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Abstract

Designing an Interactive Micro-Learning Appli-
cation

A New Way to Learn Thermography

Rebecka Nilsson

Micro-learning is a concept of small units of focused and condensed
learning activities that can be performed on various devices. Micro-
learning has turned out to be an effective approach to strengthen the
long-term memory. This master’s thesis project explores the concept of
micro-learning, how thermography can be taught using micro-learning,
and how a micro-learning application can be designed to encourage
learning of thermography.

This project was done in collaboration with FLIR Systems AB
that wants to develop their current training offer and investigate
micro-learning as an alternative. The goal of this master’s thesis project
was to design and test an interactive prototype of a micro-learning
application to learn thermography. Semi-structured interviews were
conducted in order to define the target group for the application, and the
prototype was tested and evaluated by test participants from the target
group. The user testing and evaluation showed that all test participants
would use a micro-learning application for learning thermography if it
was available on the market. Three out of four test participants would
feel more motivated to learn thermography using a micro-learning
application compared with other ways of learning.

Extern handledare: Anna Stern Anderberg, FLIR Systems AB
Amnesgranskare: Mikael Laaksoharju
Examinator: Lars-Ake Nordén






Sammanfattning

Mikroinlarning ar ett koncept bestaende av sma delar av fokuserade och komprimerade
larandeaktiviteter som kan utforas pa olika enheter. Mikroinlarning har visats sig vara
ett effektivt satt for att starka langtidsminnet. Detta examensarbete utforskar mikro-
inlarning som koncept, hur termografi kan ldras ut med hjélp av mikroinlarning samt
hur en mikroinldrningsapplikation kan designas for att framja larandet av termografi.

Detta projekt genomfordes i samarbete med FLIR Systems AB som vill utveckla de-
ras nuvarande utbildningserbjudande och undersoka mikroinldrning som ett alterna-
tiv. Malet med detta examensarbete var att designa och testa en interaktiv prototyp av
en mikroinlarningsapplikation for att ldra sig termografi. Semistrukturerade intervju-
er gjordes for att definiera malgruppen for applikationen och prototypen testades och
utvérderades av testpersoner fran malgruppen. Anvandartestet och utvarderingen visade
att alla testdeltagare skulle anvénda en mikroinlarningsapplikation for att lara sig ter-
mografi om det fanns tillgangligt pa marknaden. Tre av fyra testdeltagare skulle kdnna
sig mer motiverade att lara sig termografi med hjélp av en mikroinlérningsapplikation
jamfort med andra sétt att lara sig.



Acknowledgements

| have received great support during this master’s thesis project, and | would like to
acknowledge the people who gave me the great support.

I would first like to thank my reviewer, Mikael Laaksoharju, for connecting me with
FLIR Systems and providing valuable input to my work. Your feedback brought my
thesis to a higher level.

I would like to thank everyone at FLIR Systems for their great collaboration. | would
particularly like to thank my supervisor, Anna Stern Anderberg, for your great support
during these months. Your feedback of my work, and engagement in the project has
been great. |1 would also like to thank Mikael Erlandsson, Torsten Sandbdck and Joseph
Rocchio, for their help and support along the way. It has been a wonderful time at FLIR
Systems.

In addition, | would like to thank Fredrik Norell at Termografikompetens for providing
material for the content of the prototype.



Contents

reviation

1

Intr 1on

(1.1 Research Scope . . . .. ... .. ..

[1.1.1  Research Questions|. . . . . .

|2

Background|

[2.2.1 1TC - Infrared Training Center|

[3.1 Micro-Learning| . . . ... ... ...

[3.1.1  Memory Curve| . . . .. ...

8.2 Gamification| . .. ... ... ....
321 Flow .............

Vi

Rel Wor

(4.1 Similar Applications| . . ... .. ..

[4.2  Customized Micro-Learning Platforms|

Vi

10
12
12
13
13
14



3 Other FLIR APPICATIONS] . .« « « « o v e e e e e

[4.4  Studies on Micro-Learning| . . . . . ... ..o

[0 Research Study and Interviews|

[0.1 Methodology| . . . . .. ... . .. .

[0.1.1 Research Study| . . . . . . .. .. .. .. ...

d.2.1 mi-str red Interviews| . .. .. .. .. ... ..

[0.1.2.2 Interview Participants| . . . . ... .. .. ......

[0 Prototyping|

[0.1 Methodology| . . . . .. .. .. ..

[0.1.1  Concept Developmentt . . . . ... ... ... ... ......

[0.1.2  Paper Mockups| . . . . . .. ... ...

[0.1.5 Interactive Prototype| . . . . . . . . .. ... . ... ... ...

vii



[/ User Testing and Evaluatiomn 34

(/.1 Methodology . .. . ... .. . ... . . ... 34
[/.1.1 TestParticipants . ... ... ... .. ... . ... .. ..., 35
(/.1.2 Etnical Considerations . . . . ... ... ............ 36
M2 ReSUllS. . . . . o 36
.................................. 40
8__Discussion 41
nclusi 43
10 Future Work 44

viii



List of Figures

© 00 N o 0o b~ W

10
11
12

13
14

15
16
17
18

The electromagnetic spectrum. . . . . . . .. .. ... ... ...... 6

A plastic cup with hot water. The image to the left is a regular image
and the image to the right is a thermal image. The images are taken with
aFLIROneProcamera. . ... ... .. ... ... ... . ...... 7

The forgetting curve showing the memory retention decreasing over time. 10

Overcoming the forgetting curve by frequently rehearsing the material. . 11
Persona 1: Matt the Predictive Maintenance Manager. . . . . . .. ... 23
Persona 2: David the Maintenance Electrician. . . . . . . ... .. ... 23
Persona 3: Oliviathe Homeowner. . . . . . . .. ... ... ...... 24
Content overview of the coursetroduction to Thermography. . . . . 26
Paper mockups. . . . . . . . .. 28
Main screens showing different module progresses. . . . . . .. .. .. 29
Lectures of the modul@uantitative analysis . . . . . . ... .. ... 30

A question in the lectur&ind and classify deviations the module
Regularfaults. . . . . . . . . . .. . ... 31
Screens of the pro le page and the statisticspage. . . . . . .. .. ... 32

The correlation between the number of test users and the usability prob-
lemsfoundinusertests.. . . . . . . ... ... L 35

The rst update of the design showing the progress page between lectures. 37

The second update of the design using nudging. . . . . . .. ... ... 38
Control questionsoverview. . . . . . . . . . . . . . . e 39
SUI'VEY OVEIVIEW. . . . . v o o e e e e e e e e e e e 40

All gures are created by the author unless anything else is stated in the text.






Abbreviations

IR
ITC
IRT
EMR
HCI
L&D
LMS
MMLS
ICT
UX
ul

Infrared

Infrared Training Center

Infrared Thermography
Electromagnetic Radiation
Human-Computer Interaction

Learning and Development

Learning Management System
Micro-Lecture Mobile Learning System
Information and Communication Technology
User Experience

User Interface






1 Introduction

1 Introduction

Micro-learning, or bite-sized learning, has been a buzzword for many years, and the
concept is continuously expanding owing to the access of personal devices. Micro-
learning is a concept of small units of focused and condensed learning activities that can
be performed on various devices. The activities should only be a few minutes long [43]
and can be referred to as anything from reading an email to watching a short video [26].
The learning activities does not have to be based on technology; one example of a non-
technology based micro-learning is ash cards.

Our memory works in a way that the retention of knowledge is decreasing over time
if we are not rehearsing the material. It has been showed that micro-learning can help
learners strengthen their long-term memory, so they retain knowledge for a longer pe-
riod of time [43]. Today's technology allows learners to learn on-demand and at any
location with the help of personal devices .

This project was done in collaboration with FLIR Systems AB that designs, devel-
ops, manufactures, and distributes solutions for thermal imaging. Thermal imaging,
or thermography, is an imaging method of using a thermal camera to look for temper-
ature differences by the infrared radiation (IR) the object is emitting. FLIR Systems is
offering several thermography courses around the world and the courses have tradition-
ally been carried out in classrooms. Due to the COVID-19 pandemic, most courses have
been transformed to online courses which entails great exibility.

The goal of this project was to explore and broaden the understanding of the concept
of micro-learning, and design and test a prototype of an interactive micro-learning ap-
plication for learning thermography. The work of this project was divided into three
main parts. First, a research study and interview phase was conducted in order to under-
stand micro-learning and de ne the target group for the application. The target group
was de ned based on eleven interviews with interview participants with various roles
and backgrounds. The research study and interview phase is presented in section 5.
Secondly, the prototype of the micro-learning application was created by rst creating
paper mockups that later were used to create the design of the interactive prototype. The
prototyping phase is presented is section 6 The third and nal part of this project was
the user testing and evaluation where the created prototype was tested and evaluated by
four test participants. The user testing and evaluation phase is presented is section 7.
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1.1 Research Scope

In this section, the scope, goal, and delimitation of this project is presented. The research
guestions addressed are also clari ed.

1.1.1 Research Questions

Since there is no absolute de nition of micro-learning, the approach of micro-learning
has been applied in many different ways depending on purpose of usage. Due to this,
the goal of the project was to explore micro-learning and apply the knowledge to create
a prototype for learning thermography. In order do this, the following research question
have been addressed:

* How can thermography be taught using micro-learning?

» How can a micro-learning application be designed to encourage learning of thermo-
graphy?

1.1.2 Delimitation

The number of interviews as well as the number of different types of interviewees have
been limited in order to have time to complete a full design cycle. The conducted inter-
views with Infrared Training Center (ITC) teachers have been limited to ITC teachers
only in the United States and in Sweden.

Since this project had focus on micro-learning, other alternative methods of learning
have not been further investigated. The project was aimed to investigate if micro-
learning could be used as a method of learning thermography, and it is relevant to state
that other methods of learning could serve the same purpose.

ITC have certain regulations on how to perform the training in different countries, but
this perspective has been excluded in this thesis. The focus of this project was not on
the actual content and courses, but on the structure of the micro-learning experience and
user ow.

This project resulted in an interactive prototype of how an application for digital training
could be designed. The prototype acted as a proof of concept and could be used as an
initial design proposal. No actual implementation of the application has been done.
Even though this application is aimed to work on several platforms, the prototype was
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created to tonly one type of platform, a smartphone, in order to narrow the prototyping
work. The prototyping work has also been limited to a sub-part of the application in
order to be able to show a user ow and the concept of the application. The testing of
the prototype did not include any comparison with other learning methodologies.
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2 Background

In this section, relevant background information about infrared radiation and thermo-
graphy is presented, as well as FLIR Systems, the collaborator of this project.

2.1 Infrared Radiation

Infrared radiation (IR) is one type of electromagnetic radiation (EMR) that have longer
wavelengths than the radiation of visible light. The human vision is limited to a small
portion of the electromagnetic spectrum, and due to the longer wavelength of IR, the
IR is invisible to the human eye, just like we cannot see radio waves. Everything with

a temperature above absolute zero (minus 273.15 degrees Celsius or minus 459.67 de-
grees Fahrenheit) emits heat and can therefore be seen with thermal imaging [15]. Fig-
ure 1 shows the electromagnetic spectrum from gamma rays to radio waves [36].

Figure 1 The electromagnetic spectrum.

2.1.1 Thermography

Thermography is often referred to as infrared thermography (IRT) or thermal imaging.
It is an imaging method of using a thermal camera to look for temperature differences
by the IR the object is emitting. The thermal camera converts the IR to a visible image
so that the temperature of an object can be seen [6]. Just like a radio can convert ra-
dio waves into sound waves, a thermal camera can convert IR waves into visible light.
Visible light does not affect the thermal image, so it does not matter if the object is
measured in a totally dark or completely light environment [15]. IRT is primarily used
by the military, industry and within the medical area [6]. In industry, it can be used for
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anything from leak detection in buildings to looking for hot cables in electrical cabinets
in order to avoid malfunctions, such as res.

Figure 2 shows a regular and a thermal image of the same object. The object is a plastic
cup lled with hot water. The brighter colors like orange, yellow, and red indicate higher
temperatures, which means that there is more IR being emitted. The darker colors like
blue, purple, and black indicate lower temperatures, which means that there is less IR
being emitted [16]. It can be seen in the gure that the water in the cup has the highest
temperature and the surroundings are colder.

Figure 2 A plastic cup with hot water. The image to the left is a regular image and
the image to the right is a thermal image. The images are taken with a FLIR One Pro
camera.

Just like a regular image, a thermal image is made up by a number of pixels and the
image consists of a large data set of temperature information. In a thermal image, each
pixel is representing a speci ¢ temperature data point which is assigned a color from
a thermal color palette based on their temperature. There are several different color
palettes to choose between. Switching thermal color palettes can highlight key areas of
a thermal image and the choice of color palette depends mostly on user-preference, but
also the environment and situation of the thermography [18].
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2.2 FLIR Systems

The collaborator of this project was FLIR Systems AB. FLIR Systems [14] was founded

in 1978 and is now a world leading company that designs, develops, manufactures,
markets, and distributes solutions like thermal imaging, visible-light imaging, video
analytics, measurement and diagnostic, and advanced threat detection systems. FLIR
Systems is active within government and defense, industrial and commercial markets.

2.2.1 ITC - Infrared Training Center

Infrared Training Center (ITC) [27] is a part of FLIR Systems and is the world's largest
infrared training organization. ITC offers several courses in all aspects of thermography
and are aimed to educate FLIR's customers and other actors that are working with IR
cameras in both theoretical knowledge and in practical training in thermography. The
range of courses is large and includes everything from beginner courses to certi cation
courses of different levels. ITC offers courses in Africa, North America, South America,
Middle East, and Europe.

Since ITC offers courses in large parts of the world, the arrangement and content of
the courses differs depending on which country is giving the course. The situation
with the COVID-19 pandemic has impacted how the ITC courses are run and how the
organization works. Before the pandemic, all the regular courses were held on-site as
classroom training, i.e., none of the courses were offered as online courses. Now, ITC
offers all courses as online courses, at least in the United States and in Sweden. They
still offer on-site courses but now the students can choose which course to attend. Some
companies have travel restrictions which only give them the option to attend an online
course. ITC also offers on-demand webinars and tutorials about different topics at their
website, but these do not have as much content as the regular courses.
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3 Theory

In this section, relevant theory about micro-learning, memory, gami cation, and other
learning methodologies is presented.

3.1 Micro-Learning

Micro-learning does not have any absolute de nition but is often referred to as small
units of focused and condensed learning activities. The activities should only be a few
minutes long and can be performed on various devices [43]. Micro-learning, sometimes
known asbite-sized learningcan be anything from watching a short video to sending
and reading an email [26]. Micro-learning can be used for learning larger and complex
material broken down to smaller modules, or smaller and informal training. The app-
roach of micro-learning is that the learner should be in focus and participate actively in
the learning [43].

By breaking information down into smaller modules, learners are enabled to focus on
one speci ¢ set of information at a time. The micro-learning approach reduces the

mental fatigue [43] that is a condition people may experience during, or after, pro-

longed cognitive activity [3]. The smaller learning modules allow the learner to process

the learned material between the lessons, which results in the ability to circumvent the
mental fatigue.

Micro-learning has many bene ts and one of the greatest bene ts is that it has turned
out to be an effective approach for overcoming the forgetting curve, i.e., strengthen the
long-term memory (further explained in section 3.1.1). Additionally, personal devices

allow just-in-time learning and learners to utilize their spare time [5].

In recent years, micro-learning has expanded and started to play a bigger role in peo-
ple's everyday life, both in their personal life and working life. Since micro-learning
includes different ways of learning [43], many areas of knowledge can be taught using
the approach of micro-learning. Today, micro-learning is used by for example compa-
nies for employee on-boarding, private persons for learning languages, and schools as a
complement in their education.

Even though micro-learning can be applicable in many areas, it is important to state that
it may not be suitable for every area of learning [5] and should not be considered as a
replacement for other forms of learning. Nevertheless, it can be seen as a complement.
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3.1.1 Memory Curve

Hermann Ebbinghaus [4] was a German psychologist and conducted research on mem-
ory. Ebbinghaus was a pioneer within the development of experimental methods of
psychology. Between 1880 and 1885, Ebbinghaus studied his memory by running ex-
periments on himself in order to gure out how fast he forgot things [51]. In his ex-
periment, he studied a number of nonsense syllables and tested himself frequently after
various time periods. He recorded the results and found that his memory gradually de-
teriorated over time. This nding resulted in the forgetting curve. Figure 3 shows the
forgetting curve that implies that the memory retention is decreasing over time. The
forgetting curve is applicable when there is no attempt of trying to retain the memory.

Figure 3 The forgetting curve showing the memory retention decreasing over time.

There are ways to retain the memory which means that the forgetting curve is not ab-
solute. Ebbinghaus and other psychologists have found a number of factors that can
contribute to higher memory retention. One of the most useful factors is to frequently
rehearse the material [51]. Ebbinghaus discovered that every time the material is re-
hearsed, the decrease of memory retention reduces [11]. Figure 4 shows how to over-
come the forgetting curve by frequently rehearsing the material which result in a more
stable memory retention.

10
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Figure 4 Overcoming the forgetting curve by frequently rehearsing the material.

It is important to state that Ebbinghaus' experiment has been criticized due to the fact
that the experiment was performed with one person only. Nevertheless, there have been
several studies with a larger number of test participants that have been able to replicate
Ebbinghaus' study [51].

In the articleSpaced Repetition Promotes Ef cient and Effective Learning: Policy Impli-
cations for Instructior§31], Kang writes about thepacing effecbr distributed practice

that was discovered by Ebbinghaus. The spacing effect refers to having the initial study
and subsequent rehearsal spaced out over time. The author explains that massed prac-
tice might appear more effective regarding the short-term memory while spaced practice
retain the long-term memory.

Kang presents a study [32] where 175 college students attended a 45-minute lecture
on meteorology and performed a written test right after the lecture in order to gauge
whether the students learned the content. The day after the lecture, the students received
an email asking them to complete an online review directly or to check their email again
seven days later to complete the online review at that time. All students performed a
nal test 35 days after the online review session. The results were that the students
completing the online review session after eight days performed better than the students

11
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completing the online review session after one day, which shows that the spaced practice
is more effective for the long-term memory.

3.2 Gami cation

Human-Computer Interaction (HCI) is a multidisciplinary eld of study that is focused

on the design of technology and the interface between humans and computers [29].
Gami cation is a concept within HCI and refers to the use of game design elements
in non-game contexts. Even though the concept of gami cation has ourished in the
past few years, gami cation has been discussed for several decades. During 1980s
and 1990s, researchers noted that video games provided motivation and enjoyment to
players and should therefore be further studied in order to nd qualities that can be used
to design non-game systems [8].

The intention of gami cation is to increase the motivation and enjoyment of the user and
create a good over-all experience. As the technology develops and the offer of different
applications and services continuously grows, the value of a good experience becomes
more important. Users choose products that will give enjoyment and a fun experience,
and gami cation plays a signi cant role in the user experience (UX) [8].

How to implement gami cation in a system depends on the type of system and the
purpose of the system. When it comes to learning and education, the motivation is of
great importance and there are several ways to achieve that. For example, point scoring,
badges, and using levels and checkpoints are ways to achieve motivation and engage the
learner [49]. The challenge is to create sustained engagement over time, so gami cation
can be an important part in a UX design. Gami cation is not a guarantee for increased
motivation, and the approach has been questioned [8].

The research on gami cation and methods for gameful design is limited [8], and there
IS no guarantee that using gami cation will result in a successful product. Gami cation
should not be seen as a “silver bullet”, and it requires an understanding of the context to
use gami cation in a correct way.

3.2.1 Flow

Flow is a term within psychology that refers to a mental state in which a person per-
forming some activity is completely focused on the activity, and the attention is fully

invested in achieving a certain goal [7]. The term was recognized and named by Mihaly
Csikszentmihalyi who is a Hungarian-American psychologist that focus on the study of

12



3 Theory

happiness and creativity.

Achieving ow is good when it comes to learning, owing to the fact that people who
achieve ow more regularly pay close attention to details, have easier to set goals, and
keep setting bigger challenges for themselves [7]. After a ow experience, people tend
to feel more capable and skilled since thoughts, feelings and senses are focused on the
same goal during the ow.

Flow can be achieved during studies [7] and should be considered when designing a
learning platform. However, people have different prerequisites for achieving ow and
in some cases, ow is not achievable. Flow should therefore be taken in mind but with
caution.

3.3 Other Learning Methodologies

The 70-20-10 Model is a model for Learning and Development (L&D) that is used
within the training profession and by different organizations. It was rst created in
the 1980s by three researchers, Morgan McCall, Michael M. Lombardo and Robert A.
Eichinger. The model describes how to maximize the impact of learning to create high-
performing workforce and should be seen as a general guideline for organizations [48].
The 70-20-10 Model implies that 70% of an employee's knowledge is obtained from
on-the-job experiences, 20% of an employee's knowledge is obtained from social in-
teractions with others, and 10% of an employee's knowledge is obtained from formal
learning [34]. Even though the formal learning is 10% of the total L&D model, it is
important to include it in order to maximize the effectiveness of the learning.

To obtain valuable knowledge from formal learning, there are several learning method-
ologies that can be used as a resource. Today, ITC offers courses that are held in class-
rooms, and on-demand webinars on different topics within thermography. These two
learning methodologies are presented further in section 3.3.1 and section 3.3.2.

3.3.1 Classroom Training

Classroom training [33] refers to training that is conducted in a classroom in person by
an instructor or teacher, and it may include one or several students. The teacher and the
students are present in the same location, and the training is performed in an organized
way utilizing a speci ¢ lesson plan.

Like any other learning methodology, the traditional learning methodology as classroom
training has both advantages and disadvantages. The biggest advantage with classroom

13
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training is the social aspect. A classroom environment enables more interaction between
the students as well as between the students and the teacher [24]. The social interaction
is of great benet since the students can combine the formal learning with learning
from the other students, and in that way maximize the 70-20-10 L&D Model. Another
advantage is that the classroom training is a traditional learning methodology that many
know [24]. The classroom training allows structured learning that many students are
comfortable with.

One big disadvantage with classroom training is that it has no exibility [24] since the
training is on-site, which often results in employees having to take time off work [25].
If the classroom training is performed in another city or in another country, travel is
required [24] which leads to a nancial cost for the company. Furthermore, long way
travels should be carefully considered due to its environmental impact.

3.3.2 Webinars

Webinar is a combination of the woregbandseminar and is an online training for-

mat that allows people to receive information via the Internet in an interactive way [38].
When talking about webinars, it is often referred to as live webinars where the infor-
mation is shared in a live stream presentation [20]. It allows the webinar participants
to be involved in the discussion and the presenter can engage with the audience. Live
webinars often enable communication features such as chat windows.

In addition to live webinars, there also exists on-demand webinars that is a pre-recorded
webinar [20] that can be viewed at any time. One big advantage with on-demand web-
inars is the exibility. Time zone differences or scheduling con icts does not have to

be considered since the learner decides when to watch the webinar. One disadvantage
is the loss of interaction between the audience and the presenter, and the learner has no
opportunity to bring up potential questions.

14
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4 Related Work

In this section, related work to this project is presented. The work presented is mainly
related to the research questions of this project and has been used for inspiration.

4.1 Similar Applications

Micro-learning applications are nothing new, and there are a lot of them on the mar-
ket. Micro-learning applications for learning languages are common and one of them is
Duolingo [9]. There are over 1.2 billion people learning a language with Duolingo and
the application is available for both smartphones and on the web. It has been showed
that Duolingo's methodology [10] of bite-size lessons bene ts the long-term learning.
The application has focus on gami cation elements with plenty of interaction to get
people stay motivated. The format of the interactive parts of the lessons varies between
for instance writing, speaking, ash cards, and lling in blanks.

Another common type of micro-learning application is applications for learning the the-
ory to the driver's license exam. One example is the Swedish applicatiorofkak” [45]

that includes for instance quizzes, tests, videos, and allows challenges between users.
Just like Duolingo, this application also uses gami cation elements.

Even though these applications have other focus areas of learning, they are related to
this project since they use the approach of micro-learning. Also, the core of previously
mentioned applications is the user interaction which is of great importance in this project
as well.

4.2 Customized Micro-Learning Platforms

There are a lot of different micro-learning platforms that enables customized training.
One example is the online learning management system (LMS) platform OttoLearn [42]
that provides customized online training within for instance employee on-boarding, and
compliance and safety. The target user for these types of tools are companies that want
to train and educate their employees on different topics.

Another example is the LMS platform Gnowbe [21] that offers hundreds of pre-designed
micro-learning courses [22] and allows users to create their own courses as well. The
different topics of the courses ranging from personal enrichment to professional busi-
ness development in areas such as on-boarding, sales, product knowledge, and com-

15
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pliance. The format of the content is video and audio resources, mixed with relevant
articles, as well as interactive features such as quizzes.

These customized micro-learning platforms are related to this project since they all have
focus on micro-learning. Even though the platforms allow customization, they have
some limitations in the design and functionalities.

4.3 Other FLIR Applications

FLIR Systems has developed several applications, but no one is related to micro-learning
or learning of thermography in general. In 2020, FLIR released the appliddbare
Inspect[17] which is intended to be used together with the FLIR ONE thermal camera
in order to nd hidden problems in your home, such as air leaks or insulation issues.
FLIR Home Inspect application does not have any typical micro-learning elements but
has step-by-step guidelines of how to prepare before and inspection, tips on how to in-
terpret a thermal image, and allows one to see how typical faults look like in thermal.
This application has contributed with inspiration to this project regarding how to show
information and images in a clear and understandable way.

4.4 Studies on Micro-Learning

Several studies on micro-learning have been conducted previously. The three conducted
studies presented in this section evaluate the effectiveness of micro-learning in relation
to traditional learning methodology, like learning in classroom.

In the articleDesign of a Microlecture Mobile Learning System Based on Smartphone
and Web Platform$52], the authors Wen and Zhang present a study where a micro-
lecture mobile learning system (MMLS) was evaluated at Guangzhou Medical Univer-
sity, Guangzhou, China. The MMLS included digital resources for twelve different
courses and was created either by the teachers at the university or by internationally
renowned professors. Three of the twelve courses were selected to be further studied
and evaluated. Four intakes, each of 60 students, were chosen, where two intakes were
designated as the experimental group and the other two intakes were designated as the
control group. The experimental group performed learning by the MMLS, and the con-
trol group performed learning in classroom. At the end of the semester, both groups
were asked to rate the courses and the results of the experimental group showed that the
course dif culty decreased, and the interest and intelligibility increased. The students'
nal exams were analyzed using a Z-test, and the results showed that the experimental
group achieved a higher average mark than the control group.
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Mohammed el al. [37] present a study in the artiChee Effectiveness of Microlearning

to Improve Students' Learning Abilitwhere micro-learning teaching methods were
tested and evaluated for students in primary school in Iraq. The study consisted of
ve classes within the ICT subject area, and two groups of seventh graders, 22 students
in each group. One group was taught using micro-learning methods, and the other group
was taught using traditional learning methods. After ve weeks, the students did exams
in all ve classes. The results showed that the average passing rate for the traditional
learning group was 64% and for the micro-learning group it was 84%. When looking
further into the results and grades, the traditional learning group had an average falil
rate of 28% while the micro-learning group did not have any failed student. Also, the
micro-learning group was largest represented for the excellent grades.

In the articleMobile-Based Micro-Learning and Assessment: Impact on learning per-
formance and motivation of high school studeldts], the authors Nikou and Econo-
mides presents a study on the effectiveness of a mobile-based micro-learning approach.
The study was carried out for ve weeks and included 108 high school students where
54 students were assigned to the experimental group, and 54 students were assigned
to the control group. The experimental group would use a mobile-based micro-learning
approach to do their homework whilst the control group would use a conventional paper-
based homework approach. The results showed that the students in the experimental
group had better learning achievements in terms of factual knowledge, self-reported
higher levels of perceived autonomy, competence, and relatedness. Additionally, the
experimental group showed a higher level of learning satisfaction than the students in
the control group.

The presented studies show that a micro-learning approach can increase the effective-
ness of learning. All three studies are related to this project on account of the focus
on micro-learning. Two of the studies also included mobile-based learning which is of
great relevance to this project as well.
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5 Research Study and Interviews

In this section, methodology, results, and analysis related to the research study and
interviews is presented.

5.1 Methodology

The methodology for the rst part of this project included a research study and inter-
views that is presented in following sections.

5.1.1 Research Study

The research study included both desktop research, application research, and partici-
pation in an ITC course [46] on electrical thermography in Stockholm. The desktop
research aimed to get a better understanding of micro-learning and learning in general
by reading literature. The application research included exploration of micro-learning
applications and how these applications use the approach of micro-learning. The ITC
course was a two-day basic course in electrical thermography where the basics of a
thermal camera, IR technology, and identifying potential sources of errors were taught.

5.1.2 The Interview Process

The interview process included eleven interviews with ve different types of inter-
view participants, described in section 5.1.2.2. Due to the COVID-19 pandemic, ten
of the interviews were held through video calls using either Microsoft Teams [35] or
Zoom [53] which are two different communication platforms that provides video chat-
ting services. One of the interviews was held over the phone. Four of the eleven inter-
views were conducted in English, and seven of them were conducted in Swedish. The
approach of semi-structured interviews was chosen due to the distinct purpose of the
interviews. Each conducted interview was 30-90 minutes long. Most of the interviews
were transcribed after the interviews, with help of audio recordings. Notes were taken
during the interviews that were not recorded and the notes were later compiled. The
interviews that were not recorded were interviews that are not presented as insights or
results in this project, i.e., the interviews were only aimed to provide a better under-
standing of how FLIR Systems and ITC work.

Due to the fact that some of the interviews were held in Swedish, some loss of the
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meaning and interpretation could have occurred when translating the results from the
interviews from Swedish to English.

5.1.2.1 Semi-structured Interviews

Interviews can be conducted in many different ways and be more or less structured.
Semi-structured interview is one method of conducting interviews and falls between the
methods of completely structured interviews, e.g., closed-ended surveys and completely
unstructured interviews, e.g., open-ended sessions. The method of semi-structured
interview includes elements from both and is a mix of closed-ended and open-ended
guestions. The questions in semi-structured interviews are often accompanied by follow-
up questions [1], often regarding interesting and unexpected avenues that emerge [2].

An important part of conducting interviews is the understanding of the participant's
response which is achieved by participation engagement. An engagement in the inter-
view ensures a higher accuracy in interpretation [19]. Semi-structured interviews allow
information to be gathered with more clarity regarding the participant's reasoning.

Semi-structured interviews imply that questions or themes should be planned prior to the
interviews [2]. Regarding the interview questions for this project, they were shaped and
formulated based on the type of interview participant. Each type of interview patrtici-
pant, which is further explained in section 5.1.2.2, had a set of pre-de ned questions.

The approach of semi-structured interviews was chosen since it is best suited for under-
standing people's perceptions and experiences [2], which was of great importance in
this phase. The follow-up questions gave new and important insights which would not

have been brought up if a closed-ended survey would be used.

5.1.2.2 Interview Participants

The research for this project required information from many different sources. There-
fore, the interview participants were divided into ve groups, all groups representing
one type of information source. The groups were: FLIR and ITC employees, ITC teach-
ers, ITC course participants, external thermographers, and experienced micro-learning
platform users.

Three interviews with FLIR and ITC employees were conducted, and they provided
information about how FLIR and ITC work, and how the ITC courses are created and
structured today. Two interviews with ITC teachers were conducted, one with a teacher
from the United States and one with a teacher from Sweden. The interviews provided

19



5 Research Study and Interviews

information about how the ITC courses are taught in both the United States and in
Sweden. Two interviews with ITC course participants were conducted and they pro-
vided information about their experience of an ITC course in Sweden. One interview
with an external thermographer was conducted and the interview provided information
about challenges working with thermography in the eld. Finally, three interviews with
Duolingo users were conducted in order to get information about their experience of a
gami ed micro-learning application.

Convenience sampling was used to sample the interview participants. Convenience sam-
pling is a non-probability sampling technique used to select participants to a study [12].
The idea of convenience sampling is to sample research subjects that are easily accessi-
ble or meet certain practical criteria such as availability at a given time, or the willing-
ness to participate in the study. It is important to state that this sampling technique does
not represent the whole population.

5.1.2.3 Ethical Considerations

When conducting research, ethical aspects must be considered. In this project, other
people have been included in the research in terms of interviews which required certain
ethical precautions. To ensure that the interviews covered the ethical considerations,
the recommendations of The Swedish Research Council presented in th&bodk
Research Practic@4], have been used as a guidance. The recommendations that have
been considered includes information about the project, information about how the coll-
ected information from the interviews would be used, and consent to participate in the
interview.

It is important that all participants in a research study should be aware and informed
about the purpose of the research. Before each conducted interview, the information
about the project, and purpose of the interview was described by an email. The interview
participants were also informed that the project was part of a master's thesis project at
Uppsala University done in collaboration with FLIR Systems.

Together with the information about the project and purpose of the interviews, the in-
terview participants were also informed about how the collected information from the
interviews would be used. They were informed that the information would be used as
inspiration when creating the prototype as well as in the nal report, but as anonymous
answers.

The consent aspect entails that all participants have agreed to be interviewed. The inter-
view participants were contacted by email, and if they agreed to be interviewed, the
consent was ensured once again before the interview started. Additionally, since some
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of the interviews were recorded by video and/or audio, the interview participants were
asked if they would agree to be recorded in order to strengthen this ethical aspect. All
recordings of the interview participants were deleted after the end of the project. Only
anonymous transcripts will be saved for future work.

5.1.3 Personas

A persona is a description of a hypothetical common user, based on research [47]. A
persona often includes a name, picture, and a brief background story in order to human-
ize the persona. It is important to create personas when working with design processes
in order to knowwho the design is for. It allows designers to focus on speci c user
characteristics instead of trying to design for all [23]. Based on the research study and
interviews, three personas were created.

5.2 Results

The conducted interviews resulted in a number of relevant insights which in turn were
converted into three personas. The personas are presented in section 5.2.2.

5.2.1 Insights

The insights from the interviews with FLIR and ITC employees resulted in a better
understanding of how the company works and how the courses at ITC are structured,
but these insights were not used in the creation of personas. These insights were rather
used as a foundation when conducting the other interviews.

The interviews with ITC teachers, ITC course participants, and the external thermo-
grapher provided valuable insights that were used as a basis when creating the personas.
One insight from one of the ITC teachers was that course participants sometimes reach
out to the teacher after the course in order to ask questions on how to perform a speci c
task at work. Another insight was that the course participants often have a varying
background regarding education and work experience. Therefore, course participants
experience the thermography courses more or less easy, and it differs on what parts they
have more dif culties with.

The insights from the interviews with ITC course participants were that the practical
parts are of most use, and that some course participants thought that theoretical parts
were dif cult to understand. Furthermore, one insight from both the interviews with

21



5 Research Study and Interviews

ITC course participants and the interview with the external thermographer was that their
companies do not have any speci c training plan for keeping or improving the employ-
ees' competence in thermography. This means that they do not apply the 10% of formal
training in the 70-20-10 L&D Model.

The interviews with experienced micro-learning platform users resulted in insights on
why a micro-learning platform is to prefer over a physical course, and how to use gami-
cation when creating the prototype. The insights were not used in the creation of
personas. The easy access of the micro-learning platform was a common reason for
choosing the micro-learning platform over a physical course. Additionally, the platform
allows frequent repetition while a physical course usually takes place only once a week.
It was also stated that the micro-learning platform was a great alternative if not wanting
to spend money on a physical course. Gami cation is an important element in micro-
learning applications and the insights gathered from the interviews were of great value
when creating the prototype.

5.2.2 Personas

In order to clarify the target user for the micro-learning application, three personas were
created. Two of the personas, Matt and David, were created based on the insights from
the interviews, and the third persona, Olivia, was created based on a desired target group
that would bene t from the micro-learning application. The three personas present three
different types of users with different knowledge, background, and goals. Figure 5
shows the rst persona, Matt, that works as a predictive maintenance manager. Figure 6
shows the second persona, David, that works as a maintenance electrician. Finally,
Figure 7 show the third persona, Olivia, that is a homeowner.
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Figure 5 Persona 1: Matt the Predictive Maintenance Manager.

Figure 6 Persona 2: David the Maintenance Electrician.
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Figure 7 Persona 3: Olivia the Homeowner.

5.3 Analysis

One interesting and important nding from participating in the ITC course during the
research study was that the course participants had very different backgrounds regard-
ing education and work experience. Some participants had never worked with thermo-
graphy and had little knowledge about the area, while others had worked with thermo-
graphy for several years.

The insight on the lack of speci c training plans for keeping or improving the employ-
ees' competence in thermography at companies was valuable. The lack of training plans
could imply an opening for a micro-learning application. A micro-learning application

is aimed to be easily accessed which could be integrated in companies training plans in
order to continuously educate thermographers.
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6 Prototyping

In this section, methodology, results, and analysis related to the prototyping work is
presented.

6.1 Methodology

The prototyping work was divided into three parts. First, development of two concepts
was carried out in order to choose which micro-leaning approach to prototype. After
the concept development, paper mockups were created in order to get a visualization of
the design and user interface (Ul). Finally, the interactive prototype was created.

6.1.1 Concept Development

The concept development included a creation of high-level content structure and micro-
learning approaches. When creating the content structure, inspiration was taken from
the ITC course attended during the research study. The content of the prototype regard-
ing thermography was produced with support from an ITC teacher. Figure 8 shows the
overview content of the courdgetroduction to Thermographyvhere the pink boxes are

the course modules, the green boxes are the lectures, and the yellow boxes are the topics
included in the lectures.

In order to know what to prototype, two different concepts were developed. The con-
cepts were two different approaches of how to design the micro-learning experience.
The rst approach focused on rst reading or watching material and then completing
guestions based on the material. The second approach focused on completing questions
without having to read or watch material with “trial and error” as the foundation. Both
approaches included gami cation and interactive elements. The second approach was
chosen to prototype after an evaluation of both approaches. The evaluation was done to-
gether with FLIR Systems where questions about how a user would stay motivated and
learn in the best way were discussed. The rst approach that focused on rst reading or
watching material and then completing questions based on the material could make the
user lose engagement. Therefore, the second approach was a better alternative for this
purpose of use.
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Figure 8 Content overview of the courdetroduction to Thermography

6.1.2 Paper Mockups

Paper mockup or paper prototype is a paper representation of a digital product that ease
the visualization and testing of concepts and designs. Design teams often sketch or use
printed materials to create a cheap low- delity prototype to help them shape concepts.
The creation of paper mockups is done in order to help a design team determine how the
design of the product should appear [28]. Paper mockups are created in the beginning
of the design process and are a helpful tool to visualize the design without having to
spend too much time on the details [30].
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6.1.3 Interactive Prototype

To build the prototype, the prototyping toBigma[13] was used. Figma is a platform

for creating and designing prototypes that allow real-time collaboration. The features of
Figma focus on the Ul and UX. When creating the prototype, the design was made from
a user perspective and with gami cation in mind. As previously stated, gami cation can
be an important tool for increasing motivation and creating an enjoyable experience.

6.2 Results

The prototyping work resulted in a number of paper mockups which was used to create
the nal design of the interactive prototype. The nal prototype is presented in sec-
tion 6.2.2. The personas and insights from the interviews were kept in mind when cre-
ating the paper mockups and the interactive prototype. One key insight was the varying
background regarding education and work experience. Due to the varying background,
the knowledge of thermography differed, and the micro-learning application needed to
support different course levels.

6.2.1 Paper Mockups

Figure 9 shows a sample of the paper mockups created before starting with the inter-
active prototype. The paper mockups were used as a guideline when creating the inter-
active prototype, but some design elements changed after an evaluation of the paper
mockups. The main change was that the block of the coBtsleling thermography

in Figure 9 (a) was narrowed in order to see the sides of other blocks and clarify that
the user can swipe to the sides to see more courses. Alsbetiee 1was moved from
between the course blocks to inside the block of the coBtskeling thermographyn

order to clarify which course is level 1.

Since most modules have several lectures, one additional page between the pages in
Figure 9 (a) and Figure 9 (b) was added to show which lectures are included in each
module. In the paper mockups, an arbitrary lecture in the module was started when
pressingStart The navigation tab was extended with two more menu choices. The
design and layout of the questions was not changed.

27



6 Prototyping

(a) Main screen. (b) Pop-up when clicking on a module.

(c) Example of a question. (d) Example of a question.

Figure 9 Paper mockups.
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6.2.2 Interactive Prototype

The core of this micro-learning application is “trial and error”, that is a fundamental

method of problem-solving. The idea is that the user will learn by repeated attempts
which are continued until success. The user can choose to get a brief introduction to
each topic, but the introduction will not give answers to all the questions in the lectures.

The interactive prototype has a number of key components that is important for the
design of the micro-learning application. The rst component is the courses that are de-
signed as larger blocks, as seen in Figure 10. The coot®eluction to Thermography

is static since it is common for all users, while below it, speci ¢ coursesHileztrical
Thermographyan be found. The speci ¢ courses can be swiped to the sides in order to
see more courses.

The second component is the modules that are designed as circles inside the courses.
Each course includes a number of modules that can have one of three st&toses:
started(grey circle),In progress(blue circle), orCompletedgreen circle). Figure 10
shows main screen and the design of the courses and the modules.

(a) Main screen showing wher(b) Main screen showing (c) Main screen showing
no modules are in progress. modules in progress. modules completed.

Figure 10 Main screens showing different module progresses.
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The third component is the lectures. Each module can have one or more lectures that
have a clear focus area. Figure 11 (a) shows the lectures in the mQdal#itative
analysiswhen no lecture is completed, and Figure 11 (c) shows the lectures when the
lecture Emissivity and re ectivityis completed. Figure 11 (b) shows the alternatives
when choosing a lecture. TAEPSbutton allows the user to read a short information
text about the topic of the lecture, and tB€ARTbutton will start the questions.

(a) No lecture started.  (b) Each lecture has an (c) The lectureEmissivity and
introduction to the lecture topic, re ectivity completed.
by clicking TIPS.

Figure 11 Lectures of the modul®uantitative analysis

The questions are formulated in several different ways, for example, there are multiple
choice questions, factual questions, and choose the correct image. Figure 12 (a) shows
a question in the lecturgind and classify deviationsThe Read why here!button,

that is displayed at the bottom left of the page in Figure 12 (b) is the key in the “trial
and error” concept of this micro-learning application. This button allows the user to
read more detailed information about the speci ¢ question. The detailed information
provided about each question, which can be seen in Figure 12 (c), is not available in the
TIPSpage, which requires the user to take an active role in the learning. The incorrectly
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answered questions appears at the end of the lecture until they are answered correctly.
The user can also choose to save questions to later rehearse them again. Additionally,
short blocks of lectures and immediate feedback on the questions are intended to give
the user a feeling of ow.

(a) A question before the (b) A question after the (c) The detailed information
question is corrected. guestion is corrected. about the question.

Figure 12 A question in the lectur&ind and classify deviations the moduleRegular
faults

Figure 13 shows the pro le page and the statistics page. Inthe pro le page, thatis shown
in Figure 13 (a), there is an overview of points and achievements that are collected by
reaching certain levels or completing lectures or tasks. The points are a part of the
gami cation elements and are used for the leaderboard and as a comparison aspect when
comparing progress with friends. Additionally, the saved questions and the incorrectly
answered questions are available in the pro le page. In the statistics page, an overview
of the course progress is presented, both per course, as shown in Figure 13 (b), and per
module, as shown in Figure 13 (c). The statistics page also provides statistics over the
collected points and a leaderboard.
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(a) Pro le page. (b) Statistics page showing (c) Statistics page showing
an overview of the progress.  a detailed overview of
the progress.

Figure 13 Screens of the pro le page and the statistics page.

6.3 Analysis

The paper mockups gave valuable insights on the design and UX, and the insights re-
sulted in a design that gave a clearer overview of the application. It was important to
create a design that was easy to understand and did not require too many navigation
paths to achieve a task. Since the paper mockups were created before the interactive
prototype, it was easy to explore different design choices.

Even though the prototype did not have focus on the actual content of the courses and
lectures, it was still an important part in order to create a feeling of a real application.
The research study included participation in an ITC course on electrical thermography
which provided valuable knowledge needed to create the content of the prototype. The
content was created and structured in collaboration with the ITC teacher of the thermo-
graphy course.
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As previously stated, the micro-learning application has focus on “trial and error” and
the information provided before each lecture is limited. It may seem contradictory to
have the incorrectly answered questions saved in the pro le page due to the “trial and
error’ approach, but it can be argued that the incorrectly answered questions can encour-
age the user to spaced repetitions. Spaced repetitions can promote effective learning and
the long-term memory [31], and is one way of retaining the memory and overcoming
the forgetting curve.

The design of the interactive prototype presented in section 6.2.2 is the design that was
later used in the user testing and evaluation, which means that it had not been reviewed
by users within the thermography profession.
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7 User Testing and Evaluation

In this section, methodology, results, and analysis related to the user testing and evalu-
ation is presented.

7.1 Methodology

Due to the COVID-19 pandemic, all user tests were carried out through video calls
using Microsoft Teams [35]. The user testing and evaluation was divided into four parts.
First, an initial interview with seven questions was conducted in order to get insight on
the background, knowledge within thermography, preferred way of learning, and work
experience of the test participants.

After the initial interview, the user test was performed where the test participant was
requested to do two lectures in the micro-learning application without any guidance.
Since the user tests were carried out using Microsoft Teams, the test participants got
access to the prototype in a web browser on a computer. Before the user test, it was
clearly stated that the user test was not a test on their behavior or how many correct
answers they get. The test participants were told to think aloud in order to understand
their thoughts about the different design elements. The think aloud method is aimed
to discover what the test participants think about the design and facilitates the ndings
of misconceptions or other input regarding the design and UX [40]. Observation notes
were taken during the user tests.

After the user test, a follow-up interview with twelve questions was conducted in order
to get insights on the test participants’ experience of the micro-learning application. The
interview included four control questions from the lectures to see if the test participants
remembered information from the lectures.

Finally, after the interviews and user test, a survey was sent out to all test participants.
The survey included eight statements where the test participants had to Il in to what
extent they agreed with each statement.

The user testing and evaluation did not include any type of comparison with ITC courses
or other learning methodologies on whether micro-learning is a more valuable approach
to learn thermography.
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7.1.1 Test Participants

The user test included four test participants. According to Jakob Nielsen [39], the most
resource ef cient way is testing no more than ve users and running many small tests. A
user test with four test participants gives a nding of approximately 75 % of the usability
problems.

Figure 14 shows how the number of test users correlates to the percentage of usability
problems found in user tests. If no user test is performed, no usability problems will be
found. One single test user gives insights and feedback on almost a third of all there is

to know about the usability of the design. As the test users increases to two, three, four
and ve test users, a smaller number of new insights will be found. Nevertheless, the
new tests users will not give as nearly as much new insights as the rst test user. The
insights and lessons learned decrease as the test users increase because the tests users
eventually nd the same problems. Nielsen [39] states that after the fth test user, the
observations are not bringing much new insights.

Figure 14 The correlation between the number of test users and the usability problems
found in user tests.

The four test participants were related to the persona in Figure 6, David the maintenance
electrician. They have an electrical background and all of them had little knowledge
about IR and thermography. Despite the low competence within thermography, they
have all come into contact with thermography at some point, but no one works with it
in the meaning of taking thermal images. Additionally, no one of the test participants
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were experienced with micro-learning applications.

7.1.2 Ethical Considerations

To ensure that the user test covered the ethical considerations, the recommendations
of The Swedish Research Council presented in the ltéodd Research Practidd4]

have been used as a guideline. The recommendations that have been considered includes
information about the project, information about how the user test would be performed,
information about how the collected information from the user test would be used, and
consent to participate in the user tests.

A week before the user tests, information about the project and the user tests was sent
out to the test participants by email. The email clearly stated that the user test was part of
a master's thesis work at Uppsala University done in collaboration with FLIR Systems,
how the user test would be performed and how the results of the user test would be
used. During these email conversations, written consent of participation of the user
tests as well as screen recording and audio recording was collected. The consent of
participation of the user test and recording was ensured once again before the user test
started. All recordings of the user tests were deleted after the end of the project. Only
anonymous transcripts will be saved for future work.

7.2 Results

The initial interview was aimed to get background information on work experience,
knowledge within thermography, and preferred way of learning. The results from these
interviews were used to verify that the test participants were corresponded to the target
group, i.e., the personas.

The user tests where the test participants did two lectures gave valuable insights on
the design of the prototype. Since the test participants used the think aloud method,
confusions and misconceptions about the design were discovered. The user test resulted
in two changes in the design of the prototype. The rst change was in the progress page
that appears in the middle of a lecture. Three of the test participants thought that this
page showed the nal result from the lecture, and they were confused when the lecture
continued. Figure 15 shows the rst change. Figure 15 (a) shows the old design and
Figure 15 (b) shows the new design. The new design clearly states that half the lecture
is completed, and that the user will continue with the lecture.
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