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Resumo

As condições nos ambientes marinhos permanecem angustiantes, pois as atividades humanas afetam
a qualidade de vida das espécies marinhas. Uma das espécies que sente tais consequências é a Baleia
Franca do Atlântico Norte, cuja saúde está em declíneo devido a ameaças passadas e presentes.
Uma forma de chamar a atenção para os problemas ambientais marinhos é educando as pessoas,
conectando-as a tais espécies, conscientizando-as e fazendo-as refletir sobre ações futuras. Esta
dissertação apresenta a aplicação móvel de realidade aumentada, alavancando a interação sobre
as Baleias Francas do Atlântico Norte (BFAN), educando os utilizadores sobre a sua contribução
para ambientes marinhos, ameaças e curiosidades com essa interação. A dissertação relata o uso de
tecnologias imersivas e aprendizagem móvel, fornecendo informações sobre as BFANs. Três estudos
foram conduzidos em diferentes etapas do desenvolvimento da aplicação, em ambientes internos,
externos e em praças públicas, estudando: (i) como a Realidade Aumentada pode influenciar os
utilizadores, (ii) como o público entende as interações e (iii) quão eficaz é a AR para aprender
em espaços públicos. Os estudos revelaram as seguintes respostas: (i) a Realidade Aumentada
tem um impacto emocional nos utilizadores que pode ser positivo dependendo do tema abordado.
A imersão e a absorção são elementos cruciais, e o ambiente externo, seja com sombra ou não,
pode não influenciar significativamente na experiência. (ii) Os infográficos sem textos podem ser
entendidos pelo público considerando dois factores: a clareza dos desenhos que representam os
dados e o conjunto de conhecimentos da população-alvo. (iii) AR demonstra resultados positivos
na educação dos utilizadores sobre as Baleias Francas do Atlântico Norte em espaços públicos.

Keywords: Realidade Aumentada · Problemas ambientais marinhos · Aprendizagem móvel ·
Baleias Francas do Atlântico Norte



Abstract

Conditions in marine environments remain dire as human activities affect marine species’ quality
of life. Specific species that feel such consequences is the North Atlantic Right Whale, which health
is declining due to past and present threats. One way to draw attention to marine environmental
problems is by educating people, connecting them to such species, raising awareness, and making
them reflect on future actions. This dissertation presents the augmented reality mobile application,
leveraging the interaction about the North Atlantic Right Whales (NARWs), educating users about
their contribution to marine environments, threats, and curiosities with this interaction. The dis-
sertation reports on the use of immersive technologies, and mobile learning, providing background
on NARWs. Three studies were conducted during different stages of the application development,
indoors, outdoors and on public squares, studying: (i) how Augmented Reality may influence users,
(ii) how the public understands the interactions, and (iii) how effective is the AR for learning in
public spaces. Studies revealed the following findings: (i) Augmented Reality has an emotional
impact on the users that may be positive depending on the approached theme. Immersion and
absorption are crucial elements, and the external environment, whether with shade or not, may
not influence the experience significantly. (ii) Public understood infographics without texts if con-
sidering two factors: the clarity of designs representing data and the knowledge set of the target
population. (iii) AR demonstrates positive outcomes in educating users about North Atlantic Right
Whales in public spaces.

Keywords: Augmented Reality · Marine environmental concerns · Mobile learning · North At-
lantic Right Whales
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1

1 Introduction

1.1 Problem Statement: Low Actions in Protecting NARWs

Marine environments remain in dire conditions. The anthropogenic activity a�ects the quality of

life of marine species, which includes sea pollution [10], noise pollution [11], and heavy and fast ship

tra�c [12], while marine species are highly likely to be harmed by these problems. The dissertation

describes project's design and development using interactive technologies focusing on one of the

most endangered species � North Atlantic Right Whale (NARW, Eubalaena glacialis). Such species

are one of many a�ected by anthropogenic activity. Currently, the NARW population is estimated

to be between 200-250 mature individuals worldwide [5].

Furthermore, the NARW have poorer health because of the lower body condition scores com-

pared to the Southern Right Whales (Eubalaena australis) [6]. Indeed, one way to draw attention to

these problems is by educating people and connecting them with marine species by raising aware-

ness and re�ecting on their future actions that may impact the marine ecosystem [13]. However,

the problem with education in marine concerns is that education centers do not widely approach

it. The non-formal way faces di�culties in being imparted to an in�uential audience. Also, both

types of education do not include people of non-scholar ages, adults, and the elderly. The challenge

is having the broadest possible audience to share a message and raise awareness about marine

concerns.

Existing approaches for similar concerns typically use education as it is the key to changing

societal processes and attitudes, as Mironenko et al. mentioned [14]. Through knowledge, people

can develop a new mental model and skills to face problems in and out of their environment.

Still, education about marine environmental issues is imparted formally (being institutionalized,

with obtaining a certi�cate upon completion) or non-formal (programs and initiatives outside the

educational system). One of the problems with these two most common forms of education is that

the cohesion is slow and incomplete. Although authors have proved that formal and non-formal

education has positive results [15], the truth is that most education centers do not adopt it. The

education system, in general, has not presented su�cient urgency for the problem of the marine

environmental crisis. In the case of non-formal education, it is easier to increase its audience. Still,

it often needs to adapt at the same time several factors such as age, occupation, location, and

habits, and also, most of the time, this practice requires personnel to teach it.

Motivation. This dissertation is part of the INTERAQUATICA project [16], based on explor-

ing augmented reality for depicting marine concerns. The dissertation will create an augmented

reality interface, providing information about the NARW, update the existing augmented reality

application ARDome2 and explore how the audience uses it in a public setting.

Objectives. Tackling marine concerns may be used by leveraging Augmented Reality (AR).

The proposed dissertation is an interactive AR mobile application using existing geodesic structures

to provide a trigger of augmented images and 3D models of the NARW characteristics. The main

goal of these interactions is to keep the users informed, see how they interact, and motivate them

to protect the marine environment. App's design will privilege the e�cient use by the abroad age

group of users (from school-age children to older adults, participants could be teaching sta�, non-

teaching sta�, students, and people outside the academic environment who visit the University or

2https://play :google :com/store/apps/details?id=com :tigerwhale :ardome
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other touristic points of interest). The implemented application is studied in three settings: indoor,

outdoor, and open public.

1.2 Proposed Approach: AR for Whales

The thesis proposal is to create an experience related to the NARW based on information about

this species. The background consists of an Augmented Reality (AR) interaction where the user

uses an Augmented Images (AI) lecture to display three infographics about the species.

In addition, the ARDome application update is a strategy to raise awareness about marine

concerns. This app was designed and developed as part of the INTERAQUATICA project [16] and

had a Turtle AR interaction already created before the development of the Whale AR modality.

The updated version includes both interactions.

This dissertation presents three studies about the e�ectiveness of the application in educating

people about marine megafauna and concerns. The �rst is placed before the development of the

whale interaction modality, with the last version of the ARDome app focusing on the turtle inter-

action. The second was conducted during the development of the whale interaction. The third one

is performed after development of the whale interaction with the updated app, concentrating on

the new exchange.

Research Questions. Dissertation explores three core research questions:

� RQ1 . How AR may in�uence users while using them in public spaces?

� RQ2 . How public in general interpret the obtained minimalistic �gures without text, and how

do they interact with the NARWs?

� RQ3 . How e�ective is AR as a conduit for learning about NARWs?

1.3 Glossary

The dissertation uses the following wording, which is presented to the reader for the ease of fol-

lowing:

� Game engine: A software framework designed for video game development.

� Gami�cation: The process of including games or gamelike elements (such as tasks) to some-

thing to encourage participation.

� Interoreceptive senses: The senses that monitor the body's internal state, such as the

vestibular and proprioceptive senses [17].

� Pervasive: Present or noticeable in every part of a thing or place.

� Phytoplankton: A microscopic plankton capable of photosynthesis found in oceans, seas, and

freshwater and an essential component of aquatic ecosystems.

� Ubiquitous: Being or found everywhere, at the same time.

� Zooplankton: A heterotrophic plankton range from microscopic organisms to large species,

such as jelly�sh.
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1.4 Contributions of the author

In this dissertation, the reader may notice that the project's development is the result of the e�orts

of a team that performed various tasks. Naturally, the author of this dissertation is a member of

the mentioned team. Therefore, these paragraphs brie�y explain the author's contributions to the

ARDome app and MAR Gate studies.

The author participated in the studies with responsibilities such as inviting people to participate

and delivering questionnaires (Study A). Guide the study �ow with questions and show images to

the public (Study B). Observe general public reactions while approaching and interacting with the

dome structure (Study C). The details of these activities are in Section.

While developing the project, the author designed some of the Augmented Images and pic-

tograms. In this dissertation, the images have the corresponding author on the captions. Conse-

quently, the reader will identify them without e�ort.

The app programming on Android's operative systems was another contribution of the author

of this dissertation. All these details are in Section.

1.5 Structure of the Document

� State of technology (Section 2):The topic of this section is related to the technologies that

work with Augmented Reality. The chapter presents subjects such as Sensorama's history and

the di�erence between Augmented Reality (AR), Mixed Reality (MR), and Virtual Reality

(VR). Lastly, the reality-virtuality spectrum demonstrates the broad future of the devices that

play with the natural world and our perceptions.

� Mobile Learning (Section 2.6): This section is dedicated to the learning process using mobile

devices, including the history, implications, perspectives, problems, resolutions, foundations,

and other related subjects.

� North Atlantic Right Whale (Section 3): As the project is directly related to this species, this

section additionally serves to inform the reader about NARWs' life, distribution, threats, and

more.

� Methodology (Section 4):The chapter explains all the processes in the development of the AR

application and describes the studies made to validate the impact of the application on the

users in three experiments.

� Results (Section 5): The results of the studies explained in the methodology (section 4) are

presented in this section.

� Discussion (Section 6): A re�ection about each study is exposed in this chapter.

� Related work (Section 7): This section includes relevant studies with similar objectives or

procedures to this project, including �ndings comparisons. This information is placed after

the methodology, results, and conclusion sections to give the necessary information about the

project and ease comparisons with the related works.

� Conclusion (Section 8): A summary with the most relevant points and �nal thoughts about

the dissertation is depicted.
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� Attachments (Sections 9, 10, 11 and 12): These attachments contain code of the integrated

features for the ARDome application, questionnaires used in Study A, demographics of the

participants in Study A, and quizzes questions of Study C.
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2 State of Technology

For this project, the dissertation considers technologies that work with augmented realities. The

section further provides the analysis of state-of-the-art applications.

2.1 History of the reality-related technologies

Reality-related technologies such as Augmented Reality or Virtual Reality have a common ancestor

created decades ago. �Sensorama Simulator� [18] was the name of this device, developed by Morton

Heilig at the end of the 1950s decade in the United States. This machine consists of a system of a

3D-video component that was composed of three coupled 35 mm cameras, stereo sound, a vibrating

seat, wind, and smells with the help of fans located near the user's head3. The goal of this machine

was to play with all user senses to create an immersive experience. Users could �ndSensorama

Simulator (Fig. 1) in popular fairs.

Fig. 1: Picture of the Sensorama Simulator.

In the following years, Ivan Sutherland invented the �rst 3D headset in 1968. Myron Krueger

created the �rst multisensory interactive environment in 1969. Thomas Zimmerman and Jaron

Lanier were the creators ofDataGlove in 1985 [18]. These inventors triggered the natural interfaces

research and development. Technology that involves more natural interactive systems is di�erent

from mechanical ones, such as the mouse, monitors, and keyboards.

2.2 Augmented Reality

De�nition. Augmented Reality, better known by its acronym, AR, is the real-time enhancement

of the real world by adding virtual computer-generated elements that can be observed directly or

indirectly. The objects in the environment can be registered, and the virtual ones can be placed

on them.
3 Interview with Morton Heilig explaining Sensorama features and limitations (1980): https://

www:youtube:com/watch?v=vSINEBZNCks
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Purpose and examples. AR is de�ned as the merging of 3D virtual objects with the real-

world environment. The purpose of AR is to enhance the user's perception and interaction with

the real world. Displays do not restrict it, and AR can apply to all senses [19].Sensoramawas an

example because it played with 3D vision, smell, and touch. Indeed, AR can potentially help people

with missing senses by sensory substitution. Users with limited vision can use AR to augment their

sight with auditive components. In contrast, AR can help deaf people with visual assistance [19].

Augmented Reality's utility is centered on giving users information not possible to detect in the

environment with their senses. These characteristics have advantages in performing daily tasks.

The workers can receive additional information about the mission and environment status through

AR. For example, mobile augmented reality for medical training [20], maintenance, and repair [21],

marketing [22], education [23], etc.

Entertainment is another fundamental approach to Augmented Reality [19]. The most relevant

example is the popular gamePokemon Go4. This game (Fig. 2) was the �rst contact with an AR

system for most people worldwide because of its accessibility.

Fig. 2: Capture showing Pokemon Go's AR feature.

AR in mobile systems. Developers design AR systems considering mobility. AR mobile sys-

tems include wearable mobile devices that allow users to interact with digital information merged

with the natural environment. The objectives are to enable users to keep the focus on the applica-

tion and provide users with private data with the possibility of sharing. In the case of the devices,

4Video demonstrating how AR works in the Pokemon Go game: https://www :youtube:com/watch?v=
yUNtfM1CIPU
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the desirable characteristics are lightweight, wearable or mobile phones, socially acceptable, and

private and robust tracking technology [19].

2.3 Mixed Reality

De�nition. Even in current times, Mixed Reality's (MR) de�nition is challenging to understand

because we are far from a shared concept of what MR means. Researchers generally base their

de�nitions on Actual Reality and Virtual Reality Continuum (a topic that the thesis will approach

in the following sections). Speicher et al. [24] made an extensive investigation. They found it

necessary to identify di�erent de�nitions used in related �elds, analyze how they di�er and connect,

and explain the limitations in de�ning what MR is. The authors compiled six widely used working

de�nitions of MR according to di�erent notions.

� According to Continuum: MR is de�ned as a mix of real and virtual objects within a single

display on a spectrum between a fully real and a fully real world.

� As a synonym: The authors found several papers that treated MR simply as a synonym for

AR.

� As a type of collaboration: MR is the interaction between AR and VR even when their

users are physically separated. This notion includes the mapping of spaces. For example, two

users are in di�erent rooms, one using AR registered the surrounding environment while the

other with VR visualizes the same environment being virtually reconstructed.

� As a combination of AR and VR: The MR system combines some aspects of AR and

VR and makes them interact without tightly integrating them. Another way to explain Mixed

Reality considering this notion is the capability of switching between VR and AR in the same

application.

� As an alignment of environments: This notion is similar to the last two in this list. The

settings are not physically separated for the two users (like the idea of collaboration explains),

and the system combines di�erent physical and virtual parts. Still, the environments do not

necessarily have to be AR and VR (like in the notion of combination). In other words, it is an

alignment of a virtual representation with the real world.

� As a "stronger" version of AR: MR is an AR with more functionalities that it cannot o�er

on its own. MR is bound to speci�c hardware or device that can provide those functionalities.

This notion presumes that MR is an evolution of the �regular� AR.

Purpose and examples. Mixed Reality has similar purposes to AR. There are examples of

interactions between the Solar System and Plant System developed for classrooms and self-learning

in education [25]. Nowadays, museum visitors can use MR to visualize ancient art pieces in their

original state (Fig. 3). Users can obtain extra information about the restored parts of the article

and what part is missing with a recreation of the complete sample [1].

Medicine students can resort to MR to practice their skills safety. Doctors use MR mobile

version for teaching procedural skills, anatomy, and clinical assessment [26]. Researchers proved

MR is even more e�ective than traditional 2D architectural design in communicating building

characteristics with clients [27]. There are more examples of MR usage. The ones presented in this

section are the more relevant ones. Naturally, there are more areas where the MR is employed,

such as robotics [28], sea transport [29], and aviation [30].
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Fig. 3: Example of the Athena Parthenos enhanced digitally. The spear is added virtually, and
the blue parts are the restored ones (retrieved from [1])

2.4 Virtual Reality

De�nition. Some researchers de�ned VR using three characteristics: presence (or telepresence),

interactivity, and immersion [31].

� (Tele)presence: The feeling of being physically in another place where the person is staying

is not the one.

� Interactivity: The property allows users to manipulate their virtual environment in real-

time.

� Immersion: This characteristic can be measured by inclusiveness, extensiveness, surrounding,

vividness, and matching.

� Inclusiveness:The range in which reality is excluded.

� Extensiveness:The range of sensory modalities was addressed.

� Surrounding: The �eld of view's size.

� Vividness: The display's richness, resolution, or quality.

� Matching: The characteristic allows the users to feel that their body movements are aligned

with the displayed virtual information.

Another version of immersion's de�nition is related to emotional involvement. The theory

includes cognitive, emotional, sensory-motoric, and spatial immersion.

� Cognitive immersion: Solving complex problems can o�er users an immersion sensation by

focusing on them.
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� Emotional immersion: Users feel engaged with the narrative.

� Sensory-motoric immersion: Feedback about users' movements can help with immersion.

� Spatial immersion: Users feel when they perform extensive maneuvers.

Therefore, there are three de�nitions for Virtual Reality given by di�erent researchers [31]:

� VR is a group of devices that enable people to experience an immersive world beyond reality.

� VR is an environment created by the computer that can be experienced and interacted with

as if it was real.

� VR is a real or virtual environment where a user perceives it as telepresence.

The Emeritus Professor of Educational Technology at Howard University, Gabriel D. Ofeisch,

expressed an essential distinction of VR from other technologies: �As long as you can see the screen,

you're not in virtual reality. When the screen disappears, and you see an imaginary scene, you are

in virtual reality� [31].

Purpose and examples. Nowadays, many companies use VR for education, retail, trans-

portation, energy, consulting, insurance, healthcare, and sports [31]. The approached subjects in

education can be anatomy, geography, history, physics, and chemistry.VR Immersive Education

and Google Expeditionsare examples of VR educational experiences. Inretail , IKEA employs VR

to instruct new employees.Macy's takes VR to improve customers' experiences while shopping.

Verizon trains its store workers with VR to handle hostage and robbery contexts. Intransporta-

tion , Deutsche Bahnhas the idea of using VR training for scenarios that are impossible to teach

on real trains. Volkswagenuses VR for prototyping and Tata Motors to con�gure cars with their

customers.Energy companies such asE.ON uses VR to instruct substation employees.Shell trains

personnel for deep-water oil projects using VR for safety.MHI Vestas uses it as a sales tool to

display o�shore wind turbines. In consulting , enterprises likeAccenture use VR to evaluate work-

ers, PwC conducts diversity and inclusion training through VR, and BDO employs VR to test

personnel recruitment. Farmers Insurance ideate to conduct interpersonal skills training in VR,

and Cigna employs VR to perform health screenings and pass health information to customers.

PNB MetLife consults with their clients are examples of VR uses ininsurance . Harvard Medical

School and Columbia University employ VR to train surgeons in healthcare . Takeda uses VR

recruitment. Ivoclar Vivadent proposes using VR to distract patients during dental treatments.

VR is used even insports . The Dallas Cowboysstarted training their players in VR. Premier

Leagueteams use VR to identify soccer talent.NASCAR employs VR to allow fans to experience

racing events remotely.

2.5 Reality-Virtuality Continuum

How to distinguish virtual from real? Before explaining the reality-virtuality spectrum, it

is crucial to understand the di�erences between real and virtual objects. Milgram et al. o�ered a

clear explanation considering three di�erent aspects. Following Fig. 4 will help to understand the

distinctions between the three aspects.

Real Object vs. Virtual Object: On the left of Fig. 4, it is possible to observe a represen-

tation of virtual and real objects. Real objects have an objective existence, and virtual ones exist

in essence or e�ect but not formally or actually. Viewing a real object can be done directly or
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sampled and synthesized via a display device. The computer must simulate virtual objects because

the user can't observe them.

Direct Viewing vs. Non-direct Viewing: This distinction involves the case of image quality

as an aspect of re�ecting reality. The measure for realism is taken as direct viewing (through air

or glass) of a real object. This type of viewing is also called �unmediated reality.� If the real object

is observed using some imaging system �rst to sample data about it, using a video camera, laser,

or ultrasound scanner, for example, and then is reconstructed via a display medium, like a video

or computer monitor. The computer can only synthesize virtual objects. In Fig. 4, the non-direct

viewing of real or virtual objects is represented as a presentation via Synthesising Display. The

point here is not to di�erentiate natural objects from virtual ones since synthesized images of

non-real objects can look very realistic. The authors intend to consider that a represented object

is not necessarily real because it �looks realistic." For that reason, the terminology must be able

carefully to re�ect the di�erence.

Real Image vs. Virtual Image: In the �eld of optics, a real image is any image that has

some luminosity at the location at which it appears to be located. This de�nition includes a real

object being observed with direct or non-direct viewing (through a display). A virtual image is

an image that has no luminosity at the location it appears, for example, holograms and mirror

images. In Fig. 4, there is a stereoscopic display. The left and right eye images are authentic, but

the fused percept in 3D space is virtual. In the MR spectrum, virtual images are transparent, i.e.,

does not occlude other objects located behind them.

Fig. 4: Scheme used by Milgram et al. to exemplify the distinction of reality from virtuality: Real
vs. Virtual objects, Direct vs. Non-direct viewing, and Real vs. Virtual image (retrieved from [2])

De�nition of RV Continuum. One of the �rst and most referenced de�nitions of the Reality-

Virtuality Continuum is from Milgram and Kishino's research and works in the 1990s. Skarbez

et al. recently revised Milgram et al.'s work and suggested an updated version, considering the
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technological progress in almost 30 years. This section will look only at the de�nitions presented

by both research groups to understand how the point of view changed through the years.

Milgram et al.'s point of view. Milgram et al. [3] mentioned that AR and VR are related,

and somehow it is correct to consider both concepts as parts of a general one. Reality-Virtuality

(RV) is a spectrum with two extremes: the real and the virtual environment, as the �gure presents

(Fig. 5). On the left is the natural environment, which consists of real objects, and can be observed

directly or through some kind of display (e.g., a video camera). On the right is a virtual environment

that only possesses virtual objects, such as the usual computer graphic simulations, either monitor-

based or immersive5.

Fig. 5: Simpli�ed representation of a RV Continuum (retrieved from [3])

Skarbez et al. revisited version. Skarbez et al. [17] found limitations in the Milgram et

al.'s de�nition. Milgram and Kishino focused on visual displays and their hardware, i.e., other

users' senses are not considered in the de�nition, only the vision. Furthermore, the content was

described uniquely as realism, not considering the coherence of the experience in general. It is

possible to consider audio signals, haptics, scent, and taste with today's processor speed. Even in

the 1960s, these possibilities were presaged with Sensorama [18]. Another point is the hypothesis

of the Ultimate Display's existence. The authors who revisited Milgram's work mentioned if it

was possible to have the most advanced display, it still �t within the realm of MR. Even if the

device controls the user's external senses (vision, smell, haptic, taste, hearing), it still doesn't

have control over the interoceptive senses6. In addition, an Ultimate Display's existence would

cause con�icts between the interoceptive and external senses. However, the authors believe that a

technology o�ering such immersion in a virtual environment is unreachable. Consequently, Milgram

et al. considered that the concept of RV is continuous. Still, the technology will never reach that

point of a completely virtual environment, and this means that RV is, in fact, discontinuous. This

discontinuity is reinforced because any form of technology-mediated reality is mixed.

Having explored three technologies that are part of Reality-Continuum, such as AR, MR, and

VR, the selected one for this dissertation was AR. Besides the low cost, another reason is less

heavy than other technologies mentioned before. AR is present in mobile phones, so we allow users

to use their devices. MR and VR need head-mounted displays, which are inappropriate for open

5Notably, Milgram et al. considered Mixed Reality (MR) as the environment in which real-world and
virtual-world objects are presented together within a single display. In the spectrum, MR is placed be-
tween the real and virtual environment.

6 Interoreceptive senses: The senses that monitor the body's internal state, such as the vestibular
and proprioceptive senses [17]
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public spaces due to the need for plugs and sockets to work. Additionally, using a wired device

depends on personnel to be there for the device's security; consequently, the sensation of doing the

experience freely may be perturbed.

For this dissertation, AR will be used to provide novel interactions with existing geodesic

structures to create a mobile learning experience, which is a new contribution combining reality-

related technology with this educational modality.

2.6 Mobile Learning

Since this dissertation aims to create an experience where the users can interact while learning

about the whales using a smartphone and an AR app, research on the relationship between mobile

phones and education is necessary to understand it.

History. In the late 70s, the Xerox Dynabook project proposed an independent, separate

and complete knowledge manipulator in a portable package with the size and shape of an ordinary

notebook, allowing children to explore, create and share dynamic games and simulations [32]. After

the Xerox Dynabook project proposal, innovations were desktop-based. Then from the early 2000s,

mobile learning has developed as a set of signi�cant projects in schools, workplaces, museums,

cities, and rural areas worldwide. Sharples et al. wrote this paper [32] in the age of personal and

technical mobility, where mobile devices, including phones, MP3 players, and PDAs, were carried

everywhere. Nowadays, the most common device carried by people is smartphones, followed by

tablets and laptops.

What is mobile learning? The critical success of mobile learning impacts its concept, lead-

ing the communities to de�ne it depending on their particular view based on their experiences.

Consequently, several theories and perspectives have appeared through the years of research. As

the "mobile learning" concept has multiple versions, it is di�cult to characterize and currently

is considered ill-de�ned. For that reason, a re-conceptualization is necessary to de�ne the precise

nature of mobile learning [4].

Perspectives. Four categories [4] exist to characterize mobile learning based on the current

perspectives:

� Technocentric: It is the most popular approach in literature. It is learning with a device such

as a mobile phone, PDA, or iPod, among others.

� Relationship to e-learning: Mobile learning is an extension of e-learning. This de�nition

combines both concepts, mobile learning and e-learning. Consequently, it doesn't help to clarify

what mobile learning is. According to Traxler (2005), the technocentric and e-learning concepts

place "mobile learning somewhere on e-learning's spectrum of portability."

� Augmenting formal education: Generally, the literature de�nes formal education as the

typical face-to-face lecture. Nevertheless, this perspective is not completely clear or correct. In

the words of Peters (1998), education, where the learners and teachers are in di�erent places

(for example, using communication via letter), has already existed for over 100 years. For that

reason, this leads to questioning the de�nitions given about formal education.

� Learner-centred: Winters et al. [4], in 2002, de�ned mobile learning as a concept signi�cantly

linked to devices. Nevertheless, at the following times, the de�nition was centered on the

mobility of the learner. Consequently, mobile learning is "any sort of learning that happens
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when the learner is not at a �xed, predetermined location, or learning that happens when the

learner takes advantage of learning opportunities o�ered by mobile technologies" - O'Malley

et al. (2003).

Analysing the problem. During a workshop presented by the Kaleidoscope Network of Excel-

lence Mobile Learning Initiative [4], Winters et al. registered four critical characteristics of mobile

learning that are cited in the following list:

� Enables learning building by students in di�erent contexts.

� Enables learners to construct understandings.

� In many cases, mobile technology changes the learning/work activity pattern.

� The circumstances of mobile learning are about more than time and space.

Another great point is that for learning-oriented mobile applications to be innovative, they

should not pay exclusive attention to information transmission and keep their distance to a model

of "anytime, anywhere" access. Based on the premise of mobile learning as an intervention in terms

of guiding what the learner is constructing, workshop participants established more key points

through an activity consisting of scenario-building. These key points are cited in the following list:

� The relationship between the learner, teacher, and parent/caregiver is essential:

This a�rmation is relevant because it helps to structure the interaction between the technology

that is the property of the student and the activities in formal education.

� Mobile applications often a�ord cross-curricular activities: One of the advantages of

engaging with teachers by using mobile technology as a tool for classroom activities.

� The ethical dimension is critically essential: As humanity is moving towards a time where

ubiquitous technology is everywhere, this concern emerged multiple times in the workshop

discussions.

� Representation on the mobile device is an issue: Mobile devices are well known for their

small-screen size, and it constitutes a challenge in representing the content that learners will

use.

Implications . Additional implications of mobile learning are described as follows:

1. Mobile learning applications are best viewed as mediating tools in the learning process. It

means that they are not limited to themselves and can be extended to other learning tools

that teachers and students already possess or future tools that will appear with technological

advances.

2. Three factors support the design of mobile learning activities:

� Relationships between the learner, colleagues, teacher, etc.

� The topic that the learner is learning.

� The place and context where the learner is learning, and the topic's relation to them.

3. Considering the three factors of the last implication, the application's design will form the

basis for a distributed learning network, which can be part of other learning tools, activities,

contexts, and people dispersed over time and space.
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Resolution. Winters et al. stated that, after the group dialogue, they build a concept map

with crucial characteristics to re-conceptualize mobile learning. The �nal version of the map is in

Fig. 6.

Fig. 6: Final version of the concept map done in the workshop (retired from [4]).

In the center of the map, the concept of mediated learning takes place instead of mobile learning,

as we could expect. That means that technology takes a secondary role. The importance is to

determine the nature of the application based on social factors and activities. Therefore, we have

new ways to leverage technology in new and exciting ways.

Why is it called "mobile"? According to Sharples et al. [32], the word "mobile" in mobile

learning results from �ve ideas referenced in the following list:

� Mobility in physical space: For learners, locations are either a relevant element to the

learning process or merely a backdrop.

� The mobility of technology refers to portable devices that a person can carry easily. Also,

the users' attention can be transferred across devices if required. For example, we are moving

from the smartphone to the computer or the tablet.

� Mobility in conceptual space: When a person is learning topics and themes, shift the

attention between them. An average adult has at least eight major learning projects a year

with numerous daily learning episodes. In conclusion, concentration depends on the interest,

commitment, or curiosity that the person has about a particular topic, which �ows from one

subject to another.

� Mobility in social space: Learners can share the learning process in a social context. For

example, with family, with o�ce or classroom colleagues.

� Learning dispersed over time: To understand is necessary to connect and reinforce the

di�erent learning experiences through formal and informal contexts.
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Another point of view. According to Kukulska-Hulme et al. [33], the concept of the mobile

learning approach existed before it started to be related to mobile devices. Essentially, learning

outside the classroom is, to some extent, to have the motivation to do it wherever and whenever

the opportunity happens. Portable devices came to mobile learning as new tools to facilitate it.

These devices help in communication and collaboration, and their lightweight and portability facil-

itate the "transport" of the learning content. They permit education occurs di�erently than other

educational media allow. As another advantage, some of these devices are low-cost compared to

the usual desktop computers and are more spontaneous and personal. Using the Internet, they can

o�er comprehensive educational resources. To summarize, mobile learning has a list of attributes

that helps to describe it. In the words of Kukulska-Hulme et al. [33], those attributes are spon-

taneous, personal, informal, contextual, portable, ubiquitous7, and pervasive8. These attributes

make mobile learning similar to other e-learning devices, such as computers. However, the di�erence

is in the advantages of permitting location changes and immediate interaction, as these devices are

primarily wireless and small.

Foundations. Researchers in this area study how the mobility of learners augmented by per-

sonal and public technology can help them learn new topics and gain skills and experience. The

objective is to analyze the mobility and contexts, assuming that learning not only occurs within a

�xed location in a speci�c schedule, i.e., but also �ows across locations, time, topics, and technolo-

gies [32]. The use of technologies while learning has the advantage of allowing the users to keep

their long-term projects on their devices, which are familiar to them. Furthermore, these mobile

devices help save circumstantial ideas as the learners progress during their learning process.

Context. The key to mobile learning is the context created by people interacting with more

people, including the space and other tools. Traditionally, learning spaces are exclusive school

classrooms, giving a stable context. However, if those elements are removed, the challenging part

is to know how to create moments of stable context and permit the continuity of the learning

�ow. Based on Dewey (1916), Pask (1976), and Stahl (2003), Sharples et al. [32] proposed that

to understand the world, we need fundamental processes such as exploration, conversation, and

collaborative knowledge building.

� Exploration is a process that is essentially mobile because it implies movement, either physical

or through conceptual space. It connects experiences and concepts into new knowledge.

� Conversation links learning within and across di�erent contexts. Learners form new ideas

through discussions with the participants within the same place or, as the opposite, each one

in di�erent and distant places using phone calls, for example. In addition, portable devices

allow for taking notes for future reference. Consequently, it is possible to record relevant parts

of the conversation.

� Collaborative knowledge building results from technical assistance in these explorations

and conversations. The technology's roles include forming a distributed system of meaning-

making that promotes collaborative knowledge building.

7Ubiquitous: Being or found everywhere, at the same time (https://www :wordreference :com/
definition/ubiquitous )

8Pervasive: present or noticeable in every part of a thing or place ( https://
dictionary :cambridge:org/dictionary/english/pervasive ). In this context, mobile learning is
so integrated with daily activities that are hardly notice [33]
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Technology in learning. Nowadays, technology is an element that accompanies and guides

the learner, continuously monitoring the performed activities. It allows for storing exploration

progress and the conversations done by the learners. Then those records can be accessed later to

consult the achievement and recall the topics already learned. According to Sharples et al. [32],

conversation and context are essential for understanding how educational members can integrate

mobile learning with conventional education. With these explored foundations, the conclusion is

that mobile learning can o�er new practices to extend teaching outside the classroom, using the

conversations and interactions of daily life.

Theories behind mobile learning. As observed in the workshop described by Winters et

al. [4], conceptualizing mobile learning was a problem. Sharples et al. [34] told that problem about

two years before. The notable point was specifying the role of mobility and communication in

the learning process. Therefore, the researchers recognized the importance of the context and the

essential role of technology in going beyond age and culture barriers. Behind the design of new

applications and technologies to support mobile learning, a lot of analysis exist. Designers need to

know the tools, their utility, and constraints when assisting learners. Therefore, it is necessary to

consider two perspectives (called layers by the researchers [34]):

� Semiotic layer: Explain learning as a semiotic system in which the learner's object-oriented

actions (i.e., actions to promote an objective) are mediated by cultural tools and signs.

� Technological layer: Represents learning as involvement with technology. Mobile phones and

computers work as interactive tools in the learning process. It creates a human-technology rela-

tionship where the importance of maintaining communication, mediating agreements between

learners, and the possibility of recalling and re�ecting on concepts are present.

Theory steps. Authors determine a group of steps to theorize about mobile learning [34]. First,

it is necessary to distinguish what is unique about mobile learning compared to other varieties of

learning activities. Evidence is that this type of learning lets learners be on the move. Mobility not

only means a "physical move," it means that we can learn across locations, time and topics. Indeed,

school students have mobility, too; they go from one room to another and pass from one topic to

another during their learning time. Therefore, the object of analysis should be the transference of

knowledge and skills through contexts. The second step is to understand that people are the one

who initiates and structures the activities outside the classroom. Sharples et al. [34], found the most

common context for adults' daily learning. In the �rst place, we found the house or the o�ce as a

place where adults reported they have more learning episodes, with51%. Other places are also their

workplace but outside the o�ce ( 21%), locations such as places of worship, hospital waiting rooms,

cafes, hobby stores, and cars (14%), outdoors (5%), in a friend's place (2%), and places of leisure

(2%). Surprisingly, only 1% of adults report transport as their place of learning. Thirdly, the theory

must be based on modern practices that enable successful learning. Accordingly, researchers at the

US National Research Council synthesized a study about the educational e�ectiveness across ages

and contents of di�erent areas. That study concludes that e�ective learning is learner, knowledge,

assessment, and community-centered. In the following list, these concepts are justi�ed:

� Learner-centered: The learners have skills and knowledge after understanding a topic and

let their reasoning be based on their own experience.

� Knowledge-centered: The curriculum is conceived from the valid basis of corroborated

knowledge. It is taught e�ciently and with the ingenious use of concepts and methods.
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� Assessment-centered: The students' ability has to be matched with the assessment. It allows

diagnosing and guiding the learner to good results.

� Community-centered: A community that promotes, shares knowledge, and supports learners

contributes to their success.

The last step is to consider the ubiquitous use of personal and shared technology. In the UK,

over 75% of the population and 90% of young adults owned mobile phones in 2003 [34], according

to the researchers. However, it is relevant to use more recent and general data.

The Global System for Mobile Communication Association (GSMA) found that 4.7 billion

people were using mobile phones, and by 2020 this number will rise to 5.6 billion. According to the

International Telecommunication Union (ITU), there were 7 billion mobile subscriptions in 2015,

780 million more than in 2000 [35]. This means that mobile phones are one of the most spread

technology worldwide.

Theory criteria. Considering this information and steps, researchers determined these essen-

tial questions to test a mobile learning theory:

� Is it considerably di�erent from current theories of the school room, job site, or learning lasting

a lifetime?

� Does it justify the mobility of learners?

� Does it extend formal and informal education?

� Does it theorize knowledge as a constructive and social procedure?

� Does it analyze learning as an individual and situated activity mediated by technology?

During a meeting, the MOBIlearn European project members contributed to the theory building

about mobile learning. A list of the key �ndings is presented below [34]:

� It is a learner that is mobile rather than the technology: Learners can manipulate

whatever technology they have close to them as they move between settings. For example,

users own, or somebody else's mobile phones, computers, books, notepads, etc.

� Learning is connected with other activities as part of everyday life: It is complicated

to separate the learning process from our daily activities, which can set the learning contexts.

Learners can gain knowledge through conversation, reading, or watching television.

� Learning can generate and satisfy goals: The reasons to start learning can be external

goals (like curriculum or study plan), learners' needs and problems, curiosity, or chance. From

these motivations, the learner is allowed to create new objectives that he can explore through

formal or informal study.

� The control and management of learning can be distributed: Traditional education

gives authority to the teacher. However, mobile devices help distribute this responsibility

through learners, guides, other teachers, technologies, and resources such as books and lo-

cations.

� Learners construct context through interaction: Context is key to understanding mobile

learning. Instead of considering this element as static because it is not something that encloses
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the learner at a given time and place, it should be viewed as a dynamic element, changing

depending on the learners and their interactions between them and the environment.

� Mobile learning tends to complement and con�ict with formal education: Learning

activities can be extended outside the classroom. There are some examples, such as homework,

trips, and visits. Mobile devices can contribute to collecting and analyzing information. How-

ever, they can also interfere with the stable environment of a classroom if they are allowed

inside these spaces.

� Mobile learning raises profound ethical issues of privacy and ownership: Nowadays,

people with interest can use devices to monitor some aspects of other people's life. Assuming

this fact, teachers and parents access all the student's learning process details. However, this

can be a problem for privacy during childhood. Nevertheless, it is well-known that technology

companies already do that and allow parents to track the location of their children for safety.

2.7 Designing mobile learning

It is well-known that context is one of the critical elements of mobile learning, and it can change

from one to another. Therefore, the main goal of designing mobile learning technology is to ease

communication within and through di�erent contexts. To achieve that goal, designers of mobile

learning must understand how to develop technologies, media, and interactions to allow a smooth

�ow through various contexts and integrate mobile technologies to permit innovative activities

inside education. According to Sharples et al. [32], in 2006, researchers like Naismith and Corlett

suggested general principles based on what they learned about mobile learning:

� Interactions must be quick and straightforward;

� The content has to be �exible enough to be accessible through contexts;

� Taking into consideration the particular a�ordances, such as audio or user anonymity, that

mobile devices possess to contribute to the learner experience;

� The objective is not only to "deliver" but facilitate the learning process. Mobile devices' tools

(such as voice recognition and communication, keyboard, camera, timers, etc.) should be con-

sidered when designing a learning experience.

Another pertinent idea that designers should recognize is that using mobile devices is not the

target but a way to enhance learning activities. The target is to increase the bene�ts for learners.

An essential task for developers is to create rich conversations and enhance the learner experiences

without interfering with the learning process itself. It means that attention is a crucial element and

also a problem. How would users' focus be allowed to change from the device to the surroundings

in the smoothest way possible and avoid dangerous situations (such as the hazard of walking while

gazing at the screen)? In the words of Sharples et al. [32], some authors report the advantages of

using audio presentations to enhance or interpret surroundings, for instance, by telling the story

behind a museum exhibit or tourist site. Sharples et al. [32] cited Reigeluth (1999), who o�ered a

design theory with clear guidance about how to help people learn and develop. According to the

theoretical foundations, mobile learning instructional design should:

� Support learners to reach individual understanding through conversation and exploration;

� Support learners' collaboration to build common knowledge;
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� Use technology to enrich learners' collaborative knowledge-building with other learners and

teachers;

� Support learners' transitions across learning contexts.

Factors to a well-succeed mobile learning project. In 2006, Naismith and Corlett [36]

identi�ed �ve critical factors for developing a successful mobile learning project:

1. Access to technology: Make sure that mobile technology is available where and when needed,

allowing users to use their own devices or giving them the devices they should use at home or

on the move.

2. Ownership: Allow the users to use their technology or give them the sensation of using the

device as if it were their own. It helps to �ll the gap between institutional and personal learning.

3. Connectivity: Ensure the users have wireless or mobile phone connectivity to access learning

resources, connect with other learners through contexts, and share their materials and progress.

4. Integration: The learners' curriculum, experiences, or daily life are integrated with the mobile

learning projects to maintain an electronic portfolio or record of learning.

5. Institutional support: Learners have relevant resources in mobile format, trained sta�, and

technical support.

2.8 Evaluation of Mobile Learning.

Generally, developing new technologies includes an evaluation part to test the system's e�ectiveness.

Mobile learning has a complex evaluation because it is necessary to test the technology component

and the education. Sharples et al. [32] identi�ed the challenges in evaluating mobile learning and

some solutions:

� The unpredictability of the context of use: Typically, technologies are tested assuming

that the context is �xed and well-de�ned. However, as was explored before, in mobile learning,

the context is not static, and it can vary signi�cantly as the learner interacts with other users

and places. Additionally, mobile learning contexts are di�cult to observe, predict or stimulate.

� The unpredictability of the learning process: Mobile learning can complicate the dis-

tinction between formal and informal learning. Usually, students bring homework into the

classroom for assessment or even bring items part of their exploration (such as leaves, stones,

or others) to explain a lesson. However, mobile devices o�er more ways to bring materials to

the classroom through images, notes, and audio recordings. Sharples et al. [32] proposed the

following questions: Where does school end? When can a child delight in learning for its own

sake without having to present the results for school assessment?

� The unpredictability of mode of use: In the words of the researchers [32], the technology

used for mobile learning is designed to enhance learning practice, but it can also change and

a�ect that practice. Designers can't determine how learners will use the technology until real

people test it in real settings. Sometimes the designer's idea doesn't match how people adopt

that technology.

� Looking beyond the "wow" e�ect: Users' enjoyment and motivation are characteristics

included in the mobile learning evaluations. Researchers cited by Sharples et al. [32] propose
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that the high a�ective value of mobile learning is in�uenced by elements like control over goals,

ownership, fun, communication, learning-in-context, and continuity between contexts. There

are attributes of mobile devices that make learning enjoyable. Therefore, an investigation to

specify which are those attributes and how to take advantage of them is necessary. As a result,

when evaluating mobile learning, we should try to see beyond the �rst "wow" factor associated

with the technology and investigate the e�ectiveness of mobile devices in engaging learners

over the longer term.

These challenges demonstrate the di�culties in data collection, analysis, and assessment of

learning results in mobile learning. Consequently, researchers are exploring new tools and methods

for the collection and analysis of data, research methodologies, and approaches suitable for inter-

preting such data and issues in designing mobile learning research. Some examples are mobile eye

tracking, co-design, and data mining of automatically generated data logs. Finally, the evaluation

is a process that should be continuous, starting with the inception of a project and then following

with the design, implementation, deployment, and beyond.

In this dissertation, the aforementioned key aspects of mobile learning will be used to design

and evaluate an AR mobile application where the wider audience learns about the curiosities and

concerns of NARWs. Knowing this information, it is expected that users of the recent interaction

created for this dissertation will use it to learn more about the species in a public context. The

participants will be evaluated through their mobile devices to test their knowledge about NARWs,

giving them the opportunity of having anonymity.
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3 Importance of North Atlantic Right Whales - NARWs

As the Introduction (Section 1) mentioned, the project's goal is to raise awareness about the

NARWs. Therefore, this section is dedicated to these species and serves to gain knowledge about

the characteristics, way of living, and threats, among other information.

Description. The North Atlantic Right Whale, whose scienti�c name is Eubalaena glacialis,

is a whale species that live in coastal or continental shelf waters and sometimes in deep waters9.

In the words of the Whale and Dolphin Conservation (WDC) organization, NARWs are enormous,

slow-swimming, baleen whales10. Regardless of their heftiness, NARWs are skilled acrobats and

are well-known to breach and slap their �ippers and tails against the water. Other names for this

species are "Tube whale," "Biscayon right whale," "Biscay whale," and "Black right whale."

Status. NARWs are "critically endangered" in the IUCN classi�cation (Fig. 7), according to the

red list assessment in 2020 [5]. Some fonts, such as World Wildlife Fund (WWF), mentioned that

only 400 (approximately) currently exist. Others, such as the WDC and the National Oceanic and

Atmospheric Administrations (NOAA) 11, report that the remaining exemplars are between 350

and 360. Currently, whales are protected from direct harvest, allowing partial recoveries in many

previously depleted species [37]. However, the number is still below their historical abundance, and

the number of mature individuals is around 200-250 [5].

Fig. 7: NARW status re�ected on the IUCN scale (retrieved from [5])

Size and Weight. According to the WWF 9, a NARW can reach 17 meters long. The WDC10

reports that males and females could get a maximum size of 18.5 meters. However, NOAA11

informs that they only reach 15.8 meters long. The calves' size is between 4.25 and 4.6 meters. A

study about the size of NARWs [37] demonstrates that the threats they face during their lifetime

are the causes of their size reduction. These threats can be incidental human impacts, such as

vessel strikes and entanglement in �shing gear. Another problem is climate change, which a�ects

prey dynamics. Fig. 8 compares the size of a NARW and a scuba diver.

Appearance. According to NOAA 11, NARW has completely black bodies, or some have

irregular white patches on their bellies. They have a strong completion and don't have dorsal �ns.

Their blow spouts have the shape of a "V." NARW tail is large, deeply notched, and utterly black

with a smooth trailing edge; their pectoral �ippers are short compared with other whale species,

but they still are broad and with a shape of a paddle. NARWs' heads have callosities (Fig. 9)12),

which are white patches of rough skin. These callosities form a unique pattern for each NARW,

and scientists use them to identify them.

9https://wwf :ca/species/north-atlantic-right-whales/
10 https://us :whales:org/whales-dolphins/species-guide/north-atlantic-right-whale
11 https://www :fisheries :noaa:gov/species/north-atlantic-right-whale
12 https://photolib :noaa:gov/Collections/NOAAs-Ark/Whales/emodule/722/eitem/30405
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