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ABSTRACT
The purpose of this Master's thesis is to measure and understand the impact of
augmented reality applications on students’ learning motivation in Vocational
Education and Training (VET) environments. First of all, research on Augmented
Reality (AR) applications in this field was conducted. The field of Electronics, among
others, was chosen for this impact assessment. An AR application is required to be
evaluated in VET settings in order to investigate the impact of AR technology on
learning motivation in this domain. For that reason, a mobile augmented reality
application, named BreadboARd, was designed and developed, following a usercentered approach. By scanning the physical breadboard with the BreadboARd
application, users may design digital electronic circuits on the physical breadboard with
overlay digital materials. Furthermore, the application provides feedback for each
material connection to direct the user to the desired outcome. The ARCS model is used
in order to understand the impact of AR on students’ learning motivation. In order to
evaluate this, an experiment was performed, in which two Instructional Materials
Motivation Survey (IMMS) questionnaires were used before and after the usage of
BreadboARd application in the VET environment, to collect data from the participants.
The results revealed that by utilizing an augmented reality application, students'
learning motivation is enhanced. The motivational factors of the ARCS model were
enhanced, and the outcomes were determined to be significant.
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Chapter 1: Introduction
Nowadays, a variety of fields and industries, such as education and training, healthcare,
retail and ecommerce, are using widely the Augmented Reality (AR) technology. More
specifically, in Vocational Education and Training (VET) institutions, teachers
confront significant challenges in the classroom due to a wide range of students' special
educational requirements, as well as students' lack of sufficient level of fundamental
competence, concentration, background knowledge, attention and motivation, among
others [4]. In some ways, traditional training still has limits in terms of assisting learners
in acquiring knowledge and skills, such as costly methods that require significant
resources and time. Contrarily, immersive technologies, like Augmented Reality and
Virtual Reality can help apprehend and absorb information much better [5]. They can
be used to make the training procedure as near to a real-world experience as possible.
The constructive outcomes of AR in this setting, for example on the effectiveness of
directions in connection to an expanded attention, participation, cooperation and
motivation of users [4], have been demonstrated in a variety of circumstances. As Wu
[5] describes, the use of AR in educational environments has the potential to provide
content in a three-dimensional viewpoint, create concurrent and collaborative learning
opportunities, make the invisible visible, and reduce the differences between formal
and informal learning. According to a literature review conducted by Bacca et al. [51],
many studies have reported a positive impact of Augmented Reality (AR) applications
in education in terms of student learning motivation, learning gains, interaction,
collaboration and enjoyment. However, little research has been conducted on the impact
of AR applications in VET.
This thesis aims to investigate and measure the impact of AR applications on students’
learning motivation in VET environments. In order to achieve this, research on AR
applications in this field was conducted. More specifically, the field of Electronics was
selected for this impact investigation among others. In order to observe the influence of
AR technology on learning motivation in this field, an AR application had to be tested
in VET settings. As a result, a mobile augmented reality application, named
BreadboARd, was designed and developed, by following a user-centered approach. By
using the BreadboARd app, users have the opportunity to create digital electronic
circuits on the physical breadboard, with the superimposed digital materials by
scanning the physical breadboard. The application provides feedback for each material
Stamatios Gkoumas
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connection in order to lead the user to the desired result. In this term, an experiment
was performed to evaluate the thesis purpose. Participants answered two questionnaires
before and after BreadboARd application usage in order to collect data. Finally, based
on the results a conclusion was conducted and future work was presented based on
observations and the bibliography. All this information is described in detail in the next
chapters.

In Chapter 2 the term of Augmented Reality and the most significant fields that this
technology is been used, are presented. Examples of this type of application are given.
Furthermore, the Vocational Education and Training field is described, as well as some
applications that developed in this setting.

In Chapter 3 the design process of the BreadboARd application in the terms of
Human-Computer Interaction is described. As the user-centered approach was used,
personas, use case scenarios and storyboards are performed.

In Chapter 4 the implementation process of the BreadboARd application is
presented. The software development tools used for the creation of the application and
screenshots from the application functionality are mentioned.

In Chapter 5 the evaluation process of the BreadboARd application is explained.
The process and the tools used for the experiment are described. In addition, the results
are discussed.

In Chapter 6 the thesis conclusion is conducted. The limitations, challenges and
future work are also presented.
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Chapter 2: State of The Art

2.1

AUGMENTED REALITY

2.1.1 Definition and taxonomies
Augmented Reality (AR) is defined as an interactive experience of a real-world
environment where the objects that reside in the real world are enhanced by virtual
information, such as text, images, animations, 3-dimensional models, in real-time [6].
It can also be described, as a condition in which a real-world context is dynamically
overlaid with virtual information in a specific location. In this term, AR allows users to
participate in immersive experiences which merge the real and virtual worlds [7]. These
experiences provide a high level of user interaction and engagement.
Previous research has proposed numerous taxonomies of AR in order to define the
extent to which reality is supplemented or augmented. Milgram et al. [8] developed the
Reality–Virtuality Continuum, spanning from a wholly real to a completely virtual
environment (see Figure 1). Within this spectrum, in Mixed Reality (MR) real and
virtual world objects coexist and users can observe and manipulate them. Furthermore,
MR is comprised of two main tenets: Augmented Reality and Augmented Virtuality
(AV). Milgram et al. [8] assumes that even though in AR the real information
outperforms the virtual, in AV the opposite happens. This technology adds objects of
reality in a virtual setting, but the virtual information outperforms the real.
In order to address the issue of differentiation between AV and AR, Klofer [7]
employed a spectrum to highlight the level of the augmentation supplied in AR in order
to address the issue of distinguishing between AV and AR. The level of augmentation
is determined by the amount of virtual information which offered to users. As a result,
when the user utilizes a significant amount of information and elements from the
physical-real world while having limited access to virtual information, this condition is
named as lightly augmented reality. On the other hand, when the user utilizes a
significant amount of virtual information, this condition is named as heavily augmented
reality.

Stamatios Gkoumas
11

Figure 1: Milgram’s Reality-Virtuality Continuum.

The goal of augmented reality is to provide enhanced engagement and interaction
experiences that can fulfill human needs, making their life simpler. The usage of
augmented reality (AR) increases the user's perception and interaction with the physical
world. On the other hand, Virtual Reality (VR) technology or Virtual Environment,
according to Milgram [8], entirely immerses users in a simulated world without
allowing them to view the actual world, in contrast to AR technology which enhances
the sensation of realism by superimposing virtual objects and information in real-time
on the real world. Furthermore, the most significant difference between VR and AR, is
that AR is not restricted to a specific type of display technology, such as Head-Mounted
Display (HMD), but can be utilized by a various type of devices that are described in
the next chapter. Moreover, AR has the power to enhance all senses, including smell,
touch, and hearing. In this context, AR can also be used to enhance or replace users'
missing senses through sensory substitution, using audio cues to supplement the sight
of blind users for example, or using visual cues to augment the hearing of deaf users.

2.1.2 AR Devices
The most common devices that support the augmented reality technology are the
followings:
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2.1.2.1

Displays

In Augmented Reality, three basics types of display are used: a) Handheld Displays, b)
Spatial Displays and c) Head Mounted Displays (HMD) [10].
To begin with, Handheld Displays make use of small computing devices with displays
that users can carry in their hands (see Figure 2). In order to superimpose graphics in
the real world, the devices are using video-see-through techniques [11]. They also make
use of their sensors, like digital compasses and GPS, and tracking sensors in order to
pursue a location or a real object in the physical world. The most common handheld
displays are: smartphones, tablets and PDAs. Nowadays, with rapid technology
evolution, smartphones are very promising devices for AR, not only because they are
portable and widely available, but, with recent advancements, they now include an
enhanced camera, CPU, GPS, gyroscope and other characteristics [11]. The only
disadvantage is the small size of the display that it is not ideal for 3D user interfaces.
In continuation, tablets are far superior to smartphones in terms of processing power,
however, they are significantly more expensive and far too They are significantly more
expensive and far too weighty, especially for single-handed, use. Last but not least,
PDAs share many of the benefits and drawbacks of smartphones. However, since the
most recent advances with smartphones, they are becoming far less widespread than
smartphones.

Figure 2: Handheld Augmented Reality for mechanical engineering
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The second type of AR display is called Spatial AR Display (SAR) and it utilizes optical
elements like holograms and video projectors, using also tracking technologies in order
to project graphical information directly onto real objects. This is type of display is
extremely significant as it provides the user with freedom of movement, without
needing to wear or hold any device [63]. Another significant benefit that SAR provides
to users is the collaboration among them, enhancing the interest in such augmented
reality applications in colleges, museums, offices, etc. (see Figure 3). Depending on the
way SAR displays augment the environment, there are three methods to use this
technology: via optical-see-through, video-see-through, or direct augmentation [12].
Spatial optical-see-through displays produce images that are spatially aligned with their
surroundings. Essential components of these types of displays are optical holograms or
transparent screens.

Figure 3: People are collaborating by using Spatial Augmented Reality application in the office.

In continuing, video-see-through displays are mostly screen-based. A camera records a
digital video image of the real world and feeds it to the graphics processor in real-time.
The video image feed is then combined with computer-generated visuals (virtual
content) and displayed on the screen by the graphics processor. When the video
processing is done before displaying the content to the viewer, the brightness and
contrast of both real-world and virtual elements may be controlled for a seamless
experience. Nevertheless, there are drawbacks such as low reality resolution (screens
do not match human eye resolution), the field of view is limited and eye parallax (eye
offset) due to the camera's position, which is normally a distance from the user’s actual
eye location. Last but not least, projection-based AR is defined as a video projection
technique that can extend and enhance visual information by projecting images onto
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the surface of three-dimensional objects or space [13]. By using this type of display, it
is simple to build graphical representations that conventional lighting techniques cannot
represent. Unlike traditional lighting techniques, this one may display a high-definition
image or video and dramatically modify the contour of an object as time passes. As a
result, it may dynamically display visual images. This combination of pictures and realworld objects enables viewers to identify visually extended space.
The last major category is HMD. This is a display device placed on the head that
overlays the real environments with virtual elements on the user's view. There are two
categories of HMDs, video-see-through and optical-see-through [37]. Video-seethrough systems display video feeds from two cameras embedded in head-mounted
devices. On the other hand, optical-see-through technology employs a half-silver mirror
method to enable actual world viewpoints to flow through the lens and visually overlay
details to be portrayed in the user's vision. [38]. The scene, as well as the real world,
appear more realistically than at the quality of the display. Furthermore, video-seethrough systems are more difficult to implement than optical-see-through systems since
they require the user to wear two cameras on his head. In video-see-through systems,
on the other hand, augmented vision is already built by the computer, giving the user
far more control over the outcome.

Figure 4: User performs task wearing HMD device
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2.1.2.2

Input Devices

There is a variety of types of input devices that are used in AR applications, like gloves,
wireless wristbands, or even smartphones can be used as pointing devices. The input
devices selected are depending on the type of application for which the system is being
designed. For example, if a system requires the user to perform tasks with their hands
free, the input device selected will be one that allows the user to utilize his/her hands
for the application. For instance, Bâce et al. [14] designed and implemented ubiGaze,
an innovative wearable ubiquitous approach for augmenting any real-world object with
invisible messages by gaze motions that embed the message in the object. A scenario
of this application is presented in Figure 5.

Figure 5: ubiGaze scenario. (a) Users choose a message from their smartwatch; (b) Users pick a real-

world object to augment with a message. (c) Using movements, users embed the message in the item..
(d) A colleague came in and focuses on the same object. (e) User makes the appropriate gaze gesture
to unlock the message. (f) The message will appear on the user’s smartwatch.

Likewise, if an application employs a handheld display, developers could implement a
touch screen input device.

2.1.2.3

Tracking

Digital cameras and other optical sensors, GPS, gyroscopes, compasses, wireless
sensors, and other tracking devices are examples of tracking devices. Each of these
methods has a distinct level of precision and is very dependent on the sort of system
being designed.
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2.1.3 AR applications
Augmented Reality (AR) is developing as a crucial driver of the tech economy. This is
because augmented reality applications have the potential to add value to practically
every business, from retail to industrial manufacturing. A diversity of applications of
augmented reality technology are designed and developed day by day in various fields,
from education and training to remote work. Some of the most significant domains that
AR applications are used are presented below:

2.1.3.1

Education and Entertainment

Nowadays, more and more augmented reality applications are implemented for
educational scopes [52]. AR systems allow users to observe scientific phenomena that
are difficult to be simulated and be explained in real life, such as chemical processes or
anatomy phenomena, enhancing the motivation and the engagement of the students.
Furthermore, by participating in the creation of educational content, students’ attention
and interest are also increased. An interactive learning environment enables the
implementation of hands-on learning methodologies, which can boost engagement,
improve the learning experience, and encourage students to learn and practice new
skills [53]. Furthermore, because AR content is digital, it can be easily shared, so the
students can communicate and collaborate with one another in order to perform
assignments. Thus, collaborative learning methods increase the motivational level of
the students, since they sharing knowledge and opinions that will make them able to
actively participate in the learning process and will help them to achieve their learning
goals. Last but not least, in comparison to virtual reality, augmented reality offers more
cost-friendly solutions to educational districts with limited resources.
There are many applications that are implemented in education for various subjects. For
example, GeoGebra [20] is an interactive application that promotes science,
technology, engineering, and mathematics (STEM) education by allowing students to
observe shapes and 3D functions, employ critical thinking abilities, and more.
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Figure 6: Students are learning geometry shapes via Geogebra AR app.

Another AR application in this category is Star Walk allows users to observe and
identify constellations and stars in real-time, as well as learn about interesting
astronomical facts and daily statistics (see Figure 7) [21].

Figure 7: Star Walk:Find Stars & Planets
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On the other hand, entertainment is another field that augmented reality applications
are progressively developed day by day. People are continuously looking for ways to
be amused in some way. Augmented reality can elevate this source of entertainment to
greater levels. Movies, sports and music events, and indoor and outdoor games are some
of the aspects of the entertainment industry that can be enhanced to give a more
engaging experience. After the huge success of Pokémon Go, which implemented by
Niantic in 2016, more and more AR games appeared. For instance, Jurassic World
Alive is an AR game similar in mechanics to Pokémon Go. Both games belong in
location-based category of games, in which global positioning system (GPS) or digital
compass helps to identify the user's position, after which the real-world physical things
are replaced with or combined with the augmented objects. Players in Jurassic World
Alive explore the actual world in search of various dinosaurs to acquire. From there,
players can battle other players and even build hybrid dinosaurs in the game's lab mode.

Figure 8: Searching for dinosaurs by playing Jurassic World Alive AR game.

Another remarkable AR game is “Knightfall AR” which is actually a board game that
you play through your mobile device. This game places users in the world of the
Knights Templar as they attempt to defend Acre from an invading army and save
Christianity's most coveted artifact, the Holy Grail. The goal is to eliminate as many
enemy soldiers as possible before they breach the fortifications.
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Figure 9: Knightfall AR an augmented reality board game

2.1.3.2

Advertising and Marketing

Innovative marketers can take advantage of augmented reality technology to create
immersive brand experiences, more interactive advertising, and new ways for
consumers to interact with products and locations [64]. Marketers aim to develop user
experiences that take into account their communication goals, target audience, content
management techniques, and the social-physical context of their customers' life. Most
significantly, they must concentrate on customer involvement and the factors that
influence it, such as affordance, sociability, and artifacts. There are a variety of ways
that advertising and commercial industries are taking advantage of augmented reality
technology.
First of all, the industries allow consumers to try before they buy. Customers have
always the desire to try products before buying them. One of the fastest-growing retail
trends is augmented shopping experiences. There are numerous home-related products
available that do not require users to make direct touch with them. AR eliminates the
need for a big physical inventory to allow clients to try on or big sample of things in
order to find the one that best fulfills their needs.
One significant example of this category of augmented reality application is IKEA’s
augmented reality app, IKEA Place as named [22]. This application allows customers
to evaluate IKEA products in real time using Apple iOS ARKit technology. IKEA Place
scans the size of a room using an iPhone camera to visualize a product within a specific
location. To make their decisions, users can search over 2 thousand IKEA products.
After selecting a product, users must aim the device to the desired location in a room,
then drag and drop the product into place.
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Figure 10: IKEA Place augmented reality app

Another way that AR technology have been used in the area of marketing and
advertising branding augmentation. By including a virtual component, augmented
reality can elevate branding materials such as business cards. Users can utilize their
mobile devices to scan products to gain access to a variety of services that provide
additional information and methods to contact the business. For instance, a business
card can use augmented reality to display a range of contact useful information,
allowing the user to contact with the company’s phone, email or fax. AR proved to be
the strongest user motivator than other media in the advertisement field, like TV, radio,
etc. More specifically, AR gives users the opportunity to connect with the product in a
more direct way since users can interact with the product's digital information. On the
other hand, TV or radio provides a passive approach of connection between the user
and the product. AR allows businesses to add a digital component to their physical
products. Customers can scan a product to bring up an AR experience aimed to either
providing additional product information or some type of complementary brand-related
experience. For instance, Starbucks has used augmented reality to digitize the tour of
one of their coffee shops. Users can scan objects in the store to obtain a virtual tour that
provides more information to enhance the physical location. Furthermore, AR creates
a memorable experience by immersing the user in an immersive environment that
captures their attention. The consumers will grasp all of the important information about
the product and retain it in their minds for a long period.
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Figure 11: AR application of Starbucks that allows users to blend online and in-store retail experience

in Shanghai

2.1.3.3

Tourism

Augmented reality has the capability to improve the tourist experience and assist
travelers in accessing important information. This can be achieved since AR technology
is able to boost tourist understanding of their touristic destination and at the same time
to enhance user’s amusement levels throughout the process [15]. This kind of
applications provide information based on a specific context, depending on user’s
demands and preferences. Furthermore, the traveler utilizing AR technology is able to
be transported in different locations by just using his/her smartphone. For example, an
AR application can provide digital information and images of a specific location, while
the user is just shitting on his sofa. This will help travelers to better organize their trip
and reduce the cost of time and money for them.
The augmented tourism experience, according to Yovcheva et al. [16], is a
"complicated concept that involves the feelings and, emotions, knowledge, and skills
arising from the perception, processing, and interaction with virtual information that is
combined with the real physical world surrounding the tourist.", claiming that the topic
of augmented reality encounters (both expected and actual) in the context of tourism is
still under-researched. Navigation and best route finder, recommendation of POIs
(Point of Interests), POIs descriptions and explanations and language translation are
some of the most significant use cases scenarios of augmented reality applications in
tourism. For instance, Boboc et al. [17], developed a storytelling mobile augmented
reality (MAR) application that provides historical information related to the Roman
poet Ovid’s life, on the occasion of the 2000-year anniversary of his death (see Figure
12).
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Figure 12: Mobile augmented reality application reciting Ovid’s life (a)user viewing from inside the
house in Rome; (b) user looking at Ovid writing poem at his table in Constanta; (c) user exploring the
outside of the house in Rome; and (d) user investigating the outside of Ovid's childhood home in
Sulmona.

To continue with, Brata et al [18], in their study discusses the user journey map
technique, which resulted in new intuitions into how users utilized location-based AR
for navigation (see Figure 13). Their prototype's user experience transition reveals that
in a location-based AR situation, users can quickly recognize annotated objects when
they have a highlight on a landmark, direction arrows to the next waypoint, and
remaining distance information to a certain POI.
Another example is BandoAR (see Figure 14), a translator application from Banjar
Language to Indonesian [19]. This application can operate as a real-time application
without input media, such as text that must be written, needed, using just a high-quality
camera with autofocus capabilities. Their study focuses on the process of discovering
and tracing texts in the Banjar community.
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Figure 13: Brata’s et al. location based AR prototype (a) step-by-step instructions; and (b) POI shape

changes depending on user distance.

Figure 14: BandoAR application
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2.2 VOCATIONAL EDUCATION AND TRAINING
Vocational Education and Training (VET) is described as the education programs
implemented to help students gain the knowledge, skills, and competencies required for
a certain occupation, trade, or class of occupations or trades [1]. VET is actually a
hands-on approach to education that focuses on learned skills and the application of
learning outcomes in the workplace. Furthermore, VET is more focused on preservice
education and training, and students are equipped to meet labor market demands in
certain occupations. The ultimate purpose of VET is to help learners achieve workplace
goals, increase their knowledge and attitudes, and improve their individual skills [2].
Rapid technological change necessitates people updating their knowledge and abilities
on a regular basis. Unlike in the past, when a job could be retained for a lifetime, it is
now usual to switch careers multiple times. For instance, people are made redundant
and out of jobs. As a result, VET is responsible for re-skilling such people so that they
can find and return to work. VET, also, provides flexibility as it offers broad-based
technical knowledge and transversal capabilities on which various occupations can be
based on.

Figure 15: Students at a vocational school study practical electronics in China
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In Greece, VET is crucial to generate the specific skills required by employers and
industries. According to the law regulating secondary education (Law 4186/2013),
which among other things intends to draw more students into VET, students can
choose from the following options, besides the general upper secondary school [3]:




initial vocational education in the formal education system during the second
cycle of secondary education at a vocational upper secondary school (day or
evening school);
initial vocational training received outside of the formal education system
(known to as non-formal) in vocational training institutes (IEK), vocational
training schools (SEK), colleges and lifelong learning centers.

Some domains of vocational training in the Greek educational sector include:








Agriculture, Food Technology, Nutrition
Health and Welfare
Maritime Professions
Applied Arts and Art Studies
Hospitality and Tourism
Technology Applications
Electronics & Engineering Technology

2.3 AR APPLICATIONS IN VET
As mentioned in the previous section, VET’s ultimate challenge is to assist trainees in
achieving workplace objectives, by increasing their knowledge and attitudes and
improving their individual skills. Technical and academic vocational organizations,
such as schools, universities, and more, are expected to deliver the optimum training
techniques and methods that will equip their trainees to acquire the appropriate desired
professional career in the industry. The appropriate training, especially in construction
and repair tasks, can help to avoid mistakes and should be carefully planned. For
instance, making a mistake in an electrical system installation or in a heart surgeon for
example would be destructive. The traditional technique in VET organizations is
person-to-person training, in which an expert explains a beginner trainee's new
construction and repair processes. Furthermore, tutors face substantial obstacles in the
classroom due to a wide variety of students' special educational needs, as well as
students' absence of adequate fundamental competence, concentration, background
knowledge, attentiveness, and motivation, among other factors. Apart from these
benefits, it is observed that AR provides enhanced experience and consciousness,
improved long-term memory consolidation, improved interaction and collaboration,
and increased attention and engagement. In this context, AR provides many benefits in
various domains of education and training. Some of them are presented below.
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2.3.1 Medical Training
In the healthcare industry, augmented reality has offered to surgeons and doctors access
to real-time data, making surgical interventions, diagnostics, and patient treatment more
advanced and efficient. AR's involvement is unavoidable even in medical training and
education. Augmented reality technology has increased the value of practicing
medicine by allowing students to view health scenarios and practice on 3D models so
that they are well-trained to handle specific medical conditions even before they test
their knowledge on actual people [55]. So, AR provides learners with practical
knowledge and hands-on experiences that benefit their medical education and training.
Some of these significant benefits are the followings:






Students are training via simulation surgeries in order to learn from their
mistakes and prevent them from happening in real patients.
Students have the opportunity to practice everything in an AR-created real-life
medical scenario.
Students are taking insightful feedback from the AR for further improvement.
Trainees have the opportunity to envision and practice theories that were
previously restricted to texts exclusively.
Learners are able to overlay patient anatomy on a 3D human skeleton to better
comprehend the numerous elements and functions of the human body.

AR has resulted in a radical shift in the healthcare industry. However, AR technology
is still in its early stages, and much more innovation in the field of medicine and patient
care, in particular, can be expected in the next years [53,54]. There is a variety of
augmented reality applications that are implemented for medical training scopes. A
UK-based company named Curiscope, designed the Virtuali-tee T-shirt [56], which
enables people to observe the inner functioning of the human body through realistic
holograms. The symbol on the T-shirt is a QR code. When the user focuses the camera
of the accompanying smartphone at the skeletal pattern worn by another person while
the app is active, the software identifies it and begins an anatomical animation.
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Figure 16: the Virtuali-tee T-shirt, enabling users to observe the inner functioning of the human body

via realistic holograms

In continuing, the world's first patient simulator with modeled physiology displayed in
breathtaking anatomical holograms, CAE LucinaAR with Microsoft HoloLens, is a
milestone in healthcare simulation. Learners get a glimpse inside the mother as the
embryo enters the birth canal, and they observe which of their activities can affect
mother-baby safety.

Figure 17: Learners get a glimpse inside the mother as the embryo enters the birth canal, by using

LucinaAR

Finally, remotely utilizing the experience of highly trained doctors and surgeons is one
of the most difficult tasks in the healthcare domain. Without a doubt, hospitals can share
live footage of their procedure room with a remotely-based trainee to gain support or
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guidance. Such an example is Proximie, making live streaming interactive by adding
useful overlay information by using AR [24].

2.3.2 Engineering Training
In the same spirit as medical training, AR is proved beneficial in the training of
engineers as well. In the field of engineering training, Augmented Reality (AR) is a
solution for faster and deeper comprehension of technological systems and their
operating principles, as well as for connecting data to the actual environment in a
friendly way [25]. Engineering is a complicated science in which trainees must be
prepared to understand and deal with operations from a variety of related areas.
Students should grasp the concept and functioning of a given system component, and
also how it functions within the context of the entire system. As a result, a high standard
of interdisciplinary is expected to be deployed in order to obtain a holistic education.
Several theoretical and experimental phenomena associated with engineering cannot be
emulated in labs because they are too dangerous or it is impossible to reproduce them
(for example accidents, floods, consequences of mistaken practices). AR can easily
simulate these scenarios providing safety to the trainees at the same time.
There is a diversity of AR applications that are implemented for various engineering
fields, such as electrical, civil, mechanical, chemical etc. “Paint-cAR” is an example of
this type of application [27]. More specifically, this is a marker-based mobile AR
application assisting in the learning process of repairing paint on a car in the framework
of a car maintenance vocational education and training curriculum. In addition, this
system was created by the authors utilizing an approach for designing mobile AR
applications with educational scopes through a collaborative creative procedure (CoCreation) and is based on the Universal Design for Learning (UDL).
Another example is GAMMA AR, a construction site monitoring tool that employs
augmented reality technology to overlay 3D buildings on smartphones or tablets. It
enables users to compare the actuality of the job to the project's planning information.
GAMMA AR allows 3D models to be examined before and during the construction
process, improving planning, lowering construction costs and minimizing errors.
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Figure 18: GAMMA AR overlay 3D buildings using AR technology

2.3.2 Military Training
Military training has shown promise in augmented reality environments, which can
preserve some of a soldier's physical features. Soldiers until now, travel in a specific
location in order to train in accomplishing military missions. With the usage of AR
technology, the soldiers can easily simulate any military mission, without changing
locations. Additionally, this kind of AR simulation can significantly decrease the cost
of military training missions, like the number of bombs or bullets. For instance, air force
training is a high-cost military mission. Moreover, the soldiers can also participate and
accomplish more dangerous scenarios, like the missing functionality of an engine or
fire placed in the engine. Another important benefit of AR technology is the weather
conditions that can be easily changed. As a result, soldiers can be trained in fighting in
extreme weather conditions, in a foggy or snowy environment for example. In this paper
[31], an evaluation of augmented reality training in an urban environment with the MRMOUT system was conducted, with a focus on how effective augmented reality with
realistic audio feedback enhanced performance as a dismounted soldier relied heavily
on all of their senses to evaluate a situation. While that system focused on training in
the most realistic scenario possible, other systems, like BARS, aimed at providing
improved situational awareness to solder in training by visual cues superimposed on
the real world.
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For many years, sand tables were used to plan combat operations and instruct soldiers.
It is typically a table with a scaled physical model of the terrain involved and some sort
of plastic figures to position the allied and enemy soldiers. In 2015, the Army Research
Laboratory completed the development of an augmented reality version of a military
sand table, named ARES [29]. They used a standard projector, a basic LCD display, a
laptop, and a Microsoft Kinect. ARES improves battlefield visual representation,
reduces the time necessary to model terrain and scenarios, and gives students a far
higher degree of participation.

Figure 19: Augmented reality version of a military sand table named ARES

2.4 LEARNING MOTIVATION
The term Motivation is defined as a psychological concept that refers to the desire of
someone to want something and provides a guiding factor to pursue the desire [32]. The
purpose of motivation is to keep the students informed of their role during the learning
process and indicate the strength of their learning capabilities. In learning activities,
motivation can be described as the driving force within students, making them able to
achieve learning goals [33].
Instructors should be able to guide students in the successful performance of the
learning activities, by motivating them. In order to achieve this, the teaching methods
that instructors utilize have to motivate students and lead them in successfully learning
task completion. At the same time, students have to be able to enjoy the learning
process. As a result, instructors should enhance the quality of their teaching methods,
interact more efficiently with the learners and offer the greatest possible motivation for
student learning. Learning motivation is not only a force that moves individuals to
learn, but it is also something that leads student activities toward learning goals [33].
Motivation is classified into two categories, a) Intrinsic motivation and b) Extrinsic
motivation. Intrinsic motivation is defined as the urge to act produced by an internal
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motivating factor [34]. More specifically, people are forced to act in specific ways in
the absence of any external motivators. Students’ dedication in completing learning
tasks can show which of them are intrinsically motivated to engage in learning
activities. The desire to achieve the learning goals of these kinds of students is obvious.
Students who are intrinsically motivated in their activities outperform extrinsically
motivated students in terms of learning [35]. In the case of intrinsically motivated
students the levels of engagement and interaction in the learning process are high.
Moreover, instructors should take into account the cognitive, emotional, and
psychological maturity of the students, in order to create intrinsic motivation in learning
[35, 36]. Otherwise, it will be difficult for them to develop intrinsic motivation in
learning. Educators can use several methods in learning to ensure that students are
intrinsically motivated. These methods are presented below:






Relating learning objectives with student goals so that learning objectives
become student goals.
Allowing students to broaden their learning activities and experiences while
remaining within the boundaries of the main learning sectors.
Allocating enough extra time for students to design their projects and utilize
existing learning resources at school.
Occasionally awarding students’ work.
Allowing students to explain and read out the assignments they created, if they
choose.

Extrinsic motivation is defined as active desires that function in response to external
stimuli [35]. The existence of the extrinsic motivation derived from the primary aim of
people to perform tasks which are unrelated to learning activities [36]. More
specifically, extrinsic motivation is an urge for someone's activity that is independent
of the act he is performing. The educator employs extrinsic incentives because the
lessons are uninspiring in and of themselves, and the teacher is less capable of arousing
children's attention. Extrinsic motivation occurs when a person studies with the goal of
gaining good grades, moving up a grade, receiving a diploma, and finding awards in
the form of numbers and medals.
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Chapter 3: Designing BreadboARd Application
with User-Center Approach
User-centered design (UCD) is an iterative design method in which designers focus on
the users and their demands at each stage of the design procedure [62]. The first stage
of the design process is to gather information and understand users’ demands. Designers
have to interview people or observe the field of user’s task and take advantage of this
information to define system requirements before starting to build the first prototype.
Then, when the first prototype is created the user have to evaluate it. User-centered
designers interact with representative users and allow them to test various prototypes
throughout the process. Each time, the design is updated until the product is suited to
the requirements, desires, and situations of the users. In addition, it is important for the
user-centered designers to understand how to convert user requirements into system
functionalities in order to develop a well-designed system interface. More specifically,
a well-designed interface enables users to engage with the system and solve problems
simply, without the need for external assistance. As a result, the concept of usercentered design has emerged as the most important concept in the design of interactive
systems.

Figure 20: The process of user-center design approach

User-centered design is built on seven important principles, Norman suggested in 1988
[30], that can be implemented to the product or system design procedure:


Take advantage of both knowledge in the world and knowledge in the head.
By creating conceptual models, create user-friendly instructions that are
created before the design is implemented.



Simplify the task structure. Make absolutely sure not to overload the user's
short-term or long-term memory. On average, the user can recall five items at
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once. Maintain consistency in the task and provide mental aids for simple
retrieval of knowledge from long-term memory. Ascertain that the user has
command of the task.


Make everything visible: bridge the Execution and Evaluation Chasms. The
user should be able to figure out how to operate an object by viewing the
appropriate buttons or devices for carrying out an action.



Make sure the mappings are correct. Using graphics to make things more
understandable is one option.



Utilize the force of restrictions, both natural and artificial, to give the user the
impression that there is only one way to accomplish.



Make allowances for mistakes. Plan for any conceivable error that may occur;
this way, the user will have the option of recovering from any possible fault.



When everything else fails, standardize. If something cannot be built without
meaningless mappings, develop an international standard.

3.1

Personas

The term “Persona” in the HCI field was originated by Cooper [60]. A persona is a
detailed description of a user's attributes and what he or she wishes to achieve. Cooper
argues that the creation of a persona should be grounded on solid research and
should/could be conveyed in written and/or image form. A persona is typically
developed to assist designers in understanding, describing and clarifying user needs and
behavior patterns.
Rather than designing products, services, and systems based on the preferences of the
design team, it has become common practice in many human-centered design
disciplines to compile research and personify particular trends and patterns in data as
personas. As a result, personas do not represent real people, but the designer creates
them using real data gathered from multiple persons. Personas bring a human element
to what would otherwise be cold facts in your research [39]. When the designers
construct persona profiles of typical or atypical users, they will be able to recognize
trends in their research that will help them synthesize the types of people they want to
design for. Personas are frequently referred to as composite characters or model
characters.
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These personas and the use case scenarios designing are based on two factors 1) my
personal experiences in electronic labs when I was studying at the university and 2) an
interview that was performed with an electronic lab assistant at the University of Patras.
First of all, when I was an undergraduate student I attended three electronic labs. At the
beginning of the lab, the instructor was presenting the exercise and was giving some
advice and instructions. Then, all the students had to create the required electronic
circuit and calculate relevant values. The completion time was strict and the student
had to be focused. Any distraction of their attention would cost time and mistakes would
possibly happen, which in some cases would lead to the destruction of materials. I
remember some similar cases in which fellow students made mistakes that caused the
explosion of capacitors. Of course, the capacitors were damaged and were no longer
suitable for use. Another significant detail I remember is that in most of the labs the
instructor was busy answering questions of other students, so he could not check the
proper operation of each students’ electronic circuit. This is another case in which costs
time to accomplish the lab’s exercise for many students, as well as could lead to
mistakes.
Additionally, in order to prove that these experiences didn’t change during the years, I
performed an interview with a current Electronic lab assistant. The most significant
questions and answers were the following. When I asked him “What are the needs of
Electronic labs these days”, he answered me “The most important thing is that the group
size of the students in each lab is too big for one instructor and one lab assistant (if he
exists). So, it’s difficult for me to check extensively every electronic circuit and to
answer every question. This leads to mistakes that in most cases cause damage to the
materials. The damage of materials means the big cost of money in most of the cases.”.
Another question was “How do you evaluate the lab performance these days, in the
terms of COVID-19 pandemic?”. The answer was predictable. “Students create
electronic circuits using online tools. The fact that this lab demands the direct contact
of the students with the materials influences negatively the performance of the lab. Of
course, the learning motivation is not the same.”.
My relevant experience, which worked as an on-field observation, and the interview
helped me understand the needs of the Electronic lab these days, beside the impact of
students’ learning motivation. In this context, two personas were created in the design
process of the thesis application. These personas are presented below in the next
sections.
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3.1.1 BreadboARd’s First Persona

“Maria Papadopoulou is 19 years old. She is a computer and informatics
engineer student at the University of Patras. She likes to spend her free time
reading books and listening to music. As she likes to be very organized in her
life and she wants everything to be under control, when this does not happen
she can be nervous. Her main concerns are focused on completing her
bachelor's degree and finding a well-paid job afterward.”

Figure 21: Persona 1 - “Maria Papadopoulou”
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3.1.2 BreadboARd’s Second Persona

“Theocharis Giannikakis is 18 years old. He is an electronic technician student
at Electronic Labs (SEK) of Heraklion. He likes to spend his free time playing
computer games and watching movies. He finds it challenging to make new
friends since he is extremely introverted and shy. His main concerns are
focused on completing hid SEK institution with excellent grades and becoming
a successful electronic technician at Heraklion.”

Figure 22: Persona 2 - “Theocharis Giannikakis”
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3.2 Use Case Scenarios
After the designing of the personas, the next step for a designer is to create use case
scenarios. Use case scenarios are useful tools for designers to envision parts of their
solutions that users may appreciate the most in their contexts of use, as well as with
their specific needs and motivations. Scenarios, which are sometimes mistaken with
user stories (brief statements that directly define a user's purpose), record what users
are likely to experience as they progress toward adopting an ideal solution. As a result,
these storytelling-powered deliverables are adaptable tools for ideation, iteration, and
usability testing, where they can help expose key areas to test. Use case scenarios can
keep stakeholders on track with a shared vision by assisting teams in exploring the
design space and locating precise and hard-to-notice user demands.

3.2.1 BreadboARd’s First Use Case Scenario

“Maria Papadopoulou got sick of Covid-19. Unfortunately, she must be
quarantined in confinement in her home for two weeks. As a result, she
is unable to attend the University's Electronics Lab. Maria is upset
because she is concerned that her absence from the lab will cause her
to fall behind. In this case, BreadboARd application can assist her by
allowing her to attend the electronic lab from the comfort of her own
home. She can complete each lab task without needing to enter the lab
by just using a breadboard and her mobile phone. Furthermore, the
application provides feedback to ensure the successful operation of her
electronic circuit.”
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3.2.2 BreadboARd’s Second Use Case Scenario

“Theocharis Giannikakis every Thursday is attending the ‘Designing
electronic circuit’ course. Because his attention is often distracted,
he did not pay close attention to Professor Athanasiou's theoretical
examples that might benefit him in the lab. As a result, when it came
time to make the circuit that professor Athanasiou had requested in
the lab, he was confused and had no idea how to start. He was
becoming stressed, and he was concerned that if he made a
mistake with the circuit connections, some of the materials might be
burned and ruined. He attempted to consult Professor in order to
ensure that his circuit would function properly. Unfortunately, during
this time, the lecturer was engaged in assisting other pupils. He
thought that he would not be able to finish his circuit by the
conclusion of lab time. Hopefully, by using BreadboARd application,
he managed to complete the circuit and check for the successful
functionality of it.”
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3.3 Storyboards
A storyboard is a linear sequence of drawings that are arranged to depict a tale [61].
Storyboarding is a tool that originated in the film industry. Walt Disney Studios is
credited with promoting storyboards, using frame sketches from the 1920s. Storyboards
assist Disney animators to visualize the world of the film before it is built. In the userexperiences design process, stories are an effective and low-cost tool to record and
share experiences. This technique provides the following advantages in user-experience
design:
 Design method is human-centered
People are at the center of the design process while using storyboards. They give
statistics and research results a human face.
 Demands thinking about user flow
Designers may put themselves in their customer’s view and see their products
through their eyes. This assists designers in understanding existing use case
scenarios as well as testing predictions about new ones.
 Emphasizes what's really important
Storyboards also show designers where they don't need to spend money. Designers
can save a lot of time and effort by using them.
 Iterative process is simple
Storyboarding is strongly reliant on iterative processes. Sketching allows designers
to experiment for little or no expense and to test several design concepts at the same
time. Designers can be shot down, move on, and come up with a new solution in a
relatively short period of time. Because the ideas are so rapid and unrefined, no one
gets too connected to them.
Storyboarding can aid with participatory design. Participatory design involves all actors
(designers, developers, stakeholders) in the design process to guarantee that the end
result is suitable. If the system or product has a compelling storyboard that describes
how the solution solves the problem, it is more likely to be appealing to the target
audience.
The story has to be easy to comprehend, logical and realistic. The designer, in order to
deliver the story more convincingly, have to understand the key elements of the story.
Each story should include the following features:
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Character

A character is the persona of the story. It is important, feelings, emotions and
expressions of the character to be presented. Each narrative should have at least one
character.


Scene

This is the setting in which the story takes place (it should have a real-world context
that includes location and people).


Narrative

A storyboard's narrative should emphasize on a goal that the character is attempting to
accomplish. Designers all too frequently leap right into presenting the elements of their
design without first explaining the backstory. This approach must be avoided. The story
should be well-structured, presenting a clear beginning, middle, and end.


Clarity

The fundamental goal is the character, the goal, and the experience description to be as
obvious as possible. There are two approaches that the story end with. If the designer
is using a storyboard to express an existing problem, it should end with the full weight
of the problem. Otherwise, if the designer is using a storyboard to give a solution that
will make the character's life better, it should conclude with the benefits of the solution


Authenticity

The story must contain realistic experiences about the character and especially for the
product of the story. The more realistic the storyboard is, the better will be the results.


Simplicity

Every detail in the story should be pertinent to the experience. Any extraneous items
and any word or image that does not add value to the overall message, no matter how
brilliant it is, must be removed.


Emotion

The emotion has to be incorporated into the plot. Throughout the story, the emotional
state of the character must be revealed.

In this context, the storyboards that are visualizing the use case scenarios that presented
in previous part, describing the benefits of BreadboARd application in the personas life,
are indicated in next sections.
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3.3.1 BreadboARd’s First Storyboard

Maria realizes that she is
infected with COVID-19. As a
result, she has to stay at home
for 15 days.

She feels upset because she will
miss some Electronic Labs and
she believes that this situation
will fall behind.

Maria started to watch the lab
using her computer, but she
cannot participate.

However, by using the
BreadboARd application she
can scan the breadboard with
her smartphone.

Now she can easily build the
circuit that the lab task requires
and she can check the successful
operation of it.

Maria feels happy as she
managed
to
successfully
complete the lab task, although
she was not in the lab.
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3.3.2 BreadboARd’s Second Storyboard

Theocharis get distracted in
the class and he does not pay
attention to the professor’s
Athanasiou examples that
might be useful for the lab
task.

When it came time to make
the circuit that professor
Athanasiou had requested in
the lab, he was confused and
had no idea how to start.

He was becoming stressed, and
he was concerned that if he
made a mistake with the circuit
connections, some of the
materials might be burned and
ruined.

He attempted to consult
Professor in order to ensure that
his circuit would function
properly. Unfortunately, during
this time, the lecturer was
engaged in assisting other
pupils.

Hopefully, by using BreadboARd
application, he managed to
complete the circuit and check for
its successful functionality of it.

Professor Athanasiou congratulates
him for his job. Theocharis was
excited and he thought that using
BreadboARd application can help
him learn to build circuits and have
fun at the same time.

Stamatios Gkoumas
43

Chapter 4: Implementation
4.1 Unity Engine
Unity is a cross-platform game engine established by Unity Technologies that is used
to create video games and simulations for computers, consoles, and mobile devices
[59]. It was originally launched solely for OS X at Apple's Worldwide Developers
Conference in 2005. Unity can also be described as a flexible game engine that supports
2D and 3D graphics, drag-and-drop capabilities, and C# programming. Unity is
especially popular for mobile game creation, and a large portion of their concentration
is on mobile platforms. The 2D pipeline in Unity3D is a newer addition to the engine
and is less mature than the 3D pipeline. Despite this, Unity is an adequate platform for
producing 2D games, even when compared to other specialist 2D engines, especially if
the game will be released on many mobile platforms. Unity allows for the specification
of texture compression and resolution settings for each platform supported by the game
engine.
Unity also provides developer services such as Unity Ads, Unity Analytics, Unity
Certification, Unity and more. Aside from that, Unity features an asset store where the
developer community may download and submit both commercial and free third-party
materials like textures, models, plugins, editor extensions, and even whole game
examples. Unity's ability to target games for many platforms is noteworthy. Some of
the most significant platforms currently are supported by unity are Android, iOS and
PlayStation.
The interface of Unity consists of the following sections:
Scene View: In this section, you will create levels for the game, scene, or 3D project.
The Game Objects will all be placed and edited right here.
Game View: This is where users will observe their outcomes, as well as how their level
or scene appears. In order to see how it looks, users must have a camera on the scene.
It's also known as Camera View.
Hierarchy: This window will show all Game Objects that have been placed directly on
the scene. Basically, everything users see in Game View should be included here. This
includes both non-visual and visual game objects.
Project: This is user project's window. Essentially, it displays the contents of user disk's
Assets folder. This window will allow him to access anything from Game Objects,
Textures, Scripts, Video, Folders, Audio, Models and so on.
Inspector: This panel will show the many attributes and properties of selected Game
Objects. The appropriate properties and components will be listed based on the
selection.
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4.2 Vuforia Engine
For the AR part of BreadboARd application there is a variety of AR software
development tools like Vuforia Engine, ARCore, ARkit, ZapWorks and others. Vargas
et al [40] created a table on which all the AR frameworks are compared based on
tracking methodology, price, supported devices and more (see Figure 23). Finally,
Vuforia Engine [57] was selected among the others. The Vuforia engine is a cuttingedge augmented reality platform with cross-platform reach and exceptional
performance for a wide range of useful applications.

Figure 23: Comparative table of AR software development tools.

The benefits of Vuforia Engine are various and some of them are presented below:
 Wide targeting options: Vuforia allows developers to bring AR interactive
experiences to a variety of items and environments. They can select from multitarget spaces, object targets, model targets, and even cylinder targets for objects
with a cylindrical tube. Occlusion control is also offered to help change the way
the virtual content interacts with the physical world.
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 Incredible accuracy: Using market-leading computer vision technology,
Vuforia offers precise and robust AR experiences across a wide range of
situations. The cutting-edge technologies in the Vuforia ecosystem assist
developers in efficiently capturing physical information for use as context in
your AR spaces.

 Encouraging Creativity: Developers are allowed to build any kind of AR
experience they want. You may add AR capabilities to existing assets, such as
upgrading your set-up guides with AR instructions. Alternatively, you can start
from scratch and create entirely new AR apps for customer experience. For
maximum flexibility, the Vuforia solution integrates with all major
development platforms.
 Dynamic recognition: The dynamic recognition features of the Vuforia Engine
provide cutting-edge insights into the AR technology. Developers can simply
target photos, locations, and 3D objects, providing lots of leeway to explore
outside the box.

4.2.1 Installing Vuforia Engine in Unity
The installation of Vuforia Engine in the Unity framework is quite simple and there are
various ways to achieve it. The one that is followed in my case is the following. The
latest Vuforia Engine SDK package was downloaded and added it to the Packages
folder of my Unity project. Then in Unity, by navigating to Window -> Package Manager
and by pressing the + icon and I selected Add Package from Disk (see Figure 24). By
locating to the downloaded package, I opened the package.json. This will import the
Vuforia Engine and, after a short processing time, appear in the package list.

Figure 24: Manual installation of Vuforia Engine
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4.2.2 Vuforia Engine Targets
4.2.2.1

Image Targets

Image Targets include images that can be detected and tracked by the Vuforia Engine.
The Engine identifies and analyzes the image by comparing natural features retrieved
from the camera image to a corresponding target resource database. Once the Image
Target is recognized, the Vuforia Engine will monitor the image and smoothly augment
the content utilizing the highest resolution tracking technology. Image Targets are the
most convenient way to place AR content on flat objects like magazine pages, photos,
posters and trade cards. Image Targets can be produced with the Vuforia Target
Manager using RGB or grayscale JPG or PNG pictures. The features derived from these
photos are saved in a cloud or device database, the latter of which can be downloaded
and packed with the application. Vuforia Engine can then leverage the database for
runtime comparisons. Another approach is to construct Image Targets directly in the
Unity Editor using image assets, or at run-time using the relevant API.

Figure 25: Vuforia Image Target example
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4.2.2.2

Object Targets

Object Targets can be utilized to create highly interactive 3D object experiences. These
experiences could include bringing a toy to life with 3D content, superimposing a user
manual on top of a consumer electronics gadget, or guiding a new employee through
an interactive training procedure for a workplace device. The physical object should be
opaque, stiff, and have no or very few moving elements for Object Target Recognition
to perform well. Adaptable or deformable objects are not supported as full objects, nor
are objects with articulating components, but you can use the non-articulating sections
of the object as an Object Target. The object's surface should have a lot of contrast and
texture. In addition to object requirements, the Vuforia Target Manager only supports
OD (Object Data) files generated by the scanner app for Object Target generation.

Figure 26: Vuforia Object Target example

4.2.2.3

Cylinder Targets

Cylinder Targets allow users to detect and track pictures wrapped in cylindrical and
conical shapes. The Vuforia Engine can monitor the sides, as well as the flat top and
bottom of the Cylinder Target. Cylindrical shapes are regularly used for consumer
products, and they frequently have unique inscriptions that are ideal for creating a
complementing augmented reality experience.
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Figure 27: Vuforia Cylinder Target example

4.2.2.4

Multi Targets

A Multi Target is a grouping of numerous Image Targets that have been arranged in a
certain geometric pattern, such as boxes. This enables tracking and detection from all
angles and has a wide range of applications, including marketing, packaging, and
instructional situations. Begin by creating your Multi Targets in the Vuforia Target
Manager and uploading photos that are the correct size for users’ Multi Targets. JPG or
PNG images in RGB or grayscale are used in Multi Targets. The submitted photos must
be 2.25 MB or less in size. The extracted features from these photos are saved in a
device database, which can subsequently be downloaded and packaged with the
program. Vuforia Engine may then use the database to compare execution times. Multi
Targets should preferably be observed in light that is both reasonably bright and diffuse.
The object's surfaces should be equally lighted.
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Figure 28: Vuforia Multi Target example

4.2.2.5

VuMark Targets

VuMarks are a new generation of bar codes. They enable for a personalized and brandconscious design while also encoding data and acting as a trackable AR target. VuMark
designs are totally configurable, allowing you to create an individual VuMark for each
unique object. The VuMark provides a universal approach for delivering unique AR
experiences on any object while giving design freedom for a personalized look and feel
that is kept across any number of targets. Moreover, VuMarks provide a simple
technique for encoding data like as a URL or a product serial number, which overcomes
the constraints of conventional matrix bar code solutions, which do not support AR
experiences and also detract from a product's aesthetic. The same VuMark visual
pattern can be used to encode a variety of unique IDs or data into a single icon, image,
or logo, which is beneficial for providing a common identity throughout a product
range.
In a nutshell, a VuMark's trademark is the capacity to





exhibit millions of instances that are all distinct from one another
encode a wide range of data formats
Differentiate between similar-looking goods using their Instance ID.
VuMarks may be tracked in 3D indefinitely.

VuMarks are a big thing for businesses because they provide a scalable solution to
detect things and overlay 3D step-by-step instructions in specific regions that could
improve maintenance or training sessions. This results in significant cost savings for
staff who operate and maintain equipment.
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Figure 29: Vuforia VuMark Target example

4.2.3 Breadboard Scanning Process
As it mentioned in chapter 4.2.2.2, in order to detect an object, it must be scanned by
the Vuforia Object Scanner application first. The Vuforia Object Scanner is an Android
app for scanning a physical 3D object. The Object Scanner generates an Object Data
(*.OD) file containing the source data needed to define an Object Target in the Target
Manager. You can use the Scanner to create, test, and edit .OD files. It depicts the
object's features as well as their distribution over the object. This is application is
available and can be downloaded from Google Store. Objects should be scanned in light
that is both reasonably bright and diffuse. Direct lights must be avoided. Scanning items
with shiny surfaces in direct light may result in areas with no tracking points. The
object's surfaces should be equally lighted and free of shadows cast by nearby items or
people.
The Vuforia Object Scanner download package includes a printable Object Scanning
target image in the form of a pdf. To keep the dimensional parameters between the 3D
object and the Object Target, it must be printed to scale. Avoid printing the target image
on a glossy surface, as this may damage the scan quality. When a 3D object is scanned,
the scanning establishes the location and orientation of your Object Target relative to
the origin of its local coordinate space. The target's feature region is made up of
overlapping triangular forms. This region fulfills two functions. It allows the scanner
to precisely detect the pose of the physical target in the grid zone and also specifies the
scanning space's culling region.
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Figure 30: Vuforia’s Object Scanning target image

So in order to create an Object Data (*.OD) file the users should perform the follow
steps:


Print and place the Object Scanning target. The target must be printed at full
size. The target size must not be modified, because this will lead to a final
dataset that contains wrongly scaled targets, resulting in poor tracking.



Place the object on the target. The object must be placed on the target's grid
area, as illustrated in the photo below (see Figure 30). It's worth noting that the
object's front left corner corresponds to (0,0,0) in local space.
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Figure 31: Position of breadboard on the target's grid area



Scan the object. In order to scan the object the user must follow the
instructions bellow:

I.
II.

Launch the Vuforia Object Scanner app.
Tap the + icon to begin a new scanning session.

Figure 32: Beginning the scan process

III.

Using the axis augmentation, it must be confirmed that the object is
correctly aligned.

IV.

Tap the record button. The object or the target must not be moved while
the scan is being recorded.
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V.

Use the camera to capture important viewpoint points for the user
experience of the app. When a surface region is correctly captured, the
aspect that corresponds to it glows green.

Figure 33: Capturing the viewpoints

VI.

Once the most of the required surface area have been recorded, use the
stop button to bring the scan to a close.

When the scanning process is accomplished, then the users have the option either to
test the detection of the object or to continue the scanning which will improve the
detection. For instance, the user can scan the object on a darker environment at first and
then in a lighter one. This will enable the detection of the object in any environment.

Stamatios Gkoumas
54

Figure 34: The results of the scanning process

After the scanning process the users have the opportunity to test the detection of the
object. So, the camera opens and by focusing to the object the user can observe a green
bar on the target. The closer to the object the bar appears, the better detection
implemented.

Figure 35: Testing the detection of the breadboard
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4.3 Blender
Blender is an open-source 3D creation platform that allows users to work on all aspects
of 3D production [58]. This encompasses modeling, game development, animation,
visual effects, and other skills. Blender includes a number of capabilities that enable
users to produce many types of art. In addition, Blender allows users to design the scene
in 3D space and manage object positions and lighting effects. This helps users to create
animation films providing the best resources altering all technical lighting attributes to
camera angles to produce the desired output to excite the audience. Rigging and
animating a 3D object within a scenario is quite a simple process. The degree of
difficulty of this method will be determined by the user’s model and the extent of the
user’s animation. Another significant functionality of Blender is rendering and
modeling. The user has the opportunity to create 3D and 2D models by using the
system’s tools. There are various brushes and mesh-modification methods, that enables
user to sculpt complex shapes. In this ways users may also create interacting characters
and aesthetic environments. Modeling is consisting of two basic functionalities. The
first is a fundamental and geometric sculpting method that works with shapes and
planes, while the second is a more natural sculpting method that allows you to build
extremely detailed meshes. Blender also has its own complete game engine, so gaming
scenarios can be designed and developed by using Python. The game can also be played
on any device. Blender, on the other hand, is well-known for producing models and
loading them into Unity, a cross-platform gaming engine.
Blender was used in order to create some of the 3D objects that BreadboARd
application contains, like photoresistors and wires and to make changes in others, like
resistors and diodes.
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Figure 36: Customizing resistors using Blender

Figure 37: Customizing LED using Blender
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4.4 BreadboARd application
In this section screenshots that describe the functionality of the BreadboARd are
presented.

4.4.1 Initial Position of the Objects
Figure 38 presents the initial position of the 3D objects. When the user scans the
breadboard the materials appear into frames based on the category they belong to. The
categories consist of resistors, wires, diodes and transistors. BreadboARd’s version that
used for the experiment includes resistors models of 1ΚΩ and 4,7ΚΩ that are useful for
the specific exercise given to the participants. There are also two types of wires, red for
positive and blue for negative polarization. Furthermore, there are two types of diodes,
LED and photoresistor and one type of NPN transistor (BC547).

Figure 38: Initial position of materials

4.4.2 Manipulation of Objects
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All the materials are 3D objects which can be manipulated. First of all, the users can
drag an object from the basket or anywhere and drop it on the breadboard. In this way,
the user can create the electronic circuit.

Figure 39: User drag and drops materials on the breadboard

The user is also able to rotate the objects or change their size. For instance, the user in
order to choose the appropriate resistor can increase its size so that he can observe its
color code and estimate the Ohm value. In another case, the user can rotate the LED
in order to achieve the appropriate polarity of it.
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Figure 40: Increasing and decreasing scale of materials

4.4.3 Checking connections
The user can place any digital material in the physical breadboard and by clicking the
check button, the system provides information to the user about the connection that he
made. The application can check connections between the materials and provide
feedback. For example, the system informs the user if a resistor is connected in a row
with another if two resistors are parallel connected. The approach that this system
follows in order to check any of these connections is the following. As it is known, the
breadboard’s holes are linked vertically in blocks of 5 with no link across the center.
According to this principle, when the breadboard is scanned by using the BreadboARd
application, each block of the 5 holes is overlaid by a digital surface which is invisible
for the users. These surfaces have, by default, a “SPACE” tag, in order to know that in
this surface there is no component placed. Furthermore, each leg of the components
consists of a collider that is triggered when it enters into these surfaces. So, when a
collider enters into a surface, the tag of this surface changes depending on the material
and the polarity. In order to achieve this, the function OnTriggerEnter(Collider collider)
is used. This function is triggered when two objects collide. In this function, in order to
check the tag of the surface, the function collider.gameObject.
CompareTags(TAGNAME) is utilized. On the contrary, when a collider comes out of
a surface, this surface’s tag changes to “SPACE”. In this case, the function
OnTriggerExit(Collider collider) is used. This function is triggered, when the collider
has stopped touching the surface. At the end, when the Check button is pressed, the
system checks the tags and displays the appropriate message.
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Figure 41: The system provides information about the connections of the resistors which are parallel and
in row.

The application also warns the user if a material is not connected with another or if
the material is out of the boundaries of breadboard.

Figure 42: The system provides information about the connections of the materials if they are not
connected with others.

Furthermore, the application understands whether the circuit is closed. The user must
connect the circuit with the ground and the positive section. If the electronic circuit is
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closed, the LED diode, if its polarization is correct, will turn on. The system informs
the user if the polarization of the diodes and transistors is correct or not. Figure 43
shows a case in which the polarization is correct and the LED is turned on.

Figure 43: The LED diode is turned on as its polarization is correct and circuit is closed

Finally, the system also checks and displays a message in order to inform the user if
the electronic circuit is corret according to the exercise.
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Chapter 5: Evaluation

5.1 ARCS Model
The ARCS model is a motivational design approach that comprises a combination of
four motivational principles and theories: attention (A), relevance (R), confidence (C),
and satisfaction (S) [43]. The classification is formed by clustering motivational
concepts based on common features. The categories that arise provide a framework for
investigating many aspects of learner motivation in order to develop motivational
strategies and learning environments that stimulate and sustain people's desire to learn.
Furthermore, these categories were developed based on an empirical evaluation of the
characteristics of each notion as well as their relationships to theoretical approaches
such as intrinsic-extrinsic motivation theory. In order to classify the notions, the cases
where people’s key source of motivation was to enhance learning attention, to
determine the relevance of the lesson to the learner's goals, to establish confidence in
realistic targets or to make teaching more enjoyable for learners by regulating their
intrinsic and extrinsic objectives.

Attention is focused on features that are able to enhance attention and create interest
in the learning activity. At the same time, these characteristics can keep learners
actively engaged in the education process. Attention span in relation to pleasure
demands or boredom sensitivity is an important component of this category. People
have varying desired levels of arousal. Engagement, collaboration and entertainment
are some of the effective ways for capturing attention [41]. The attention factor is the
most crucial since it generates the learner’s motivation [42]. When a student's interest
is sparked, he or she is usually willing to devote time and attention to the subject.

Relevance encompasses concepts and strategies that enhance the relevance and
meaningfulness of a learning experience. As discussed in self-determination theory,
extrinsic or intrinsic requirements or a combination of the two might motivate learner
goals [41]. Some characteristics that are included in the relevant category are the
demand for success, competence and authenticity. Relevance strategies include goal
orientation, familiarity and purpose matching. Goal orientation can be achieved by
making students aware of how their knowledge will benefit them both now and in the
future. In addition, purpose matching entails examining students' requirements and
motivations for learning in order to present options that are consistent with their
motivations [42].
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Confidence comprises traits connected to students' beliefs of personal control and
successful expectations. Students are more likely to persist in their achievementseeking behavior when they believe that their success is primarily attributable to their
own capabilities and efforts rather than luck or the work being far too easy. As a result,
the confidence category encompasses areas of motivational study such as goal
orientation theory. According to this theory, students participate in learning activities
that assist them in order to achieve their objectives. Moreover, the students have to
concentrate on the task or the process of learning, they are less likely to be stressed
about results and more productive than if they concentrate on results. In this study [41],
Pappas suggests some strategies that are able to boost the confidence factor, like
supporting self-growth, providing feedback, communicating objectives, and giving
learners autonomy.

Satisfaction includes the characteristics that generate people with pleasant feelings
about their learning experiences. Furthermore, these features enable continuing
learning motivation. A satisfying outcome of a learning process is able to establish a
powerful desire for learning. This satisfying outcome could be a high grade in the
learning task, or a tangible reward, like medals or certificates. However, a satisfying
result may not inevitably lead to emotions of satisfaction. For instance, if a student’s
grade is high on a quite simple exam, then the student’s satisfaction level would be low.
The student must believe that the quantity of work expected by the course was
reasonable and that grading was fair.

5.2 Instructional Materials Motivation Survey (IMMS)
Keller [43] developed the Instructional Materials Motivation Survey (IMMS) to
complement the theoretical framework provided by the ARCS model's motivational
principles and theories. The purpose of the survey was to assess answers to self-directed
instructional resources. It is a situational self-report measurement tool that can be used
to estimate learners' motivational factors.
The IMMS consists of 36 questions/items. Each of them belongs in the categories that
correspond to the ARCS models of attention, relevance, confidence, and satisfaction.
According to Keller [43], "any of the four categories can be used and scored
independently". The IMMS instrument has been validated and utilized successfully in
a number of previous research investigations examining the effects of technology on
student learning motivation [44].
In order to evaluate the learning motivation before and after the usage of BreadboARd
application two IMMS questionnaires were conducted for each case, based on the
prototype. The two IMMS questionnaires are placed in Appendix A & B. More details
are presented in the next sections.
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5.3 Evaluation Process
The evaluation process of this study took place at the Electronics Laboratory of
Electrical and Computer Engineering Department, at the University of Patras. The
evaluation process was a simulation of a lab task. So, the students were challenged to
create an electronic circuit on the breadboard, following the instructions of an exercise
that was given to them (see Figure 44). The difficulty level of the exercise was not too
high because of the time constraints of the experiment. The purpose of this exercise is
to become familiar with materials such as resistors, diodes and transistors. Specifically,
the student should understand and apply proper polarization to transistors and diodes.
In order to investigate the impact of augmented reality on student motivation, two
teaching scenarios were implemented. The first was the common strategy that
universities follow in labs, in which students have to create the electronic circuit by
using the components that the lab provides to them (resistors, transistors, diodes, etc.).
The second teaching scenario was the construction of the electronic circuit by using the
BreadboARd augmented reality application. The students had to create the circuit on
the physical breadboard, by using the digital components that the BreadboARd
application provided.
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Figure 44: The experiment’s exercise

The sample consisted of 23 undergraduate students of the Electrical and Computer
Engineering Department. All students participated in both learning scenarios. Starting
from the first teaching scenario, when students accomplished the task, they answered
the first IMMS questionnaire. Then, the second teaching approach was implemented by
using the BreadboARd application. The students answered the second IMMS
questionnaire. IMMS was chosen because of its effective use in prior research to
measure the impact of AR technology on student motivation [44, 45, 46].
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Figure 45: Second teaching scenario during the experiment
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5.4 Results
In this section, the results of the evaluation process are presented and discussed. Based
on the ARCS model, mean values were derived for the four components that measured
student motivation in both the preusage and postusage questionnaires [55]. The results
were analyzed to see if any of the four parameters showed a statistically significant
difference. A statistically significant difference demonstrates how much each of the
four motivational components were influenced by an AR mobile application.

Attention
Table 1 shows the mean scores for each of the items that compose the attention factor,
for the two teaching scenarios (before and after the usage of BreadboARd). The highest
mean score corresponds to items 17 and 20 which states that the way that information
is presented on the BreadboARd application helped keep students’ attention. and that
the BreadboARd application has things that stimulated students’ curiosity (mean value
4,52) respectively. The biggest difference between the means score of the two learning
scenarios corresponds to item 20 (about 1 unit).

Questions

Mean2 (after
BreadboARd)

Mean1 (before
BreadboARd)

Question 2

4,38

3,37

Question 8

4,30

3,48

Question 11

4,17

3,56

Question 12

4,30

3,67

Question 15

4,43

3,72

Question 17

4,52

3,63
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Question 20.

4,52

3,50

Question 22

4,30

3,53

Question 24

3,86

3,20

Question 28

4,17

3,46

Question 29

4,26

3,57

Question 31

4,30

3,45

Table 1: Mean scores of the attention items.

By observing the means scores from Table 1 and the graph in Figure 46, it is obvious
that they increased after the usage of the BreadboARd application. The rise in mean
values was significant, indicating that the BreadboARd application was better able to
keep the students' attention than the common lab's method. The increase in attention
revealed that perceptual arousal was obtained utilizing the BreadboARd application,
which resulted in an increase in attention. The considerable increase in attention is
positive since attention is the most crucial aspect because it initiates motivation for
students.
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Figure 46: Chart that contains the mean scores of the attention items

Confidence
Table 2 presents the mean scores for each of the items that compose the confidence
factor, for the two teaching scenarios. The highest mean score corresponds to item 13
which indicates that while the students were using the BreadboARd application, they
were confident that they could learn the content (mean value 4,20). Items 13 and 34
relate to the greatest difference in mean scores between the two learning scenarios
(about 0,91). Item 34 assumes that the student could not really understand quite a bit of
the material in the BreadboARd application respectively.

Question

Mean1 (before
BreadboARd)

Mean2 (after
BreadboARd)

Question 1

3,70

2,83

Question 3

4,13

3,78

Question 4

3,86

3,43
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Question 7

4,13

3,62

Question 13

4,56

3,65

Question 19

3,95

3,47

Question 25

4,08

3,52

Question 34

4,04

3,13

Question 35

4,17

3,63

Table 2: Mean scores of the confidence items.

According to Table 2 and the graph below, there is an improvement of the mean values
of the second teaching scenario against the first. The increase in the mean values of
confidence revealed that students were more confident in the BreadboARd application
than in the lab instructions. The increase in confidence showed that the BreadboARd
application may have created positive expectations for student performance.
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Figure 47: Chart that contains the mean scores of the confidence items

Relevance
In continuing, Table 3 shows the mean scores for each of the items that compose the
relevance factor, for the two teaching scenarios. The highest mean score corresponds
to items 16, 23 and 33 (mean value 4,50). The first assumes that the content of the
BreadboARd application is relevant to students’ interests, while the second indicates if
the content and the audio & visual material of the BreadboARd application convey the
impression that its content is worth knowing. Last but not least, the third item was
asking if the content of the BreadboARd application will be useful to the students. Item
33 relates to the greatest difference in mean score between the two learning scenarios
(about 0,65).

Question

Mean1 (before
BreadboARd)

Mean2 (after
BreadboARd)

Question 6

4,26

4,02

Question 9

3,91

3,75

Question 10

4,22

3,93
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Question 16

4,60

4,52

Question 18

4,34

4,18

Question 23

4,60

4,47

Question 26

4,39

4,12

Question 30

4,34

4,28

Question 33

4,60

3,95

Table 3: Mean scores of the relevance items.

The results that are presented in Table 3 and the chart in Figure 48 showed that in this
case there was no big difference between the two teaching methods. However, the small
increase in the mean value of relevance indicated that the BreadboARd application was
more relevant than the lab's common approach. The rise in relevance indicated that
students were more familiar with the BreadboARd application than with the lab's
standard method.
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Figure 48: Chart that contains the mean scores of the relevance items

Satisfaction
Last but not least, Table 4 shows the mean scores for each of the items that compose
the satisfaction factor, for the two teaching scenarios. The highest mean score
corresponds to items 14, 21, 32 and 36 which hit the highest score with a mean value
of 4,75. The first assumes that the users enjoyed studying from the BreadboARd
application so much that they would like to know more about this topic, while item 32
indicates the good feeling of the students after they successfully complete the exercise
using the BreadboARd application. Last but not least, item 21 assumed that the student
enjoyed using the BreadboARd application and item 36 was asking if the experience of
a well-designed mobile application like BreadboARd was a pleasure to work with. In
addition, Item 36 is concerned with the greatest difference in mean scores between the
two learning scenarios (about 0,7).

Question

Mean1 (before
BreadboARd)

Mean2 (after
BreadboARd)

Question 5

4,60

4,35

Question 14

4,78

4,40
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Question 21

4,78

4,28

Question 27

4,52

3,98

Question 32

4,78

4,23

Question 36

4,78

4,08

Table 4: Mean scores of the satisfaction items.

The increase in the mean value of satisfaction suggested that the students were more
satisfied after utilizing the BreadboARd application than after using the lab's
conventional procedure. Satisfaction might take the shape of a sense of
accomplishment, praise, or enjoyment. The increase in satisfaction indicates that
students were entertained while using the BreadboARd application.
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Figure 49: Chart that contains the mean scores of the satisfaction items

Overall

As the chart in Figure 50 shows, the mean values of the relevance and satisfaction
factors for the second teaching scenario hit the highest score with mean values 4,36,
and 4,7 respectively. In addition, the attention factor hit also a high score, and its mean
value is estimated at 4,29. The lowest rated motivational factor was confidence with a
mean value of 4,06, which is normal as for the biggest part of the sample it was the first
time they used augmented reality application. By observing the chart, it is also clear
that the overall score of the BreadboARd application method is higher than the
common’s lab approach score. The results show that the use of the BreadboARd
application increased the learning motivation of the students.
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Figure 50: Comparison of the mean values before and after BreadboARd usage

Comments
After the completion of the experiment's process participants described their experience
with the BreadboARd application. The comments were mostly positive and the
participants were really excited about this experience. Some of these comments are
presented below:





“It was a truly entertaining method to learn!”
“The learning methods seem more like a game!”
“I would love to see such a method of learning formally implemented!”
“Interesting teaching approach!”

There were also some observations that should be implemented in order to improve
user experience.



In certain circumstances, the small scale of the smartphone display made
manipulating the object challenging.
Some participants were faced difficulties in their attempt to place the 3D
components in the correct place.

Stamatios Gkoumas
77

Chapter 6: Conclusion
The main objective of this thesis was to understand and measure the impact of
Augmented Reality applications on students’ learning motivation in Vocational and
Education Training settings. AR applications in various fields and industries were
presented. Furthermore, AR technology was introduced, especially in the context of
VET, and its beneficial functionality was described using examples of applications in
various fields. The term VET was also explained and the most significant sectors of it,
as well. Despite the fact that many studies and AR applications exist in the field of
education, few studies have been undertaken in terms of AR in vocational education
institutions as a learning process. As described in the literature, there is inadequate
research on the impact of utilizing AR applications in VET environments and there is
an opportunity to investigate the potential of AR technology to enhance students’
learning motivation and contribute to improved educational outcomes.
In the literature, was also discussed motivation in the context of learning and the two
categories that are consisted of, intrinsic and extrinsic. Personas, use case scenarios and
storyboards were created, based on personal experience and the interview with the lab
assistant, in order to design the BreadboARd application, following the user-centered
approach. BreadboARd application designed and developed aiming to investigate the
purpose of this thesis, the impact of AR technology on students’ learning motivation in
VET settings. However, the BreadboARd application also satisfies the most significant
needs in the Electronic labs, based on the personas, use case scenarios, and storyboards
that are created, which are the real-time feedback that the application provides for the
correct functionality of the electronic circuit and the encouraging of remote lab
sessions. The ARCS model and the IMMS tool are used for the evaluation process. The
small participant size is the most significant limitation. The participants created the
same electronic circuit in two scenarios, with and without the usage of BreadboARd, in
an effort to observe the factors of motivation in each case. The results of this thesis
prove that by utilizing an augmented reality application, students' learning motivation
is enhanced. The motivational factors of the ARCS model were increased and the
outcomes were determined to be significant.
It would be interesting as a future goal of this thesis to investigate the impact of
BreadboARd application on students’ learning motivation through different devices in
VET settings. For instance, how the motivation factors of the ARCS model are affected
by using the BreadboARd application in smartphones (current version) and using a
BreadboARd application version in HMD devices.
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Appendix
A. IMMS before BreadboARd application
1. When I first looked at electronic lab’s instructions, I had the impression that it
would be easy for me.
2. There was something interesting at the electronic lab’s instructions that got my
attention.
3. The content of the electronic lab’s instructions was more difficult to understand
than I would like for it to be.
4. After reading the electronic lab’s instructions, I felt confident that I knew what I
was supposed to learn from the electronic lab’s instructions.
5. Completing the exercise of the electronic lab gave me a satisfying feeling of
accomplishment.
6. It is clear to me how the content of the electronic lab’s instructions is related to
things I already know.
7. The electronic lab’s instructions had so much information that it was hard to pick
out and remember the important points.
8. The electronic lab’s instructions is eye-catching.
9. There were examples that showed me how the information in electronic lab’s
instructions could be important to some people.
10. Completing the task using the electronic lab’s instructions is important to me.
11. The quality of the content in the electronic lab’s instructions helped to hold my
attention.
12. The content in the electronic lab’s instructions is so abstract that it was hard to
keep my attention on it.
13. As I worked on the electronic lab, I was confident that I could learn the content.
14. I enjoyed the electronic lab lesson so much that I would like to know more about
this topic.
15. The electronic lab’s instructions look dry and unappealing.
16. The content of electronic lab’s instructions is relevant to my interests.
17. The way that information is presented on electronic lab’s instructions keep my
attention.
18. There are explanations or examples of how people use the knowledge in the
electronic lab lesson.
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19. The electronic lab’s instructions were too difficult.
20. The electronic lab’s lesson has things that stimulated my curiosity.
21. I really enjoyed using electronic lab’s lesson.
22. The amount of repetition in the electronic lab’s instructions caused me to get
bored sometimes.
23. The content and style of writing in the electronic lab’s instructions convey the
impression that its content is worth knowing.
24. I learned some things that were surprising or unexpected.
25. After working on using electronic lab’s instructions for a while, I was confident
that I would be able to complete the lab task.
26. The content of the electronic lab’s instructions was not relevant to my needs
because I already knew most of it.
27. The wording of feedback after the exercise using the electronic lab’s instructions,
helped me feel rewarded for my effort
28. The variety of audio visual material of electronic lab’s lesson helped keep my
attention.
29. The content of the electronic lab’s instructions is boring.
30. I could relate the content of electronic lab’s instructions to things I have seen,
done, or thought about in my own life.
31. When using the electronic lab’s instructions, there is so much information on the
screen that it is irritating.
32. It felt good to successfully complete the exercise using electronic lab’s
instructions.
33. The content of the electronic lab’s instructions will be useful to me.
34. I could not really understand quite a bit of the material in the electronic lab’s
lesson.
35. The good organization of the content on the electronic lab’s lesson helped me be
confident that I would learn this material.
36. It was a pleasure to work on such a well-designed electronic lab’s lesson.
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B. IMMS after BreadboARd application
1. When I first looked at BreadboARd application, I had the impression that it would
be easy for me.
2. There was something interesting at the BreadboARd application that got my
attention.
3. The content of the BreadboARd application was more difficult to understand than I
would like for it to be.
4. After downloading the BreadboARd application, I felt confident that I knew what I
was supposed to learn from the mobile application.
5. Completing the exercise using the BreadboARd application gave me a satisfying
feeling of accomplishment.
6. It is clear to me how the content of the BreadboARd application is related to things
I already know.
7. The BreadboARd application had so much information that it was hard to pick out
and remember the important points.
8. The content of the BreadboARd application is eye-catching.
9. There were examples that showed me how the information in the BreadboARd
application could be important to some people.
10. Completing the task using the BreadboARd application is important to me.
11. The quality of the content in the BreadboARd application helped to hold my
attention.
12. The content in the BreadboARd application is so abstract that it was hard to keep
my attention on it.
13. As I used the BreadboARd application, I was confident that I could learn the
content.
14. I enjoyed studying from the BreadboARd application so much that I would like to
know more about this topic.
15. The 3D content of BreadboARd application looks dry and unappealing.
16. The content of the BreadboARd application is relevant to my interests.
17. The way that information is presented on the BreadboARd application helped
keep my attention.
18. There are explanations or examples of how people use the knowledge in the
BreadboARd application.
19. It was difficult to discover the digital information associated with the real image.
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20. The BreadboARd application has things that stimulated my curiosity.
21. I really enjoyed using the BreadboARd application.
22. The amount of repetition in the BreadboARd application caused me to get bored
sometimes.
23. The content and the audio & visual material of the BreadboARd application
convey the impression that its content is worth knowing.
24. I learned some things that were surprising or unexpected from the BreadboARd
application.
25. After working with the BreadboARd application for a while, I was confident that I
would be able to complete the lab task.
26. The content of the BreadboARd application was not relevant to my needs because
I already knew most of it.
27. The wording of feedback after the exercise in BreadboARd, helped me feel
rewarded for my effort
28. The variety of audio visual material of BreadboARd application helped keep my
attention.
29. The content of the BreadboARd application is boring.
30. I could relate the content of the BreadboARd application to things I have seen,
done, or thought about in my own life.
31. When using the BreadboARd application, there is so much information on the
screen that it is irritating.
32. It felt good to successfully complete the exercise using BreadboARd.
33. The content of the BreadboARd application will be useful to me.
34. I could not really understand quite a bit of the material in the BreadboARd
application.
35. The good organization of the content on the BreadboARd application helped me
be confident that I would learn this material.
36. It was a pleasure to work on such a well-designed mobile application.
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