://www.rdocumentation.org/packages/stats/versions/3.6.2/topics/t.test
https://www.rdocumentation.org/packages/stats/versions/3.6.2/topics/t.test
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Results

5.1 Visualization and Usability
The three participants in the think-aloud user study were first instructed to
apply torque to the AR figures. They all expressed that they found the
controls of the vectors very intuitive, since the changes in the displayed
objects appeared immediately on the screen. However, they all also expressed
confusion regarding the labels of the controls and did not understand what the
controls did just by reading the label. The label that caused most questions
from the participants was the one regarding changing the magnitude of the
position vector (see figure 5.1). In spite of the feedback, the label was not
changed since it was believed to be a familiar expression to students of the
Mechanics I course.

Figure 5.1: The control panel of the application.

Secondly, the participants were asked to find the instructions on how to use
the app. One participant completely missed the upper part of the application
because the lower part, consisting of the control panel seen in figure 5.1,
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was very colorful and drew all his attention, while the other two found the
information button in the upper right corner without problems. No action
was taken on this point either, since the confused participant also found the
information button quickly after realizing the existence of the upper part of
the screen.

In addition to the two explicit instructions, the participants were asked to
generally review the usability of the app and express possible concerns. One
general suggestion of improvement was that the explanation of torque, which
can be found under information, could benefit from containing an example
figure and not only text. Another suggestion was that the vectors could be
changed dynamically on the screen, so the applied torque would increase or
decrease while the figure was moving. Both suggestions were considered to be
good ideas for future development, but not necessary for the next stage of the
project since the changes proposed concerned "nice-to-have" features rather
than "must-haves".

5.2 Enhanced Learning
This section will be divided into what qualitative data was gathered during
the user study with students of the Mechanics I course, and the quantitative
results of the pre- and post-test conducted before and after that user study,
respectively.

5.2.1 User study
The form consisted of two main questions:

1. How hard do you find the mechanics course so far?

2. Did the app contribute to your understanding of torque?

The answers to the questions by the 12 participants in the user study
are represented in figures 5.2 and 5.3. Both questions were followed by a
mandatory request to motivate their answers.
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Figure 5.2: Answers to “How hard do you find the mechanics course so far?”.
Showing how many students chose each option.

Figure 5.3: Answers to “Did the app contribute to your understanding of torque?”.
Showing how many students chose each option.

As can be seen in figure 5.2, 8/12 participants found the course to be on the
hard side of the difficulty spectrum. None of the participants in the user study
considered the course to be very easy. Regarding the participants experienced
improvement in understanding due to the use of the app (figure 5.3), 11/12
answered that they believed the app had contributed to their understanding of
the studied concept.

In figure 5.4 we see a comparison of the results of the two main questions,
labelled by which of the two presented examples the participant preferred.
Noticeable results in this graph is that three out of the four students who found
the course the easiest, preferred the example with the wrench. Only one other
student preferred the same example, and that student can be found on the
other side of the spectrum regarding the perceived difficulty of the course.
The same group - students rating the course as relatively easy - also spans the
whole scale of experienced contribution from the app to their understanding
of torque, from 1: Nothing to 4: Very much.
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Figure 5.4: Comparison of the two main questions labelled by user and the chosen
preferred example in the app.

The five participants who found the course to be hard, but not very hard,
all preferred the door example, and also found the app to have contributed
relatively much to their understanding of torque. The three remaining students
all found the course to be very hard and believed that the app helped them in
their understanding, albeit reporting a milder perceived contribution than the
previous group.

Out of the four students who found the app the least helpful (answering 1
and 2), two found the course easy rather than hard, and preferred the wrench
example. The other two found the course very hard and preferred the door
example. When asked to motivate their response on the app contribution,
the answers from this group were diverse. One student (who found the
course easy) said that they understood the theory and rather needed help
with calculations, which they found that the app did not help with. Another
student (who found the course hard) however, answered that they did not find
the app helpful since they did not have enough knowledge about the theory
and hence could not get any help from the app.

Recurrent comments made from the participants that reported increase in
understanding thanks to the app were that they found the visualization very
helpful. Examples of those comments are:
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“While realistic examples are great, it’s nice to be able to apply
vectors and I would say it’s easier to visualise the vectors and their
impact, it helps with the logic.”

“It was easier when you could see it in 3D and try out the different
forces on positions”

5.2.2 Pre- / Post-test
The pre-test consisted of one question regarding torque. The post-test consisted
of eight questions whereof two regarded torque. One of the two post-test
questions, task 2, was very similar to the pre-test question while the other
post-test question on torque, task 3, differed slightly. The two tests can be
seen in full in appendices A and B.

Figure 5.5: Student distribution mapped out over the process of the study.

The distribution of the students in the Mechanics I course, throughout
the process of this study, is mapped out in figure 5.5. Regarding how the
students performed on the tests, figure 5.6 shows the number of participants
who passed (darker color) respectively failed (lighter color) the different tasks.
The results are shown for all students, the students who did not use the app,
and the students who used the app. The same is represented in figure 5.7, with
the difference that it only includes the students who participated in both tests,
and answered all three questions about torque.

The graphs show that the proportions of students who passed are higher
in the post-test task 2, task 3, and both, compared to the pre-test in all groups
except in one case (no app, post-test task 2 and 3), where the proportion was
unchanged. Remembering the limits of the quantity of data gathered, another
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Figure 5.6: Number of students who passed (darker color) vs failed (lighter
color) per test.

Figure 5.7: Same as figure 5.6, but filtered by students who participated in both
tests.

interesting tendency presented in the figures 5.6 and 5.7 is that the proportion
of students who passed are higher in all cases (pre-test, post-test per task, and
both tasks on post-test) of the group who used the app compared to the group
who did not, and the total of both groups.

Perhaps the most pertinent result in this study is that of possible improve-
ments in learning amongst the participating students, which are displayed
in figure 5.8. The graph shows the students’ improvement, deterioration or
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stagnation of test results on the post-test’s two tasks on torque, compared to
their pre-test results. On task 2, the group who did not use the app shows
a larger improvement than the group who did. However, they also show a
larger deterioration than the group who had used the app. On task 3, the
group of students who used the app stands for both the larger improvement
and deterioration in proportion to the group who did not.

Figure 5.8: Improvement and deterioration of test results on the post-test compared
to the pre-test.

5.3 Statistical Analysis
The results presented until this point have been based on observations in the
raw data and what can be interpreted from the different discussed figures.
To know whether any of the observed differences are significant, statistical
analyses were performed as described previously in the method, chapter 4.
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5.3.1 Statistical Hypothesis Testing of Proportions
Analysing the possible improvement of the students who participated in both
the pre-test and the post-test, the question asked for each groups, the app
users and the no app users, was: Is the proportion of students who passed the
post-test larger than the the proportion who passed the pre-test? A statistical
hypothesis test was performed to answer that question for each of the following
pair of proportions:

− Passed pre-test vs Passed post-test task 2

− Passed pre-test vs Passed post-test task 3

− Passed pre-test vs Passed post-test, both task 2 and 3

− Passed pre-test vs Passed post-test, any of task 2 or 3

The group who participated in the app session and took both tests consisted
of 8 people, while the students who did not use the app but also took both
tests summed up to 17 (see figure 5.5 for an overview of the distribution of
students). The resulting P values, using a significance level of 95%, after
comparing the above mentioned proportions within each group respectively,
can be seen in figure 5.9 and 5.10.

The only improvements that are statistically significant at a confidence
level of 95%, i.e. having a P value lower than .05, are the pre-test vs post-test
task 2 and pre-test vs post-test any of task 2 or 3 in the group who did not
use the app. None of the observed improvements in pass/fail ratios within the
group who used the app can be considered significant, as expected.
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Figure 5.9: Comparing proportions of students who passed within group who did
not use the app. Resulting P values are shown per comparison.

Figure 5.10: Comparing proportions of students who passed within group who used
the app. Resulting P values are shown per comparison.
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5.3.2 Sample Size Calculation
To calculate the approximate sample size that would have been necessary to
get statistical significance when comparing proportions in our study, we used
the method proposed by Whitley and Ball in Statistics Review 4: Sample Size
Calculations [27]. Firstly we calculate the standardized difference, sd:

sd =
(p1 − p2)√
p(1− p)

p =
(p1 + p2)

2

Where p1 and p2 are the two proportions compared, and p themean of those
proportions. When making this estimation of sample size we considered the
comparison of proportions in the study with the smallest difference, which was
p1 = 0.625 and p2 = 0.5.

p =
(0.625 + 0.5)

2
= 0.5625

sd =
(0.625− 0.5)√

0.5625(1− 0.5625)
= 0.25

Secondly, by looking at the graph presented in figure 1 in Whitley and
Ball’s report [27], we find the accurate sample size according to our standardized
difference and confidence level. Setting a statistical power of 80%, a confidence
level of 95% (the parameters are decided by following convention), and having
a standardized difference of 0.25, we can read from the graph that the required
sample size would be approximately 500 people in total (see figure 5.11).

Using thismethod, we are assuming equally sized sample groups. Sincewe
compared proportions from within the same group (app users’ pre-test result
with app users’ post-test result and the same for no app users) the condition
of equal sized sample groups is met. Each group would therefore need to
contain 500/2 = 250 people. Since the two proportions compared come from
the same group we conclude that this group would have needed to consist of
250 people in order to reach statistical significance. In total this study would
have needed 500 participants, a group of 250 students that used the app and
performed both tests, as well as a group of 250 students who did not use the
app but performed both tests.
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Figure 5.11: Nomogram presented in figure 1 in Whitley and
Ball’s article [27]. The dotted line is added for the purpose of
this example. The upper intersection represents the sample size
calculation of a standardized difference of 0.25, a statistical power
of 80%, and a significance level of 0.05.

5.3.3 Scoring and Welch’s T-test
After grading the participants in the two groups, app users and non-app
users, according to the system described in section 4.2.3, the average of each
group respectively were 13.125 and 11.5. In other words, according to the
scoring system in this study, the group who used the app have a better ratio of
improvement than the group who did not.

By applying Welch’s t-test, the significance in the difference between the
averages was examined using a significance threshold of .05. The test result
of P = .8104� .05 concludes that we cannot discard the null hypothesis that
the averages are equal and the difference between them can therefore not be
regarded as significant.
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Discussion

The results of this study showed tendencies of the developed AR application
having helped most of the students improve their understanding of torque, as
was measured by improvement in test results. However, the collected data was
not from a large enough sample to be able to find significance in the results.
Interestingly, the group of students who received most from the application
were those who had some grasp of the theory. The groups for whom the
theory and mathematics were either too complex or too easy both rated the
application as having little or no impact.

Since the small sample size was predicted to be an issue in terms of
statistical significance, the answers on the form from the app session helped to
substantiate the tendencies observed in the pre-/post-test comparison. These
tendencies were not only signs of improvement within each group. There
were also indications that the app-users did improve on their test results to a
greater extent than the group who did not use the app. The fact that 11/12
participants in the app session answered that they believed the app to have
helped their understanding of torque supports the shown tendency.

Time has to be considered as a possible influencing factor when seeing
improvements among the students. The fact that they had more time and
therefore more opportunity to study once taking the post-test, can be a part of
why we see tendencies of improvements. The group who used the app showed
tendencies of greater improvement than the group who did not which speaks
in favor of the app having had an impact on the improvements beyond the
factor of time.
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Nevertheless, the proportion of students who passed the pre-test in the
app-using group was bigger than the proportion in total, i.e. including all
students regardless of having used the app or not. This could indicate that the
participants in the app session already had a better understanding of torque
and therefore they were more likely to perform better in the post-test as well.
Future studies should consider randomly distributing students into the app or
no app group in order to discard this possibility, whilst keeping in mind the
ethical aspect of denying students a teaching method that will probably help
them perform better.

Another question that requires reflection is whether the study was in
need of AR in particular, or if a simpler 3D visualisation could have been
an equivalent substitute. The reason for choosing AR was mainly for the
accessibility it provides, being available in a majority of smartphones. Other
technologies such as Virtual Reality were discussed but discarded for the
lack of accessibility, an aspect that was prioritized due to the constraints in
an educational environment. Additionally, the possibility of immersion, a
core feature of AR, was crucial in deciding amongst technologies. Unlike
a standard 3D simulation, it allows you to generate the feeling of actually
affecting the reality rather than something that obviously only exists on a
screen. It is possible that a 3D visualisation would give similar results to this
study, but it would require further investigation to prove.
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Conclusion

To investigate what opportunities and challenges there could be to enhance
learning of torque through visualization with AR, a prototype in the shape
of an AR application was developed. The effect of the prototype on students
learning was tested by holding a pre- and post-test in a mechanics course.
Between the two tests, a subgroup from the class participated in a user study
where they used the AR application to solve problems regarding torque.

The results showed indications that visualization through AR of a physical
phenomenon that was considered a threshold concept did help students to
better understand it. The students who participated in the study using the
developed AR application improved their test results to a greater extent than
the students who did not use the application. It was however, not possible to
statistically determine these results since a much larger sample size would be
needed to do so.

7.1 Further Research
The indication that the AR application improved the students’ understanding
of torque, motivates further research within the area. It seems possible that
students’ learning of torque could benefit from visualization through the use
of AR, and this motivates performing a larger study.

To statistically confirm the observed trends, the estimation of sample size
done in this thesis indicates that a group of approximately 500 students would
be necessary. In order to reach that amount of students, the same study could
be performed on the Mechanics I class at KTH over multiple years. The
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study could also be performed using students in other courses, or at other
universities, with larger classes to shorten the time it would take to reach 500
participants.

To reach a large amount of users in a short time, another alternative could
be to integrate the app in aMassive Open Online Course (MOOC). That would
enable the app to be used by many during one course round since MOOCs
often allow for unlimited amounts of students to participate. Deploying the
app on platforms such as App Store or Google Play Store could also be an
option, opening up for the possibility of users all over the world using it. This
would however include costs, and the environment in which the app would
be used would be a lot harder to control. Nevertheless, if instead of pass and
fail, grades were added to the pre- and post-test, smaller variances could be
detected and perhaps it would be sufficient with a smaller sample size to see
statistical significance.
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Workshop 1, Extra 
SG1120 Mekanik I  
HT 2019  
 

 

 

 
1. För systemet i bilden, kan kraftmomentet      

med avseende på origo O av en kraft med         
storlek angripande i A med riktning SAB       
mot B skrivas som: 
a) ;(2, , ) − ,− , )MO = √21

S aAB 0 4 × ( 2 4 1  
b) ;(− , , ) 2,− , )MO = √21

S aAB 2 0 4 × ( 4 1  
c) ;(− , , ) − ,− , )MO = √21

S aAB 2 0 4 × ( 2 4 1  
d) ;(− , ,− ) − ,− , )MO = √21

S aAB 2 0 4 × ( 2 4 1  
e) ;(− , , ) − , , )MO = √21

S aAB 2 0 4 × ( 2 4 1  
f) .(2, ,− ) − , , )MO = √21

S aAB 0 4 × ( 2 4 1  
 

 
 
 

Lycka till! 
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Lösningsförslag 
 

Läge vektorer för punkter A och B:  och 0, , )arA = ( 4 3 − , , )arB = ( 2 0 4  

Riktning av :SAB   

− ,− , )arAB = rB − rA = ( 2 4 1  

a r|| AB
|
| = √21  

(− ,− , )eAB = rAB
r  | AB|

= 1
√21

2 4 1  

Kraften är: SAB eSAB = SAB AB  

Vi kan flytta   längs sin verkningslinje till punkt B. Därför, kraftmoment är:SAB  

 (− , , ) − ,− , )MO = rB × SAB = √21
S aAB 2 0 4 × ( 2 4 1  

 

 

 

 
 2
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Kontrollskrivning 1 (2019-12-13) 
SG1120 Mekanik I 
HT 2019 – Skrivtid 2 timmar 
OBS: Inga hjälpmedel (miniräknare, bok, formelsamling, mobiltelefon, …) förutom 
penna, suddgummi och linjal är tillåtna. 

 

 

OBS! Uppgifterna 1-8 skall redovisas med ett kryss “X” vardera på separat svarsblad. Välj              
det enda rätta alternativet! 

1. För att bestämma -koordinaten för masscentret i en kropp med variabel densitet , kan man   z          ρ    
använda: 

a) ;dV / VzG = ∫
 

 
z ∫

 

 
d  

b) ;zdV / dVzG = ∫
 

 
ρ ∫

 

 
ρ  

c) ;dV / dVzG = ∫
 

 
z ∫

 

 
ρ  

d) ;dV / dVzG = ∫
 

 
z ∫

 

 
x  

e) ;z dV / zdVzG = ∫
 

 
ρ 2 ∫

 

 
ρ  

f) .xzdV / zdVzG = ∫
 

 
ρ ∫

 

 
ρ  

 
2. En vajer AB håller rörsystemet på figuren i        

jämvikt. Beloppet av spännkraften i vajern    S    
är 500 N. Vilken är spännkraftens moment med        
avseende på -axeln:y  
a) Nm;M y = √30

3000  
b) Nm;−M y = √30

3000  
c) Nm;M y = 0  
d) Nm;M y = √30

2·500  
e) Nm;−M y = √30

15·500  
f)  Nm.M y = √30

15·500  
 

3. Vi har ett kraftsystem med resultant i origo med .          F ;{ O MO} = {(0, 00, ) N ; 0, ,− 0)Nm}1 0 ( 0 2  
Om vi vill ersätta kraftsystemet med en enda kraft, vilket av följande alternativ är korrekt: 
a) i läget: m;FO x, , ) 0.2, .8, )( y z = ( 0 0  
b) i läget: m;− FO x, , ) − .2, .2, )( y z = ( 0 1 0  
c) i läget: m;FO x, , ) − .2, .2, )( y z = ( 0 1 0  
d) i läget: m;FO x, , ) 0.2, .2, )( y z = ( 0 0  
e) i läget: m;FO x, , ) 0.8, .2, )( y z = ( 0 0  
f) i läget: m.FO x, , ) 0.8, .8, )( y z = ( 0 0  
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Kontrollskrivning KS1 

SG1120 Mekanik 1 

Svar 
 

(Markera svar med ett tydligt kryss “X” på varje rad) 
 

 (a) (b) (c) (d) (e) (f) 

1.  X     

2.  X     

3.   X    

4.  X     

5. X      

6.      X 

7.    X   

8.     X  

 

Personnummer: ___________________________________________________ 

 

För- och efternamn (texta): 

 

__________________________________________________________________ 

 

Program (texta): ___________________________________________________ 
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Extra aktivitet: Kraftmoment 
SG1120 Mekanik I 
HT 2019 

    

     
     

 

2019-12-04 1 (2) 
 

1. Kraftmoment med avseende på en punkt 
 
 
 
 

 
  
 
 
 
Försök ändra beloppet och riktningen av kraften.  
Hur förändras kraftmomentet?  
När får man maximal rotation för verktyget i figuren? 
 

a. Hur påverkar avståndet och beloppet kraftmomentet?  
Se ekvation (3.1) i boken. 

b. Vilka komponenter är viktiga för kraftmomentet?  
Se ekvation (3.2) i boken. 

c. Hur kan du använda vektorprodukten för att beräkna kraftmoment?  
Se ekvation (3.4) i boken. 
 
 
 
 



     
     
 
 
 

 2 (2) 
 

2. Kraftmoment med avseende på en axel 
 
 
 

 
 
 
 
 
 
 
 
Försök ändra beloppet och riktningen av kraften.  
Hur förändras kraftmomentet?  
Kan du öppna dörren? 

 
a. Hur påverkar avståndet och beloppet kraftmomentet?  
b. Vilka komponenter är viktiga för kraftmomentet? 
c. Hur kan du använda vektorprodukten för att beräkna kraftmoment?  

Se exempel 3.5 i boken. 
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